DESCRIPTION COMPOSITION FOR FORMING LOW-REFRACTIVE-INDEX FILM, METHOD OF
FORMING LOW-REFRACTIVE-INDEX FILM, AND LOW-REFRACTIVE-INDEX FILMAND
ANTIREFLECTIVE FILM BOTH FORMED BY THE FORMATION METHOD TECHNICAL FIELD [0001]
The present invention relates to a composition for forming a low refractive index film, more specifically, to
a composition for forming a low refractive index filmwhich is used for providing an antireflective function to
a display device of a cell phone, a personal computer, a televis ion, and a touch panel and an optical
component of a camera, a copying machine, eDiz&SRhipa haachine, a laser beam printer and the like. The
present invention also relates to a method for forming a low refractive index film formed by the
composition an8AVRINP ItHERIEOMAEORN M andCdtr BRtiréfective-fiNPBStH tdithe dbYHAR MEthod.
BACKGROUND ART OOO%M RE In order to inhibit reflection or glare of light from outside, an

r Fd% 5\

antireflective fill BRIy BRACE DS RerSrc k- b hP leSiieRaGdH XE 2 NRY crystal display
or an EL display. [ heRplikgAGEEME HEriR2lsq LW@S?MEB%?WN&TQ%@@ a copying

machine, a facsimile machine, a laser beamprinter, glasses an 003] As
antireflection utilizes an optical interference action, if a refractive index of a firm formed is sufficiently
lower than that of a substrate, a low reflection can be given theoretically by using a single layer coating as
derived from FrégaeN$3atmEIHe.IHowever, in actuary fact, an antireflective film is generally formed by a
multilayer film having different refractive indexes (a high refractive index layer and a low refractive index
layer) as the rar[&QQﬁ]:hoices of low ref ractive indexmaterials which can attain antireflection in a single

layer coating is narrqw, .#00044 . Varigus materigls are known as a material for, formjnajthe low
refractive index layer orthe Fid ﬂﬂ;:\y'enrvaeﬁlréﬂgcﬁ% FHwhich i%%mpo%%'ﬂ;lb%g Orreﬁgg{p\,'g dex layer and

the low refractive joQERYSE IV IR T HRINIRANSIBZRT ?éa’igf}h, ZB'3ieHAb G EBIE known a

method of making a refractive index to a lower refractive index (1.40 o 1.46) than a refractive index (1.46)
of a silica, whiclfés fRsmerhgyadwingedirarauinasinnead>pplyBiardas, by \SHOFPepsitazann @ part of
hydrogen atoms of which are substituted by fluorine-containing alkyl groups such as a perfluoroalkyl
group (see Patéft Botuhedikentave Fnieeitddoitdisperban] fvedeaticte o bianeghkesineméuoride or

magnesium oxide in a solution containing perhydrgpolys ilazane (see Patent Document 2).
apersonal computer, atelevision, andatouchpanel andanoptical

component of a camera, a copying machine, a facsimile machine,
a laser beam printer and the like. The present invention also
relates to amethod for forming a low refractive index film formed
by the composition and a low refractive index film and an

antireflective film both formed by the method.

BACKGROUND ART
[0002]

In order to inhibit reflection or glare of light from
outside, an antireflective film is usually formed on a display
surface of a display device such as a liquid crystal display
or an EL display. The antireflective film is also formed on

an optical component of a camera, a copying machine, a facsimile



[0005] However, in the case where a film having a refractive index of about 1.40 to about 1.46 is used
as an antireflective film, it is necessary to previously form a high refractive index layer as a lower layer.
This method, therefore, has a defect that complicated production steps for forming an antireflective film
are needed. On the other hand, in the method for forming a low refractive index film by containing low
refractive index fine particles such as magnesium fluoride particles, it is necessary to uniformly disperse a
lot of fine particles in the film and maintain them stably. The method has also a problem that transparency
of the film is losedah dispeesias ot thedinemiartielesgFagbesnorethrerbtkat \idfangecessalgtarting materials
which are environmentally friendly is increasingly required. Use of the polysilazane including the
fluorine-containlPB8thpound has a fear for Influences on the environment. CITATION LIST PATENT

DOCUMENTS [0006] Patent document 1: JP 4@_74687 B Patent document 2: JP 2006-259096 A
DISCLOSURE OF THI® Mﬁ%ﬁ%ﬁ%‘éﬂé wee BB S D B I 0GR RGO 0007]  The

present inventioinfhgs E'Eﬂ%bﬁﬁ%)?'bfﬁ% firm formed is suffici?ntlly lower . .
circumstancesdescribedaboveandaimsatprovidingacomposition for forming a low refractive index film

which exhibits amhaxcalieit anfirafleciheritedion RIWWRERIzRRIBShincasingHe daYain can moreover
improve an antireflection effect by previouslyformingahighrefractiveindexlayerinalowerlayer, and does not
influence the ertiemmedncddd®8py usHungher samgther bibjeat obtiitlpigesehtdaventon s om provide a
method for forming a low refractive index film using the compos ition for forming a low-refractive index film
des cribed aboVd @aited 16wherraelae inddRuRviednd &R AtkefEXiVEEE bdth formed by the method.

MEANS FOR Sz?n \éllNe ﬂel_él%ﬁ%oﬁLllrEnMiss[%%%géral ly formed by a multilayer film

having different refractive indexes (a high refractive index
layer and a low refractive index layer) as the range of choices
of lowrefractive indexmaterialswhichcanattainantireflection
in a single layer coating is narrow, .

[0004]

Various materials are known as a material for forming the
low refractive index layer of the multilayer antireflective film
which includes the high refractive index layer and the low
refractive index layer. As examples using polysilazane as such
amaterial, there are known a method of making a refractive index
to a lower refractive index (1.40 to 1.46) than a refractive
index (1.46) of a silica, which is formed by curing of
unsubstituted polysilazane, by using polysilazane, a part of
hydrogen atoms of which are substituted by fluorine-containing
alkyl groups such as a perfluoroalkyl group (see Patent Document
1) and amethod of dispersing fine particlesofmagnesium fluoride

or magnesiumoxide inasolutioncontaining perhydropolysilazane



As a result of intensive studies and investigations, the inventors have found that when a solution
containing an inorganic polysilazane and at least one organic polymer selected from a silazane-containing
organic polymer, a siloxazane-containing organic polymer, and a ureasilazane-containing organic polymer
in a specific ratio is applied on a substrate, a low refractive Index film, which falls remarkably below
peculiar refractive Indexes to compounds obtained by transforming each of the inorganic polys ilazane
and the organic polymer , can be obtained. As the resulting film has a very small refractive index, it can
form an excelle(tastiredlestive Dihoumesrtwhen used as a single layer and is very useful as an
antireflective film. The present invention is accomplished based on the findings. [0010] The present
invention, therel®@%®dlates to a composition for forming a low refractive index film, a method for forming
a low refractive index film, and a IQw refractive index film. and an antireflective film which are formed by

the aforementioned méi'ﬁ&’&)’t?é]own[ﬁ ¢ fase wpprg adht dadiwd 'ﬂ_g’r"i'o'ﬂ?] KGSUBVErRYEHve index film
comprising (4) B RBEIANIE DRVRUAZBRR I 4R 74 1BRRLLOS A9aNe PAHTELE]C!S ifprm @

silazane-contalnlng organic polymer, a slloxazane-containing organic polymer, and a ureas

ilazane-containipg psaasieBelFyetoiereibad ioret-ifd hiH EFrde i @ index Payrweight. [0012]

(2) The composition for forming a low refractive index film according to item (1) above, wherein the
organic polymeafiaa dtdeast dmgy ergariib ggoup Eateltetifeorafaralkyhgsowp cdafatkenthgtoup, a
cycloalkyl group, an aryl group, an alkyls ilyl group, an alkylamino group, an alkoxy group, and a grou
rgpreser):te% by%ﬁ@%%@g@%ppm@%’ ifygﬂ%ps%’or for)r/ning an%nt?reflect i)\//g fi Pm grotp

are needed. On the other hand, in the method for forming a low
refractive index film by containing low refractive index fine
particles such as magnesium fluoride particles, 1t is necessary
to uniformly disperse a lot of fine particles in the film and
maintain them stably. The method has also a problem that
transparency of the Tilm is lose by dispersion of the fine
particles. Furthermore, In recent years, use of starting
materials which are environmentally friendly is increasingly
required. Use of the polysilazane including the
fluorine-containing compound has a fear for influences on the

environment.

CITATION LIST
PATENT DOCUMENTS
[0006]
Patent document 1: JP 4374687 B

Patent document 2: JP 2006-259096 A



wherein 1,1 bonds to Si of the organic polymer; 1,1 and L2 are each independently -CH2-, -NR5- in which
R5 is a hydrogen atom or a C1- C4 hydrocarbon group, -0-, -S- or -0C(=0)- in which an oxygen atom
bonds to Si, but L2 may be absent; R6 and R7 are each independently a hydrogen atom, an alkyl group,
an alkenyl group, a cycloalkyl group or an aryl group; P1 and P2 are each independently an integer of O to
4; and P3 is an integer of 0 to 3. [0015] (3) The composition for forming a low refractive index
filmaccordingtoitem(2)above,whereinthesilazane-containing organic polymer is a silazane-containing
organic polymeb IS@eG80uRE] OF teEomNVENTEONRI

PROBLEMS TO BE SOLVED BY THE INVENTION
[o0007]

The present invention has been made based on the
circumstancesdescribedabove andaimsatprovidingacomposition
for forming a low refractive index film which exhibits an
excellent antireflective function even when applied in asingle
layer, can moreover improve an antireflection effect by
previously formingahighrefractive index layer ina lower layer,
and does not influence the environment.

[o008]

Further, another object of the present invention is to
provide a method for forming a low refractive index film using
the compositionfor formingalow-refractive index filmdescribed
above, and a low refractive index film and an antireflective

film both formed by the method.

MEANS FOR SOLVING THE PROBLEMS
[0009]

As a result of intensive studies and investigations, the
inventors have found thatwhen asolution containingan inorganic
polysilazane and at least one organic polymer selected from a
silazane-containing organic polymer, a siloxazane-containing
organic polymer, and a ureasilazane-containing organic polymer

in a specific ratio is applied on a substrate, a low refractive



R3

Si-N

index film, which falls remarkably below peculiar refractive
indexes to compounds obtained by transforming each of the
inorganic polysilazane and the organic polymer, can be obtained.
As the resulting film has a very small refractive index, it can
form an excellent antireflective film even when used as a single
layer and is very useful as an antireflective film. The present
invention is accomplished based on the findings.

[0010]

The present invention, therefore, relates toacomposition
for forming a low refractive index film, a method for forming
a low refractive index film, and a low refractive index film
and an antireflective filmwhich are formed by the aforementioned
method, below.

[0011]

(1) A composition for forming a low refractive index film
comprising (A) an inorganic polysilazane and (B) at least one
organic polymer selected from a silazane-containing organic
polymer, a siloxazane-containing organic polymer, and a
ureasilazane-containingorganicpolymer, whereinaratioof (A) :
(B) is from 40 : 60 to 17 : 63 by weight.

[0012]

(2) The composition for forming a low refractive index
film according to item (1) above, wherein the organic polymer
has at least one organic group selected from an alkyl group,

analkenyl group, acycloalkyl group, anaryl group, analkylsilyl



LI SIINI() 12.-)111 R4 H 11

group, an alkylamino group, an alkoxy group, and a group

represented by the formula (1):

[0013]
(R7)p,
L, o, ,S—FOR%), | (D
/ 3
™ML
[0014]

wherein L; bonds to Si of the organic polymer; L; and L, are each
independently -CH,-, -NR>- in which R® is a hydrogen atom or a
C1 - C4 hydrocarbon group, -O-, -S- or -OC(=0)- in which an oxygen
atom bonds to Si, but L, may be absent; R® and R’ are each
independently a hydrogen atom, an alkyl group, an alkenyl group,
a cycloalkyl group or an aryl group; P; and P, are each
independently an integer of O to 4; and P3; is an integer of O
to 3.

[0015]

(3) The composition for forming a low refractive index
filmaccordingto item (2) above, whereinthe silazane-containing
organic polymer is a silazane-containing organic polymer
represented by the formula (11):

R! R}

éi—N éi—N (1)

[, | [, ]
2 4
R* H|p | R* Hfp

wherein R! is a group represented by the formula (1) described



wherein R1 is a group represented by the formula (I) described above; R2, R3, and R4 are each
independently a hydrogen atom, an alkyl group, an alkenyl group, a cycloalkyl group, an aryl group, an
alkylsilyl group, an alkylamino group or an alkoxy group; and m and n show a molar ratio of the structure
and m:nisfrom50:50to 1:99.[0016] (4) The composition for forming a low refractive index
filmaccording to anyone of items (1) to (3) above, whichfurther comprises a solvent. [0017] (5) The
composition for forming a low refractive index filmaccording to anyone of items (1) to (4) above,
whichfurther coatrises a<atafystafiD 8] are BichA riatleskfatdotrhingraHydredactixedndex film
comprising the steps of applying the composition for forming a low refractive index film according to item
(4) or (5) descridedediinle dFevR-s@istdtecand teHiIBrm G Yed eaMpdsiasrYoer femabyd low refractive

index film. [0019 (7) A lgw refractiye index film formed by the method according to item (6) above.
[0020]  (8) & oétﬁ’['rre%@cﬂ(\)%)fi A pﬂgﬁﬂ“theafav@!é‘f}’d‘%?fé‘fﬁo%&omﬁm QEcBRif [f8>f€ém (7) above.

ADVANTAGEOé_{%Llr:FEFl;FEJ rg)%uﬂ_”r?l I%\élv:vl\glr%‘ar ratio of the structure and m :

n is from 50 : 50 to 1 : 99.
[0016]

(4) The composition for forming a low refractive index
filmaccording to any one of items (1) to (3) above, which further
comprises a solvent.

[0017]

(5) The composition for forming a low refractive index
filmaccording to any one of 1tems (1) to (4) above, which further
comprises a catalyst.

[0018]

(6) A method for forming a low refractive index film
comprising the steps of applying the composition for forming
a low refractive index filmaccording to item (4) or (5) described
above onto a substrate and transforming the composition for
forming a low refractive index film.

[0019]

(7) A low refractive index film formed by the method

according to item (6) above.
[0020]
(8) An antireflective Tilm comprising the low refractive

index film according to item (7) above.



[0021] The film formed using the composition for forming a low refractive index film of the present
invention has a low refractive index and it functions as an antireflective film even when applied in a single
layer. When it is used in a single layer, accordingly, the production steps of the antireflective film can be
simplified. On the other hand, when the film of the present invention is used as an upper layer of a
multilayer film structure in which a high refractive index layer has been previously formed as a lower layer,
a film having an especially excellent antireflection effect compared with conventional films can be
obtained. [0022] In addition, the composition for forming a low refractive index film of the present
invention does not give a bad influence on the environment because no fluorine-containing compound is
used in the orgARM¥AAbINRPUSURRERROr&Rt IBHfotINeESERAN to be constrained by the solubility and
dispersibility of the film-forming composition and a low refractive index film having an excellent
transparency ¢ %Je-'asily formed, because it is not necessary to disperse low refractive index fine

particles. BRIEF EXPL }Iﬂ%}%@%g@\ﬁ@}lﬁ .[9933 Og]ﬁf)nl%i%%}dﬁ qccﬁpb,ﬁgwﬁqr%ﬂ%o%aph for a

drawing and is a SEMphotograp a cross-section of t tained in Examp Fig. 2is a

substitute photqasppades acdramdes apflis HPEMONPredarh Ghysrmsoaeaken & iwfilm obtained in
Comparative Example 1. Fig. 3 is a substitute photograph for a drawing and a SEM photograph of a

cross-section ofthbrfilot phearretb Qomgafainet Exampiedh MADEFOECCARRNING@UIT THE
INVENTION [0024] The composition for forming a low refractive index film (which may be sometimes
referred to as a*e8mRddRY, M metnod ksr ey a i6eettichSe 158k fitn2and8dSow refractive

index film and the ae[]tireflegti\éed film Whictt}]grelfgr g%b(}/ theBmethoF'gjt féhe rersgrﬂ)invgntion will be
explained in fur aé’rJe’ta?Fb&ow'.T@dé(B] REGEEHNES 3 %93,? e on%]oslltlo ?%e"ﬁ?esent invention

is characterizedey 0PI IRRIAMIPI #3RIE POl IRRANG ANk AHISAS! ONRAITARIC Rl erhereinafter
which may be sometimes simply referred to as an "organic polymer") selected from a silazane-containing
organic polymethe present invention is used as an upper layer of a multilayer

film structure in which a high refractive index layer has been

previously formed as a lower layer, a film having an especially

excellent antireflection effect compared with conventional

films can be obtained.

[0022]

In addition, the composition for forming a low refractive

index Film of the present invention does not give a bad influence

on the environment because no fluorine-containing compound is

used in the organic polymer. Furthermore, it is not necessary

to be constrained by the solubility and dispersibility of the

film-forming composition and a low refractive index film having

an excellent transparency can be easily formed, because i1t is

not necessary to disperse low refractive index fine particles.

BRIEF EXPLANATION OF DRAWING



(hereinafter which may be sometimes referred to as an "organic polysilazane"), a siloxazane-containing
organic polymer (hereinafter which may be sometimes referred to as an "organic polysiloxazane"), and a
ureasilazane-containing organic polymer (hereinafter which may be referred to as an "organic
polyureasilazane" in a specific ratio. Hereinafter, the inorganic polysilazane, the organic polymer, and the
solvent which are used in the composition of the present invention, and the forming method thereof will be
explained in detail in order. [0026] (I) Inorganic Polysilazane First, an inorganic polysilazane used in
the present invqitt@a8yill be explained. [0027] The inorganic polysilazane used in the present
invention is not particularly limited and it can be arbitrarily selected from conventionally known ones so
long as the effects of tHel Bvehtib® &eSHESKASaTEeIPNMICHERBT. fiodr axarid NBep@@dahve exemplified
a compound soluble in a solvent, which has repeatirl% units represented by the formula (Ilg%: [0028] Si -N
(1) 11 1 H 00281 SE1 PP SaRaR Ak B on o P BT A D S e AR e Kbiven, which
has the repeatirlg units represented by the formula (I11) described above, any method including
conventionally known methods can be adopted. As one example of such a method, for example, there
can be raised a methog:jywhichi 8 dihaipsiiepererprotiegrap eré U@ silldg 2anbeigin X is a
halogen atom is reacted with a base to form an adduct of dihalosilane and then the adduct of dihalosilane
is reacted with amsEdhiphtotsygwhesize ft. dHalosdanssckegernefathaecitid ander@iatsld térform an adduct
by reaction with a base. The formation speed of this adduct and the stability as an adduct depend on the
strength of the SSARF AN P doABALE tHe strength of the bas icity of the bas ic substance, the steric

factor, and the like. Therefore, an addugct which is stable and capable of easily produci inorganic
polysiiazane by the reach@n S e TATe T BT CRar By LA ety AL AU Kt o the

halosilane and {1¢,pa36-a PG HARIFYY-BE AGBIFLINLhIS FRR SOESIMRIRE BRIy L1594 a stability in

which the resulting proéduct can be isolated as an adduct. It encompasses all cases including not only a
case where theggratifiing product can stably exist in a solvent but also a case where it substantially
functions as a reaction intermediate. [0030] As the halosilane, it is preferred to select dihalosilanes
represented by the formula: SiH2X2 wherein X is F, Cl, Br or | in terms of the handling and reactivity

thereof. Furthermore, it is particularl(yj preferred to use dichlorosilane in terms of the reactivity and the
pnceofsuﬂﬂngMggﬁﬂﬁgg_CARRYIN OUT THE INVENTION

[0024]

The composition for forming a low refractive index film
(which may be sometimes referred to as a "composition’™), the
method for forming a low refractive index film, and the low
refractive index film and the antireflective film which are
formed by the method of the present invention will be explained
in further detail below.

[0025]

As described above, the composition of the present
invention is characterized by comprising an inorganic
polysilazane and at least one organic polymer (hereinafter which
may be sometimes simply referred to as an "organic polymer™)

selected from a silazane-containing organic polymer



[0031] The base used for forming the adduct may be bases which do not cause reactions other than
the reaction forming an adduct with the halosilane. Preferable examples thereof may Include Lewis
bases, tertiary amines such as trialkylamines, pyridine, picoline and their derivatives, secondary amines
having a sterically hindered group, phosphine, arsine and their derivatives, and the like, for example,
trimethyl phosphine, dimethylethyl phosphine, methyldiethyl phosphine, trimethyl arsine, trimethyl stibine,
trimethyl amine, triethyl amine, thiophene, furan, dioxane, selenophene, and the like. Pyridine and
picoline are par(ihelpslyarEtenabla ichenag obtmhatilieg arcFecondnty Abeaammumjanfibe base used is
not required to be strict, and it is enough that the base including the amine in the adduct exists in a
stoichiometric aPedysidezne’fd thé sialexpaanrerationdiad At SiraRnAC2 RP G&Y: 1. In addition, the

formation of the adduct is performed in a solvent. [0032 Ina synthesis of the inorganjc polys ilazane
via the adduct, Fff?)'rﬂﬁﬁ%eﬁowgﬂﬁgaﬁ@{s%rﬁ%%wr&gﬁcﬁﬁ&ﬁg%&ﬁ’c?ﬁe@@rib% \fe with

iai ' t. t ' t th
ammonia in an #eai%?r%%éﬁr@ Sjn Sio¢ aacﬂf‘%a@?lﬁ@gﬂf@—%ﬁm%@nw & @ amount more than

that of the sila espect to the reaction conditions thereof, the reaction temperature may

be usually fromp&iyrie A0de nepierebdr fioni H0&Rdp 8 G brbiheteadiastiane apgddha reaction

pressure are not particularly limited. The polymerization reaction of the inorganic polysilazane may be
preferably perfgroigdiireas ilexx gas’ atmosphepecilftiagamgas andargangbteare piederred as the inert
gas. [0033] _As the inorganic pg/li/;ilazane, for example, perhydropolysilazanes having linear parts and

cyclic parts in it8HASRRDEC AP kiod e Zaiene HRIBpBRRNSZBAL e be B ILEBIIRA Y8 EXample, a

method describe@_ig JP 63-163 SnB %énetrgnod re_q:orted ?Ii Sg(i/fertgnet aI.,VCommuni%at(ii)n of Am. Cer.
Soc., C-13, Janu Fy Hﬁf ors mfethLS ds20eed 1 9B 1- [i'g 5 ) aﬁd't’ﬁeeﬁk%'. cfphasrbasically linear

parts and cyclicgrtg)pri g AleeHIAAkLTd PG FAR pReaier BY falryingetRamisal fruayiae: [0034]
SH-I2N< -(SiH3 ) 'b (a+b+c=1) [0035] JP 63-16325 B describes perhydropolysilazanes having a

molecular weigFooR2890 to 2,000, 3 to 10 SiH3 groups in one molecule, and an elemental ratio by a
chemical analysis of 59 to 61 % by weight of Si, 31 to 34 % by weight of N, and 6.5 to 7.5% by weight of
H. An example 613hd pengairépoRehxsddezaneture is one as described below.

First, an inorganic polysilazane used in the present
invention will be explained.
[0027]

The 1norganic polysilazane used in the present invention
is not particularly limited and it can be arbitrarily selected
from conventionally known ones so long as the effects of the
invention are not impaired by use thereof. For example, there
can be exemplified a compound soluble in a solvent, which has
repeating units represented by the formula (111):

[0028]

)
JDSi—ll\Ijr (m)
H H'!

[0029]
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[0036] Hy HyHy St-NH Si ,Si ,Si /, -NH siN2 HIV'. '14'N'N lIHIl HySK /511-12 HySi "N N HyHN-Si | hi 2
NN [0037] The inorganic polysilazane can be synthesized by the methods described above. The
inorganic polysilazane is not particularly limited so long as it can be dissolved in a solvent. In general, the
number average molecular weight (polystyrene conversion) is preferably from 500 to 5,000, more
preferably from 500 to 3,000, further more preferably from 600 to 2,000. [0038] (II) Organic Polymer

As a method for producing the inorganic polysilazane
soluble 1n a solvent, which has the repeating units represented
by the formula (111) described above, any method including
conventionally known methods can be adopted. As one example
of such a method, for example, there can be raised a method iIn
which a dihalosilane represented by the formula: SiH»X; wherein
X is a halogen atom is reacted with a base to form an adduct
of dihalosilane and then the adduct of dihalosilane is reacted
withammonia tosynthesize it. Halosilanesaregenerallyacidic
and are able to form an adduct by reaction with a base. The
formation speed of this adduct and the stability as an adduct
depend on the strength of the acidity of the halosilane, the
strength of the basicityof the basic substance, the steric factor,
and the like. Therefore, an adduct which is stable and capable
of easily producing an inorganic polysilazane by the reaction
with ammonia may be formed by adequately selecting the kinds
of the halosilane and the base. The stability of the adduct
in this case does not necessarily mean a stability in which the
resulting product can be isolated as an adduct. It encompasses
all cases including not only a case where the resulting product
canstablyexistinasolventbutalsoacasewhere itsubstantially
functions as a reaction intermediate.

[0030]
As the halosilane, 1t ispreferred to selectdihalosilanes

represented by the formula: SiHxX; wherein X is F, ClI, Br or

11



The organic polymer used in the present invention may be arbitrarily selected from an organic
polysilazane, an organic polysiloxazane and an organic polyureasilazane, so long as the effects of the
present invention are not impaired. These are polymers in which nitrogen atoms in the polymer are
bonded to at least two silicon atoms and an organic group is bonded to any Si atom in the polymer.
[0039] In the present invention, the organic polysilazane is one wherein an organic group is bonded
to any Si atom of a polymer which has at least one linear, branched or cyclic main chain including at least
one Si-N bond; thienotgamis pdivsiexerahE isgpardvheseitiarn tygaharewil s bohdeddoeany Si atom of a
polymer which has at least one main chain including both an Si-N bond and an Si-0 bond; and the organic
polyureasilazanttis Sneanikd il 2Rl yr AsiEYrHae Ehoreed o ddyr ssifaneia daymeolhich has at
least one linear, pranched or c)‘é:gc main chain including at least one Si-N bond and at least one carbonyl
|

group bonded SPGERIY A afiis Rbha8) OT g 8" dA%Ric group bonded to the Si

atom in the pol;@%' lude an alkyl group, an alkenyl group, a cycloalkyl group, an aryl group, an
alkylsilyl group, an a@lamino group, an alkoxy group, a group represented by the following general

formula (1), and the likeTikel #zfsal k)4 SHOFBY FE N EfR) AR asdiectlkhgreie badds 3l kenyl groups are
preferable as the alkenyl group, C6-C8 cycloalkyl groups are preferable as the cycloalkyl group, C6-C8

aryl groups are giwefetabEugs theaaryzi graiptodrahatk sty geatpoaréprefaralzle adduetlkylsilyl group,
C1-C6 alkylamino groups are preferable as the alkylamino group, and Ci-C6 alkoxy groups are preferable
as the alkoxy g ) B hebhpsi laoRe hpterends examplge Eheiee i 1o ntabUSEof the organic

polymer; L1 an%{léo areb%acehsin ep ndentl -CHez-, -NR5- isnﬁ\lmichR 5‘, arpé/dro&?n_aﬁ[om oraCl-C4
hydrocarbon gr u\r')v,'-%-, -g-, Hnd =D '('3-‘5}'- BLFH3HE) IR WhIcHY OXy en aromidndd o Si, provided

that Ip may be iRE Ay Rehaf-eaer ivARRTMENELR SNAR 9L B AI0Ms ARANYIrQuPp, an alkenyl

group, a cycloalkyl group, an aryl group; P1 and P2 are each independently an integér of O to 4; and P3 is
an integer of O otdrically hindered group, phosphine, arsine and their

derivatives, and the like, for example, trimethyl phosphine,
dimethylethyl phosphine, methyldiethyl phosphine, trimethyl
arsine, trimethyl stibine, trimethyl amine, triethyl amine,
thiophene, furan, dioxane, selenophene, and the like. Pyridine
andpicoline areparticularlypreferable in terms of the handling
and economy. The amount of the base used iIs not required to
be strict, and it is enough that the base including the amine
in the adduct exists in a stoichiometric amount or more to the
silane, 1.e., a ratio of amine : silane is 2 or more - 1. 1In
addition, the formation of the adduct is performed in a solvent.
[0032]

Inasynthesis of the inorganic polysilazane via the adduct,
the i1norganic polysilazane is formed by reacting the adduct
described above with ammonia in an unreactive solvent. In such

a case, the amount of ammonia may be an amount more than that
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[0043] In R6 described above, there are preferably exemplified a C1-C10 alkyl group which is
unsubstituted or substituted by a hydroxyl group, a C1-C6 alkoxy group, a C2-C3 alkenyl group, a silyl
group or a groups : -N (R8) 2 in which R8 is a group independently selected from a group consisting of a
hydrogen atom, a C1-C6 alkyl group and a C2-C3alkenyl group as the alkyl group; a C1-C10 alkenyl
group which is unsubstituted or substituted by a hydroxyl group, a C1-C6 alkoxy group, a silyl group, or a
group: as the alkenyl group; and a monocyclic or bicyclic aryl group which is unsubstituted or substituted
by a hydroxyl gueiiphe €ilk&iteallidigrbep, av@iRG3eslkeoy| tootie aréde€oalkaxyyddroigms silyl group or
a group -N(R8)2 as the aryl group. [0044] Preferable examples of the R7 group include a hydrogen
atom, a hydroxytiggoapfanthg g sacikaw benps hatiated el groug) al lenfirgrouy aHd &yl group

described in R6'f£(é(°)45] The particularly éfigjaferable groups as the group represented by the general
formula (1) des &f9et-aPEFT aF@BlyupE LItk shBPalftePUbelds. R HALEITEiIPNIDP2R6R7P3

"NH-1-CH2-14pe reaction pressure are not particularly limited. The
polymerization reaction of the inorganic polysilazane may be
preferably performed in an inert gas atmosphere. Nitrogen gas
and argon gas are preferred as the inert gas.

[0033]

As the i1norganic polysilazane, for example,
perhydropolysilazanes having linear parts and cyclic parts in
its molecule are known. The perhydropolysilazane can be
produced by, for example, a method described in JP 63-16325 B,
a method reported in D. Seyferth et al., Communication of Am.
Cer. Soc., C-13, January 1983, or a method described in JP
11-116815 A, and the like. It has basically linear parts and
cyclic parts in its molecule and can be represented by fol lowing

chemical formulae:

[0034]
—(SiHZNH—); —fsmzl\t{b —65iH3 )C
(a+b+c=1)
[0035]

JP 63-16325 B describes perhydropolysilazanes having a

molecular weight of 690 to 2,000, 3 to 10 SiH3; groups in one

13



-CH2CH3 0 -NH- 1 -CH2- 1 -CH3 0 -NCH2- 1 -CH2- 1 -CH2CH3 0 -NCH2- 1

molecule, and an elemental ratio by a chemical analysis of 59
to 61 % by weight of Si, 31 to 34 % by weight of N, and 6.5 to
7.5% by weight of H. An example of the perhydropolysilazane
structure is one as described below.

[0036]

/S|\ /SI\ -~ ~

HN™ “N” N N SiH,
stg\ ,éin H st;\ ,I{I\
'I’ H HN =S
HZS:\N,SI\N/
P
[0037]

The i1norganic polysilazane can be synthesized by the
methods described above. The inorganic polysilazane iIs not
particularly limited so long as it can be dissolved inasolvent.
In general, the number average molecular weight (polystyrene
conversion) is preferably from 500 to 5,000, more preferably
from 500 to 3,000, further more preferably from 600 to 2,000.
[0038]

(11) Organic Polymer

The organic polymer used in the present invention may be
arbitrarily selected from an organic polysilazane, an organic
polysiloxazane and an organic polyureasilazane, so long as the
effects of the present invention are not impaired. These are

polymers in which nitrogen atoms in the polymer are bonded to

at least two silicon atoms and an organic group is bonded to

14



-CH2- 1 -CH3 0 -NH- 2 -NH- 3 -CH2CH3 0 -NH- 2 -NH- 3 -CH3 0

any Si atom in the polymer.
[0039]

In the present invention, the organic polysilazane is one
wherein an organic group is bonded to any Si atom of a polymer
which has at least one linear, branched or cyclic main chain
including at least one Si-N bond; the organic polysiloxazane
is one wherein an organic group is bonded to any Si atom of a
polymer which has at least one main chain including both an Si-N
bond and an Si-0 bond; and the organic polyureasilazane is one
wherein an organic group is bonded to any Si atom of a polymer
which has at least one linear, branched or cyclic main chain
including at least one Si-N bond and at least one carbonyl group
bonded to each of two nitrogen atoms.

[0040]

Examples of the organic group bonded to the Si atom in
the polymer include analkyl group, analkenyl group, acycloalkyl
group, an aryl group, an alkylsilyl group, an alkylamino group,
an alkoxy group, a group represented by the following general
formula (1), and the like. C;-C; alkyl groups are preferable
as the alkyl group, C,-C3; alkenyl groups are preferable as the
alkenyl group, Ce¢-Cg cycloalkyl groups are preferable as the
cycloalkyl group, Cs-Cg aryl groups are preferable as the aryl
group, C1-Cs alkylsilyl groups are preferable as the alkylsilyl
group, C1-Cs alkylamino groups are preferable as the alkylamino

group, and C;-Cs alkoxy groups are preferable as the alkoxy group.
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-0C(=0)- 1 -CH2- 1 -CH3 0 -s- -CH2- 0 -CH2CH30-0-10 1

[0041]
(R7)P3
L &> OR®) (D)
e 1\f\4xﬁ \(\/7 —CORY);5 b,
[0042]

In the formula, L; bonds to Si of the organic polymer;
L; and L, are each independently -CH,-, -NR°- in which R® is a
hydrogen atomor a C;-C4 hydrocarbon group, -O-, -S-, and -OC(=0)-
(ester bond) 1n which the oxygen atom bonds to Si, provided that
L, may be absent; R® and R’ are each independently a hydrogen
atom, an alkyl group, an alkenyl group, a cycloalkyl group, an
aryl group; P: and P, are each independently an integer of O
to 4; and Pz is an integer of O to 3.
[0043]

In R® described above, there are preferably exemplified a
C1-C10 alkyl group which is unsubstituted or substituted by a
hydroxyl group, a C;-Ce¢ alkoxy group, a C,-Cz; alkenyl group, a
silylgrouporagroups: -N(R®), inwhichR® isagroup independently
selected from a group consisting of a hydrogen atom, a C;-Cg
alkyl group and a C,-C3 alkenyl group as the alkyl group; a C1-Cio
alkenyl groupwhich is unsubstituted or substituted by a hydroxyl
group, a C;-Cs alkoxy group, a silyl group, or a group: -N(R®),
as the alkenyl group; and a monocyclic or bicyclic aryl group

which is unsubstituted or substituted by a hydroxyl group, a
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-CH2CH3 0 [0047] The group represented by the formula (1) described above is substituted as the
side chain of a polymer by reacting the polymer described later, which has been previously prepared, with
a reagent having a reactive amine or hydroxyl functional group. [0048] Examples of the reagent
include 1-triethoxysilylacetic acid, 3-trimethoxysilylpropionicacid, 3-ethoxysilylpropionic acid,
triethoxysilylmethane thiol, trimethoxysilylmethane thiol, 3-triethoxysilylpropane thiol, 2-trimethoxysily1l
ethanol, 2-triethoxysilyl ethanol, 3-triethoxysilylpropanol, acethoxymethyltriethoxysilane,
acethoxymethyltrintatlzabiygliageo apetlzoRyp @psitivaeyHoxysilame,a C;-Cs alkoxy group,
N-(3-acryloxy-2-hydroxypropy1)-3-aminopropyltriethoxysilane, (3-acryloxypropyl)-dimethylmethoxysilane,
(3-acryloxyprop§ 15 lethytigiéRh Xy sH o B-adiBprapy theiREHogERHRe,
3-(N-allylamino)propylirimethoxysilane, 4-aminobutyltriethoxysilane,

N-(2-aminoethy! QQ—% inoisobutylmethyldimethoxysilane,

(aminoethylaminomethppgt}gga@ygri@@qgﬂg|<’%ﬂe,the R’ grouﬁoeitﬂglgude a hydro

N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane, N-(2-ami -3-amino rop)%terlrgnethoxysilane,
N-(6-aminohexyhasminepreeitticyathposlane $-theastopaea Xy P IMBAEINSHRe SIRDS,
m-aminophenyltrimethoxysilane, p-aminophenyltrimethoxysilane,
3-(3-aminopropoky):B,3-akkethyll - tapyopeanttrangthoyysilgneledaniinegrdpy|&imethylethoxysilane,
3-aminopropylmethyldiethoxysilane, 3-aminopropyltriethoxysilane, 3-aminopropyltrimethoxysilane,
3-aminopropyltr[Wﬁ'&]mxyethoxyethoxy)siIane, benzoyloxypropyltrimethoxysilane,
bis-(2-hydroxyethyl)-3-aminopropyltriethoxysilane, h %r xymethyltriethoxysilane
(methacryloxymethy iSRRGV IR (RERLERTE SRR Ao ouP
methacryloxymethyitimetbosyslane JRRKRCIMOMRIPRYMRIEYRIRRYIB0R are groups
methacryloxypropyltriethoxysilane, methacryloxypropyltris(methoxyethoxy)silane,
N-methylaminogegadiaethydwnethaxysilangd¥awethylaminopropyltrimethoxysilane,
N-phenylaminopropyltrimethoxysilane, and (3-trimethoxysilylpropyl)diethylenetriamine. [0049] Of
these, acethoxykR@#ydriethoxysilane, acethoxymethyltrimethoxysilane, acethoxypropyltrimethoxysilane,
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane,
3-(3-aminopropoxy)-3,3-dimethyl-l-propenyltrﬁ%siIane, 3-aminopropyltriethoxysilane,
3-aminopropyltrimethoasilane, @,rld (3-trirr|1_gthoxysilylE,rzopyl)dietlpe\glenetrianﬁme areF%referred. [0050]

~NH- 1 —CHa- 1 —CHCHa - 0

~NH- 1 —CHp- 1 ~CHs - 0
~NCH,- 1 —CHp- 1 ~CH,CHs - 0
~NCH,- 1 —CHp- 1 ~CHs - 0

~NH- 2 ~NH- 3 —CH,CHs - 0

~NH- 2 ~NH- 3 ~CHs - 0

~0C(=0)- 1 ~CHa- 1 ~CHs - 0
-S- 0 ~CHa- 0 ~CH,CHs - 0
-0- 1 0 1 —CHCHs - 0
[0047]

The group represented by the formula (1) described above

is substituted as the side chain of a polymer by reacting the
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The most preferable are members selected from the group consisting of
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane,
3-aminopropyltrimethoxysilane, and (3-trimethoxysilylpropyl)diethylenetriamine. Commercially available
products thereof may be used. [0051] These organic polymers are produced, for example, by a
method wherein monomers having an organic group are polymerized as described in JP 07-018080 A or
a method wherein hydrogen atoms of a polymer which has previously prepared are substituted by organic
groups as des @idlBdnev]Bett 8 hed 1 Bteewilazanhawolpeen qgarebd quepsreddpaexdmple, by a
method described in JP 4236937 B, US Patent No. 4,482,669 or US Patent No. 4,689,252; the siloxazane
polymer can beWirEpeticasiesiaimpid sy a rrRAedd e stfibed PrUYPEeMINGUBAORB8S or US Patent
No. 5,919,572; and the ureasilazane polymer can be prepared, for example, by a method described in US
Patent No. 5,08"88% or US Patent No. 4,929,704. Commercially available products thereof may be used.
[0052] Of the orgﬁa(%jl% olymers described above, the organic polysilazane is preferable because a
solvent which can be used for the inorganic polysilazane can be used. Preferable examples of the organic

polysilazane Include paiysildrpase o AIRSeAteE) B therfelowind farpideHbky $445dlacélGed] wherein R1

is a group represented by the formula (I) described above and R2, R3, and R4 are each independently a
hydrogen atom pan Glk§graups thoalkenl/ d ouy eooyceeal kgl ,g3eeghax syl lyrbopopnalkglsilyl group, an
alkylamino group or an alkoxy group. [0055 ] In the formula, m and n each is a number showing a
molar ratio of s@Gd@ratifietbrmesdhaineddioam AntrlenEEdAREhOY YT IrW@ENAY@nd when m + n is
100, 1o SO 13 %8 REEIRI T 1B 33 A1 O M RIBIBIAR [y 9 10289 10 2:
ethanol, 2-triethoxysilyl ethanol, 3-triethoxysilyl propanol,
acethoxymethyltriethoxysilane,
acethoxymethyltrimethoxysilane,
acethoxypropyltrimethoxysilane,
N-(3-acryloxy-2-hydroxypropyl)-3-aminopropyltriethoxysilane,
(3-acryloxypropyl)-dimethylmethoxysilane,
(3-acryloxypropyl)-methyldimethoxysilane,
(3-acryloxypropyl)-trimethoxysilane,
3-(N-allylamino)propyltrimethoxysilane,
4-aminobutyltriethoxysilane,
N-(2-aminoethyl)-3-aminoisobutylmethyldimethoxysilane,
(aminoethylaminomethyl)phenethyltrimethoxysilane,
N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane,
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane,
N-(6-aminohexyl)aminopropyltrimethoxysilane,

3-(m-aminophenoxy)propyltrimethoxysilane,

m-aminophenyltrimethoxysilane,

18



As R2, R3 and R4, C1-C4 alkyl groups, C2-C3 alkenyl groups, C6-C8cycloalkyl groups, C6-C8 aryl
groups, C1-C6alkylsilyl groups, C1-C6 alkylamino groups and C1-C6 alkoxy groups are preferable.
[0057] The organic polymer is not particularly limited so long as it can be dissolved in a solvent. In
general, the number average molecular weight (polystyrene conversion) is preferably from 500 to 5,000,
more preferably from 500 to 3,000, further more preferably from 600 to 2,000. [0058] In the
composition of the present invention, the inorganic polysilazane and the organic polymer are used in a
weight ratio of fperandihopBdayilftr§dettaseysétanbly from 33 : 67 to 20 : 80. When the content ratio of
the inorganic polysilazane is more than 40 %byweight or less than 17 % by weight , it is difficult to reduce
the refractive indek3fand Tnpriopesy) Thiscad mrttvtsiderippenalsd iTkRedumwysd kaidsis within the

range described above, the compatibility between the inorganic polysilazane and the organic polymer
becomes poor 5y BVABSRRRIVS e&ﬂgffﬁitgﬂé(y ﬁ1'e(i815‘r‘?1position is applied. As a result, in a step of

deposition and Emmmﬁwﬁp&ﬂﬁm(’i‘&ﬁ GyQRanent becomes to separate out ununiformly
NOPT .

during the film formation us a fine uneven structure having differences in level, which are suddenly

changed in deepnggsnisfPEp@ G athbiaesi abine, filgL and mipleyeya era frrerrskpsitharairface part of

the film. The resulting film has different optical properties between the surface part and the inside part of

the film and ext8big dpdipaibpybertsK likd RoxydtithperyfiitinediNmkaités, a single layer film. The
unevenness on the film surface is gradually reduced and the film becomes smooth as the weight ratio
deviates from tePLRyd ex¥eiBRY bEolee ke ta kR efractive index as a whole film is close to the

refractive index of a material of the inorganjc polysilazane or the organic. polymer. [0059] The low
refractive index %_gﬁﬁ%@ e%)é}ﬁ??:rﬁ\x;l%ibr%_ié)%ég%'é%y' grtfa(?ré} r%gﬁgﬁ%ef the inorganic polysilazane
and the organi ywﬁg%gq@egg;g@ﬁ%pe, respectively. A catalyst for enhancing the

transformation, therefore, may be added to the composition, if necessary. [0060] Examples of the

catalyst include(Md&iameybds postpounds naneingleamprysilsanad products obtained by bringing a salt
of at least one metal selected from the group consisting of transition elements into contact with a basic
organic compouiekijaoeyfoxymgpeyifitraefnpieesdfliieeN-heterocyclic compound may include, in
addition to piperidine, piperadine, pyrrolidine, imidazglidine, pyrazolidine, pyrazoline, pyrroline, pyrazine,

indole, imidazofBeHig5R¥ 1Y eEMKd LhABGEEGAd ey clic compounds such as

1,4-diazabicycl : ne - i hept ing assembly heterocyclic compounds
such as 1,3-di-%@é‘2‘ri&z %%ﬁ%;r]}%o,g mn%ﬁ%fgﬁé%é%ﬁgmélbiperidine), and 2,2-dipyridylamine.
Particularly prefﬁ\ézﬁghgmpgwgﬁg%w%ggds Include 1,3-di-4-piperizyl propane,
4.4'-trimethylenebis(1-methylpiperidine), diazabicyclo-[2.2.2]octane and cis-2,6-dimethyl piperadine.
When the N-hetertbadic/daxppuopyd tdiednet Huxgattiysty ¥sd Eantgined preferably in a content of 0.01
to 50 % by weight based on the total weight of the inorganic polysilazane and the organic polymer, more

preferably 0.1 t8-10e ) ardgrP Topsdme theld sl Bf)Rd EaAe compound include compounds

represented by I{lh%é%rhn)w Igm(mé)[)olpo6r%; Itrimethoxysilane,

N-phenylaminopropyltrimethoxysilane, and
(3-trimethoxysilylpropyl)diethylenetriamine.
[0049]

Of these, acethoxymethyltriethoxysilane,
acethoxymethyltrimethoxysilane,
acethoxypropyltrimethoxysilane,
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane,

3-(3-aminopropoxy)-3,3-dimethyl-1-propenyltrimethoxysilane,
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[0064] wherein RAs are each independently a hydrogen atom or a C1-C4 hydrocarbon group, in which
two RAs bonded to one nitrogen are not a hydrogen atom at the same time; L1 and L2 are each
independently -CH2-, -NRAL1- in which RA1 is a hydrogen atom or a Ci-C4 hydrocarbon group, or -0- ; pl
and p3 are each independently an integer of 0 to 4; and p2 is an integer of 1 to 4, or compounds
represented by the formula (B): [0065] RBRB RB, NNDB qglg2 (B) [0066 ] wherein RBs are each
independently a hydrogen atom or a C1-C4 hydrocarbon group and gl and g2 are each independently an
integer of 1 to 431604 hoprogy ke i@thexgshpauads randnueropypouinds trasys iMaras ,more N atoms
in one molecule, in which a distance between N atoms is about 5 C-C bonds or longer. If the amine
compound has #ste(Bakra Retdifety athid paepykraied inehpaek rhasd Reb@Ery two atoms has only to
satisfy the condition described above. It is desirable that a short chain hydrocarbon group is bonded to
the nitrogen atdhiE ERBYER-more preferable that the number of the hydrocarbon groups is large. The
number of N-H Pagagé, accordingly, is desirably small. However, the amine compound represented by the
formula (B) can ttamlhe effects of the present invention even if two hydrogen atoms are bonded to the

terminal nitrogen atomThe most preferable are members selected from the group
consisting of N-(2-aminoethyl)-3-aminopropyltrimethoxysilane,
3-aminopropyltriethoxysilane, 3-aminopropyltrimethoxysilane,
and (3-trimethoxysilylpropyl)diethylenetriamine.
Commercially available products thereof may be used.
[0051]

These organic polymers are produced, for example, by a
method wherein monomers having an organic group are polymerized
as described in JP 07-018080 A or a method wherein hydrogen atoms
of a polymer which has previously prepared are substituted by
organicgroupsasdescribed inJP4236937B. Thesilazanepolymer
can be prepared, for example, by a method described in JP 4236937
B, US Patent No. 4,482,669 or US Patent No. 4,689,252; the
siloxazane polymer can be prepared, for example, by a method
described in US Patent No. 5,405,655 or US Patent No. 5,919,572;
and the ureasilazane polymer can be prepared, for example, by
a method described in US Patent No. 5,021,533 or US Patent No.
4,929,704. Commercially available products thereof may be
used.

[0052]

Of the organic polymers described above, the organic
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[0068] Of such amrne compounds, compounds represented by the following formula are particularly
preferred [0069] lIil ...".N......... 7.--w, ,--N..' g e N,, N....-'0 I (A)(A2) IlIHI
peeemNLy - WL - N peeeyee == N-—- NN zLL LN, TH(AS) (AD)

polysilazane i1s preferable because a solvent which can be used
for the inorganic polysilazane canbeused. Preferableexamples
of the organic polysilazane include polysilazanes represented
by the following formula (11):

[0053]

R! R3

|Si—N |Si—N (1)

R* H/p, | R 1& n
[0054]
wherein R! is a group represented by the formula (1) described
above and R?, R®, and R* are each independently a hydrogen atom,
an alkyl group, an alkenyl group, a cycloalkyl group, an aryl
group, an alkylsilyl group, an alkylamino group or an alkoxy
group.

[0055]

In the formula, m and n each iIs a number showing a molar
ratioofstructural unitsoftheorganicpolysilazane represented
by the formula (11) and when m + n is 100, m - n is 50 : 50 to
1 : 99, preferably m : n is 33 - 67 to 1 : 99, more preferably
m:nis 15 : 85 to 2 : 98.

[0056]

As R?, R® and R*, C;-C,4 alkyl groups, C»-Cs alkenyl groups,
Cs-Cscycloalkyl groups, Cs-Cgaryl groups, C1-Csalkylsilyl groups,
C1-Ce alkylamino groups and C;-Cs alkoxy groups are preferable.

[0057]
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(B2) [0070] These amine compounds may be used as a mixture of two or more kinds, if necessary.
When the amine compound is added as a catalyst, it is Included preferably in a content of 50 % by weight
or less, more preferably 10 % by weight or less, based on the total weight of the inorganic polysilazane
and the organic polymer. [0071] The aforementioned product obtained by bringing a salt of at least
one metal selected from the group consisting of transition elements into contact with a basic organic
compound means a product obtained by bringing a salt of at least one metal selected from the group
consisting of transition Eleamentainic guigoewithsarissipargdoic lkcanipolindi betbrsoniving with the
inorganic polysilazane and the solution of the organic polymer. Specific examples of the transition
element includeaBal€ecan, 2e \dispalvath, iFe 2Ce0 Nvepd - cd m@ereral IntBa, BUmB@l Pt. The salts

of these metals include halides such as_chloride, organic acid salts such as acetylacetonate, inorganic
acid sais such AXSTATR NS A RGOS DA S XS PSS REE Eo R oals e,

for example, Laﬂ]cﬁn 661§0 T;C&él@ ng&%ﬁ%ﬁf@%@zﬁ%ﬁ%@?gfféﬁgg ?8%#\”012'

PdC12,CuC12,AgC1,ZnC12,A1C13,’InC13, H3C00)3, Ce(CH3C00)3,

Cr(CH3C00)2, Mk HR<IQRaFR(CHaSHO®50 Gar(GHBEHO)Ni (CH3C00 )Pd (CH3CO0) 2, Pd (C2H5C00
)Cu (CH3CO00 ) 2, Ag(CH3C00), Zn(CH3C00)2, In(CH3C00)3, Sn(CH3C00)4, Sn(CH3CO00)2,

Pb(CH3C00)2, [A0SBBCOCHCOCH3)3, Ce(CH3COCHCOCH3)3, Zr(CH3COCHCOCH3)4,
V(CH3COCHCOCH3)4, Cr(CH3COCHCOCH3)3, Co(CH3COCHCOCH3)2, Co(CH3COCHCOCH?3)3,
Ni(CH3COCHCOCH3)iPﬂi§@F@@’©€H’G Depyesetd LRI ENS) g ERIETSCOCH3)2, and

Al(CH3COCHCOCH3)3. [0072] The basic organjc compound, which is braught intg contact with the
metal sait doschId SbUTE e AR BHARISC SRoHBahy AR, G hie b AER v cther
strongly bas ic grgHigfAHPOYITT ¢ DasK OfERNIGHURRPLBY YAV IIE S8Se@ys @5 liyid form when it
is brought into contact with the metal salt. [0073]

80. When the content ratio of the inorganic polysilazane is

more than 40 % by weightor less than 17 % byweight, itisdifficult

to reduce the refractive index of the film formed. This can

be considered because 1T the content ratio Is within the range

described above, the compatibility between the inorganic

polysilazane and the organic polymer becomes poor by evaporation

of the solvent after the composition is applied. As a result,

in a step of deposition and film formation on a substrate, each

component becomes to separate out ununiformly during the film

formation and thus a fine uneven structure having differences

in level, which are suddenly changed in deepness, is formed on

a surface of the film and air layers are formed on the surface

part of the film. The resulting film has different optical

properties between the surface part and the inside part of the

film and exhibits optical properties like a multilayer film,

although i1t is a single layer film. The unevenness on the film
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Specific examples of the primary, secondary or tertiary amines include methyl amine, dimethyl amine,
trimethyl amine, ethyl amine, diethyl amine, triethyl amine, propyl amine, dipropyl amine, tripropyl amine,
butyl amine, dibutyl amine, tributyl amine, pentyl amine, dipentyl amine, tripentyl amine, hexyl amine,
dihexyl amine, trihexyl amine, heptyl amine, diheptyl amine, triheptylamine, octyl amine, dioctyl amine,
trioctyl amine, nonyl amine, dinonyl amine, decyl amine, dodecyl amine, phenyl amine, and the like.
Specific examples of the pyridines include pyridine, picoline, lutidine, pyrimidine, pyridazine, and the like.
Specific exampsrdheibdrsstypadlydddsicedacid conipohiads Ihelbdedh8dmradity @s[tHe0]-7-undecene
(DBU), 1,5-diazabicyclo[4.3.0]-5-nonene (DEN), and the like. Particularly preferable bas ic compounds in
the present invei@ksh&r& pkitRasieuhates Seeonthey @hvR BRI BPRVE0AAF thugvhen this
catalyst is used, first, the metal salt is brought into cor¥b?eit with the basic organic iEom aqund. With respect

to this contact rifi§, Higd FRSTIYR ANELO ARSI & e BraGhl 476 &0nEG KRRA%AS H¥E salt in an
amount enough. i [ C | i ound may be
fTom 0.01 1o 50 2N LBl AL DL T ) e o T e basi
organic compoyy] Pieyght into contact with one mole of the metal salt Is less than 0. 0 1 mole , the
inorganic polys ilazane and the organic polymer are quickly reacted with the metal salt to generate a large
amount of big sp0@%ftticles when mixed with the inorganic polysilazane and the organic polymer solution
in the later step. On the other hand, when the contact amount of the basic organic compound is more
than 50 moles, the stadiit§ deriRbFgsHs NSRBI ARd e EIG aRIECEEH M VEIEA e mixed in the

later step, are deteriﬁrated. g gan be considered {hatt tal salt and the basic arganic compound are
m

h
reacted by this &3n? c‘i%r}g d c%rﬁf)ﬁe&s. 38 'On\f\? e GF]t‘la‘ne'BPo'afb%rt] toBhe® 5y %%%B“?ng the salt of at
least one metal5eleqipd THAReTONRFRISISNG R TRASHRE QJpaiaiie IUPIcRRAgt With the basic

organic compound is added as a catalyst, the inorganic polysilazane, the organic polymer, and the metal
salt are mixed irespeigtiveli9 of theonetdlsatl/ fhe Bong@utnpIXsiazerenaTd traeiganic polymer) of
generally 0. 0001 to 0 . 5, preferably 0 . 001 to 0 . 2 . When the amount of the metal salt mixed is more
than this amourtthéerefecunawdighadsiethetinotdnic pangsitizboe arftmecagads Yolymer are
excessively Increased, thus resulting in occurrence of gelation. On the other hand, when it is less than
this amount, suﬁ&‘?&‘i’[]effects cannot be attained. The mixing is preferably performed in an inert

atmosphere suh a5 & QLIASEIL AP AILAGYA FASAITORGNEIE: RUEL/R RASTRIS [ peITRED e mixing n
:

an oxidizing atmosphere such as in air. er additive e composition according to the

present inventiQFiay EGHRIAHES 20itiMe SOIRRRNBBIEL T AEBCBSADF RUFTHE GRMaaqReaiFMay include,
for example, a viscosity modifier, a crosslinking accelerator, and the like. When applied to a

semi-conductorateieagthasEhoretia tosedeartds sficbmstins (gnwethy siybpbadploptefmay be contained
in the composition for obtaining a gettering effect of sodium. [0077] (Solvent) The composition of the
present inventidd aRsAEdoRaiA essRERt ThHe sBNVERE Is\Hidktharkes bePHeme BCcs696R§#R%the components,
that is, the inoriﬁéig lysilazane, the organic polymer, the catalyst, and the additives can be dis solved
therein . Prefer mples of the solvent include specifically the following solvents. [0078]

Specific examples of the N-heterocyclic compound may
include, in addition to piperidine, piperadine, pyrrolidine,
imidazolidine, pyrazolidine, pyrazoline, pyrroline, pyrazine,
indole, imidazole, triazine, and the like, bridged-ring
heterocyclic compounds such as 1,4-diazabicyclo[2.2.2]octane
and 7-azabicyclo[2.2.1]heptane, ring assembly heterocyclic
compounds such as 1,3-di-4-piperizyl propane,

4,47 -trimethylenebis(1-methylpiperidine), and
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(a) Aromatic compounds such as benzene, toluene, xylene, ethyl benzene, diethyl benzene, trimethyl
benzene, and triethyl benzene; (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-decene; (c) alicyclic hydrocarbon compounds such as ethyl cyclohexane, methyl cyclohexane,
cyclohexane, cyclohexene, p-menthane, decahydronaphthalene, dipentene, limonene, and a-pinene; (d)
ethers such as dipropyl ether, dibutyl ether, diethyl ether, methyl tert-butyl ether (hereinafter referred to as
"MTBE"), and apisbleiaye i@y katdnes suchrad oebylligoputf&etene éerepriafteratferred to as "MIBK"),
and the like. [0079] Of these, (b) saturated hydrocarbon compounds, (c) alicyclic hydrocarbon
compounds, (dNethks raey ¢d)i ke eaosrdm dveqlasier abl8 -dDsbt P I peTHEsd sohrf8enay be used as
a mixture obtained by mixing twq or mqre kinds thereof properly for controlling the evaporation speed of
the solvent, redﬁci’hg‘iﬂ&'Wg%%iﬁé@fosﬁ&ﬁ{%%tﬁ'éfdﬁééjﬁﬁg ftrbiling the solubility of each component.

0L MR 2 A B e TS BRSO

45, PEGASOL 3040 EXXOL D 40, EXXOL D 80, S SOLVESSO 150,

ISOPAR H, ISQifRRLetieade hatas dpenitddipbiydreaddel! soOransataihl few, Sptvent A (a trade
name; manufactured by JX Nippon Oil & Energy Corporation); ShellSol MC 311, ShellSol MC 811, Sol

Eight Delux, Newvs StwiitBiigetiSof étfedambynes; smaonfeendrefiby SHeltoChe idarswapsimt_td.) are
commercially available and they may also be used. [0082] It is preferable to use solvents having a

low volatility froRRERIVEWEHSIEFaRVEAGRE Shditc AP ioRYHe RN RFERS WidsbRRnts, as the

solvents described a00ve, qVINg,2 19 YO D 22 RISMS P% 10 s by weight.

[0062]
Examples of the amine compound include compounds
represented by the formula (A):

[0063]

RA RA

s
N L1, L2, N (A)
A~ “~pA
RAM, 5, \6;3 R

[0064]

wherein R%s are each independently a hydrogen atom or a C;-C4
hydrocarbon group, in which two R%s bonded to one nitrogen are
not a hydrogen atom at the same time; L! and L? are each
independently -CH,-, -NR*- in which R* is a hydrogen atom or
aC;-C4hydrocarbon group, or -O-; pl and p3 are each independently
an integer of O to 4; and p2 is an integer of 1 to 4, or compounds
represented by the formula (B):

[0065]
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(bl) n-pentane, i-pentane, n-hexane, i-hexane, n-heptane, i-heptane, n-octane, i-octane, n-nonane,
i-nonane, n-decane, or i-decane; (cl) ethyl cyclohexane, methyl cyclohexane, cyclohexane, cyclohexene,
p-menthane, or dipentene; (d1) dipropyl ether, dibutyl ether, or MTBE; and (el) MIBK. [0084] Of these
solvents, dibutyl ether is particularly preferable because a fine uneven structure is formed on the film
surface after applying, and it is possible to use the solvent described above within a range where the
solubility and the effects of the present invention are not impaired. [0085] (Method for Forming Low
Refractive Index Film) The low refractive index film according to the present invention is formed by
applying the composition glescribe Qve on Rmubstrate and transforming the composition by heating or
the like, if necessary. [0046] aterialg used for a sygface of the substrate are not particularly
limited and preferable ex&ple -' ¥ {rapsparent substrates such as glass and plastics . In
addition, the substrat® may b&gpaque subsl atesRsuch as a silicon substrate. The substrate may be in a
shape of a plate, a film or a block, and the surface thereof may be flat or curbed. Any glass which has
been conventionally known may be used as the glass material. Any plastic material which has been
conventionally frmeg nay also be used. Examples thereof may Include polyester resins such as
polyethylene terephthalate, polybutylene terephthalate, polyethylene naphthalate, polyethylene
terephthalate-isopatiedlat® te pohgmess; tefepletatidectd  yal dhekergenadibanot-eth Per glycol
copolymers, and co-extruded films of polyethylene terephthalate/polyethylene naphthalate; polyamide
resins such as RYIBRASFHPER 66 CHREAASH 2N R rbadre_uERHEI YNelMiBAB polypropylene,
and polymethylé)FnieQe; vinyl resins such as polyvinyl chloride; acrylic resins such as polyacrylate,
polymethacrylate, and Bo@methyl methacrylate; imide resins such as polyimide, polyamideimide, and
polyether imide'[gagif]aering resins such as polyacrylate, polysulfone, polyether sulfone, polyphenylene
ether, polyphenylene Sulfide (PPS), polyaramide, polyether ketone, polyether nitrile, polyether ether
ketone, and polyether StHies pohicRy issaieusiyse B¢ sesinnsucomsaeldstianengiatvinpact polystyrene,
AS resins, and ABS resins; cellulose films such as cellophane, cellulose diacetate, cellulose triacetate,
cellulose diacetags,calNdrtemsiose e med ecukate f and iehlike Istothee fogittionnl Nagtesach as a hard
coating layer may be formed on the substrate. [0087] As a method for applying the composition on a

surface of the sbﬁs"i’rba‘?é‘ftﬁg%ﬁre‘?ﬁ%%d)th%ﬂ%nalI}?Mﬁnﬁ%bﬂ%ﬁ@@%rﬂﬁ%,@ﬁ? method of a
spm-coatmgme%o% 3 ﬂlpgp%qﬂghege)?ﬁg aa% ss%@\]/g%@aeﬁg%% gt'{/%lgﬂ %$§o%}%igﬁ%ﬁ%r§)8fer method, a

slit-coating method, and printing m as a gravure prinfing me ep of the coated
film may be proé('&ﬁﬁéi?ﬁﬁér %ﬁ'l’y'ft‘iﬁ%ms'ﬁ*}ﬁ Eﬁét%ﬁm fidnbgsvadedeprabyoadedptpickness by
applying the composition once or two or more times, if necessary.

is desirable that a short chain hydrocarbon group is bonded to

O ™A

the nitrogen atoms and it is more preferable that the number
of the hydrocarbon groups is large. The number of N-H bonds,
accordingly, is desirably small. However, the amine compound
represented by the formula (B) can attain the effects of the
present invention even if two hydrogen atoms are bonded to the
terminal nitrogen atom.
[0068]

Of such amine compounds, compounds represented by the
following formula are particularly preferred.

[0069]
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[0088] The film coated on the surface of the substrate may be allowed to stand at an ordinary
temperature in an atmosphere including steam, oxygen gas or mixed gas thereof, i.e. an oxidizing
atmosphere, thereby transforming the composition; or may be pre-baked after application of the
composition if necessary, followed by baking a coated film with heating and then being allowed to stand at
an ordinary temperature as described above or being further baked with heated steam after the
aforementioned baking to transform the composition. The pre-baking may be performed, for example, on
a hot plate at a temperature of 40 to 80C for about 5 to 15 minutes. The baking with heating described
above is performed by |baking at a low temperature of, for example, abput 120C to 200C for about 5
minutes to about 60 mhutes-anetherallpwing the filmNe stang ~_N~
Intheoxidizingatmospheredescribedabovg. After the baking, further baking may be performed at a high
temperature of, for example, ab&#)250 to about 450C for abo#215 minutes to about 120 minutes. The
baking using heated stfam may be performed using steam having a temperature of about 100C to about
350C for about 30 minytes to abqut 120 migutes. [0089] (Antireffgctive Filr) A low refractive index
film can be formed uﬁr};]g\th/e\crj!ﬁop}ﬁti(h{;? r/mingfa Ibv(r?ﬁéckﬁwme’x Of the present invention. As
described above, it can be considgred that the film formed us'gg)the composition of the present invention
has a fine uneven structure having differences in level formed on the surface of the film after the
transformation of the cdmposition|, and in sgite of a single layer, different optical properties of the surface
part of the film and the Wnsjade~aftNe fim~apflear by the formation of the air layer due to the uneven
structure and the single layered film shows optical properties like amultilayer film. For that reason, in the
case where the low refractive inéfX film of the present invention is used as an antireflective film of a

' perties like the multilayer film cannot be
shown. On the contrary, if the t tio of the uneven layer occupying the
film is decreased. The ti : 100 to 500 nm, more preferably
from 150 to 300 nm. In addition,ghe uneven layer has preferafyy)a thickness of about 50 to 150 nm.
[0090] When the low refractive index film of the present invention is used as an upper layer of the
antireflective film having the multilayer film structure, the high refractive index layer may be a known layer
having a refracthifikx of about 1.44 to 2.00. As the known high refractive index layer, there are

exemplified a film formq.ﬁil I inorganic palysil a film, for qB I e compound
selected from high refrac %v%&agf{e}x%ng%%ﬁglﬁgiﬁg}?g H%%gfm 52 ?%géaﬁ%%l'lo , Sb205, Ce02,
Sn02, and IN2030adilRy KuwhiGh ek aekarive insien finserariicies smsisher sedl Hudadnasganic
polysilazane, and the like. The filmthickness canbe appropriately designed to obtain desired optical
properties. Althaugathéydm,thiaknesd reciloteecessefidy dinlited to she doltmmib ke ibys preferable
that the low refractive index film has a thickness of 100 to 500 nm and the high refractive index film has a
thickness of 50%8 BYOhAY, ARFR isTRéR preErdinb kialthd 6% HekEfiteOhdbeTim Rasefthickness of
150 to 300 nm and the high refractive index film has a thickness_qf 100 to 300 nm. [0091 The
ickness of e B i ABT-Thie (RS iy B PR LG B SIP Bt rer. The fim
formed by us in Otpgngé:in]position of the present invention shows a refractive index of 1.30 to 1.40 which
is less than a refractive index of 1.45 obtained after the transformation of the inorganic polysilazane alone
or a refractive i@y 0f 1.40 obtained after the transformation of the organic polysilazane alone. The film
is, accordingly, useful as an antireflective film for a display used in cell phones, computers, televisions
and the like, an optical Toenpditaremeseicl tneaherasiucdpyihgaackiney, adsigilegnackirlds, laser beam

printers and the like, touch panels, o
of at least one metal selected from the group consisting of

transition elements into contact with a basic organic compound
means a product obtained by bringing a salt of at least one metal
selected from the group consisting of transition elements into

contact with a basic organic compound, before mixing with the
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windowpanes for display or residential use, glasses, and the like. EXAMPLES [0092] Hereinafter, the
present invention will be more specifically explained with reference to Examples and Comparative
Examples but the present invention is not limited to these Examples and Comparative Examples. In
addition, the following apparatuses were used in the measurement. [0093] GPC: RID-10A manufactured
by Shimadzu Corporation Spin Coater: 1H-360 S manufactured by Mikasa Co., Ltd. Film Thickness
Gauges: VUV 302 Ellipsometer manufactured by J. A. Woollam Japan Co., Inc. [0094] <Synthesis
Example> sty gaymikgsid 2z diptes ofdhe thergariopolysidzahe anddhé orgaya@olysilazane in the
present Inventionareshown below. [0095] <Synthesis Example 1: Synthesis of Inorganic Polysilazane>

A gas-blowing tBpec hfrhersaimith esiodr thsdtd ansidd esna basentdiecdiisienka +d-8 old-liter four-neck
flask. After the inside of the reactor was substituted ?}ﬁdry nitrogen gas frgm which_ oxy c%en gas was

removed, 1,500t of dr§ pyrtdin¥UedddsedPwal butifo tik 1 Bk 1ALk afﬁh’ coBredNith ice. Next,
100 g of d'Ch'Ofaﬁ&aﬁwa@@Q‘gﬁgn@gf%t? PrReNeAG NGRS PG@C}‘?&‘FE é@@%ﬁ&ﬁ 2{H5N). The

reaction mixture was cooled with ice and 70 g of ammonia WaS own Into t mixture under stlrrlng
Subsequently, diyIjirpgen dpgamas Rlevd datpee iidd Ry alceitfraeaetaatBixiie fgaa@dninutes to

remove excessive ammonia. [0096]
acid salts such as nitrate and sulfate, and hydroxides. Specific
examples of suitable metal salts include, for example, LaCls,
CeCls, TiCl,, ZrCl,, VCly4, CrClg, WCIg, MNCl,, FeCls, CoCl3, NiCl;,
PdCI,, CuCl,, AgCI, ZnCl,, AICI3, InCl3, SnCl,, SnCl,, BiCls, PtCl,,
La(CHsC00)3, Ce(CH3C00)3, Cr(CHsC00)2, Mn(CH3C00),, Fe(CHsCO0),,
Co(CH3C00),, Ni(CH3C00)2, Pd(CH3C00),, Pd(C2HsC00)2, Cu(CH3CO0),,
Ag(CHsC00), Zn(CH3CO0)2, IN(CH3CO0)3, Sn(CH3CO0)4, Sn(CHsCO0)-,
Pb(CH3sC00),, La(CHsCOCHCOCH3)3, Ce(CHsCOCHCOCH3)s3,
Zr (CHsCOCHCOCH3)4, V(CH3COCHCOCH3)4, Cr(CHsCOCHCOCH3)s,
Co(CH3COCHCOCH3)2, Co(CH3COCHCOCH3)3, Ni(CH3COCHCOCH3)2,
Pd(CH3COCHCOCH3)2, Ag(CH3COCHCOCH3), Zn(CH3COCHCOCH3)2, and
Al (CH3COCHCOCH3) 3.
[0072]

The basic organic compound, which is brought into contact
with the metal salt described above, may include primary,
secondaryor tertiaryamines, pyridines, andother stronglybasic
organic compounds. The basic organic compound may be gaseous
or liquid form when i1t is brought into contact with the metal

salt.

[0073]
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The resulting product was filtered under reduced pressure in a dry nitrogen gas atmosphere using a
Buchner funnel to give 1,200 ml of a filtrate. Pyridine was distilled away from the filtrate us ing an
evaporator to give 40 g of perhydropolys ilazane A number average molecular weight of the resulting
perhydropolysilazane was measured by GPC (developing solution: CDC13) and was 800 in terms of
polystyrene standard. The IR (infrared absorption) spectra were measure and it was confirmed that the
perhydropolysilazane obtained has absorptions at a wavelength (cnil) of about 3,350 and 1,200 based on
N-H, at a wavelength o$ReCAFbasedanp be41 ofndiad p niavaigngiecbhdd/ i@ B20vaded gn Si-N-Si.
[0097] <Synthesis Example 2: Synthesis of Organic Polysilazane> Polysilazane was synthesized by
co-ammonolysigf zegitined s or g hnatiygictidrsiave and 250 §roftHyRrITdHBrosilane with
liquid ammonia. To 250 g of the resulting polysilazane_ was added_34.1 g of 3-amingpropyltriethoxysilane
at 23C and the FRRLFe MO EaBATS PSR HEA o5 LrHAGheRE Wefror 2 RP¥n@PaRiRs. Subsequenty, it

was allowed to i an p I er f for 12 a n the
temperature theﬁﬁd}}%\/\g@ ra%ﬁe%? gfaﬁgmﬁ %éa E)ﬁrﬁl% Ho?glrg}/g u%%%?%ﬁr]rﬁg% X er tﬂeitgegrﬁperature of the
hot plate reachqg yiSGereamirerepuat g ¥repd fs flismDeus sl the tea B9l Rlahwas turned off.
Dry nitrogen gas was sent into the mixture and the mixture was stirred by bubbling until the temperature
thereof was dedreagddan emut @BE>AM oagdmie pdyditezank eitheegerteatidrnsular(@) wherein R2 to R4
eachis a methyl group or hydrogen, m : n =4 : 96, and R1 is a group of the general formula () in which
L1= -NH-, L2= {hepyil- apine . pEE ey Ranieg 26FB/\l a8 thit8in <t 2 kY R Hrage molecular

weight of the reguliin organic ol¥]silaz ne was measure brX'GPC developin soéut(ijon: %DClS) and
was 850 in terme &f %gtWe'% Sta%%{?d?rﬂf(%& 1hofy Qarh'ﬂ?e’s ane E%ﬁfp ratve Exa ples described
below, inorganigrpﬂlgésilagﬁ@gfplgﬁilqﬁ% Al grg %geapg@_orgggigigqlxs@é@ﬂ sQlutipndelwere prepared

by the following methods. Furthermore, transformations of the films were performed by "Transformation of
Film" (1) to (4) gesaribiatbbelive [0089py Pigliajioniafd norgani¢ Ralydilrzansysehiivire, Using the
inorganic polys ilazane synthesized in Synthesis Example 1, the following solutions were prepared. (Al):
Into a 100-ml gk kstakenevepd thitbautiderc Sorheficrieydopbasitlz atdebtakeenalSynthesis
Example 1 and 63.2 g of dibutyl ether and then 0.8 g (5.0 % by weight to the perhydropolysilazane) of
tetramethylhex&i3S BarRiRARES £RMRPIH IR HLEMH polysilazane solution under stirring with a stirrer to

prepare a solutipnLoiaining ADOKL 8 % 3 VAiMuecene (0BUY.,
1,5-diazabicyclo[4.3.0]-5-nonene (DBN), and the like.
Particularlypreferablebasic compounds inthe present invention
are primary amines, secondary amines, DBU and DBN.
[0074]

When thiscatalystisused, first, themetal saltisbrought
into contact with the basic organic compound. With respect to
this contact ratio, the basic organic compound may be brought
into contact with the metal salt in an amount enough to obtain
desired effects. In general, the amount of the basic organic
compound may be from 0.01 to 50 moles per mole of the metal salt,
preferably 1 to 10 moles. |If the amount of the basic organic

compound brought into contact with one mole of the metal salt
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of the inorganic polysilazane in dibutyl ether. (A2): Into a 100-ml glass beaker were introduced 16 g of
the perhydropolysilazane obtained in Synthesis Example 1 and 64 g of dibutyl ether to prepare a solution
containing 20 %byweight of the inorganic polysilazane in dibutyl ether. [0100] <Preparation of Organic
Polysilazane Solution> Using the organic polysilazane synthesized in Synthesis Example 2 described
above, the following solution was prepared. (B1): Into a 100-ml glass beaker were introduced 16 g of the
organic polysilazane obtained in Synthesis Example 2 and 64 g of dibutyl ether to prepare a solution
containing 20 %akyheightiedrilte Olgewile palysiibranganidiipayl/etinkazEHOAhd Tramstayarakon of Film> (1)
After the film was pre-baked on a hot plate at 80C for 5 minutes, it was further baked at 200C for 30
minutes and wadNGieEdasstaHdct et sdtRHIbthrfsph&e lbr Bodagae (XA fRr the film was

pre-baked on a hot plate at 80C for_.5 minutes, it was further baked at 200C for 30 minutes, followed by
furthermore bl AGSR SBBETTDALRAG SR ASFRAR VeatPQBANE S KRS P ATRHITR bre-baked on a

hot plate at 80 M}uérgj%%ﬁ%e ‘éﬁ‘@iﬁﬂrw&?ﬁﬂ? @i;%ﬁé%%fgifﬁngi@ﬁ“h'*ﬁh@g%&? Dy djyrthermore

baking at 400Ctor er 30 minutes on ahot plate. was allowed to stand at 23C in a 60

RH% atmosphesg feie setis r[Bhd], <xamneleleontade andifirinbglagsebsakee weigapdcd.0 g of the

inorganic polysilazane solution (Al) and 15 . 0 g of the organic polys ilazane solution (B1) and then 13.3 g
of dibutyl ether ecspadaded thenetoe hanitbéh e bes ,whisessrticipid iy sofutihe artbrgasdlation was
stirred by the bubbling for 3 minutes to prepare a coating solution containing 12 % by weight of the

inorganic and tiRe bY§diaFINsiRA RS ONE RN LARGTRE of Yhd Fb RIS BredhEbiERfic

polysilazanes is,a total amount and the inarganjc polysjlazane : the organic polysjlazane,is 1: 3. The
Fesuling solichALSE AEe! Ghe S9LG LTEBLa st tia ] S ERNSLT 8% SHAWENG spin conter (at

500 rpm for 5 speqnqs Aphelat AL PALRD B £hIECeBRbLAHIP IR KAy RS gHRiscted to

Transformation (1) and then a film thickness anda refractive index at 633 nm of the film were measured
using an ellipsogeetesctanidasiimadychvpaliam Co. As a result, the film thickness was 230 nm and the
refractive index was 1.33. It was confirmed that the film surface has a rough shape having unevenness

and an air layerll®0# SEM observation of the cross-section of the film. A SEM photograph of the

cross-section of the film is shown in Fig. 1. ) L
When the product obtained by bringing the salt of at least

one metal selected from the group consisting of transition

elements into contact with the basic organic compound is added
as a catalyst, the inorganic polysilazane, the organic polymer,
and the metal salt are mixed in a weight ratio of the metal
salt/(the inorganic polysilazane and the organic polymer) of
generally0.0001to00.5, preferably0.001t00.2. Whentheamount
of the metal salt mixed is more than this amount, the molecular
weights of the inorganic polysilazane and the organic polymer
are excessively increased, thus resulting In occurrence of

gelation. On the other hand, when it is less than this amount,
sufficienteffects cannotbe attained. Themixingispreferably
performed in an inert atmosphere such as a nitrogen gas or argon

gas atmosphere, but it is possible to perform the mixing in an
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[0103] <Example 2> A film was formed in the same manner as in Example 1 except that a translation
of the film was performed by Transformation of Film (2). The film thickness was 220 nm and the refractive
index was 1.31. [0104] <Example 3> A film was formed in the same manner as in Example 1 except
that a translation of the film was performed by Transformation of Film (3). The film thickness was 230 nm
and the refractive index was 1.30. [0105] <Example 4> A film was formed in the same manner as in
Example 1 except that a translation of the film was performed by Transformation of Film (4). The film
thickness was 236 dizand themefspbive irslexhwas 1lid5aill06] <Example 5> A film was formed in
the same manner as in Example 1 except that 4 g of the inorganic polysilazane solution (Al), 16 g of the
organic polysilak8@é6sbiution (B1), and 10.8 g of dibutyl ether were used. The film thicknes s was 250 nm

h f 1. 107] <E le 6>
and t ereracnvelﬁgﬁxgﬁﬁlt§geég 07] <Example 6

The composition according to the present invention may
include other additive components if necessary. Such a
component may include, for example, a viscosity modifier, a
crosslinking accelerator, and the like. When applied to a
semi-conductor device, phosphorous compounds such as
tris(trimethylsilyl)phosphate may be contained in the
composition for obtaining a gettering effect of sodium.
[0077]

(Solvent)

The composition of the present invention may contain a
solvent. The solvent is not particularly limited so long as
the components, that is, the inorganic polysilazane, the organic
polymer, the catalyst, and the additives canbe dissolved therein.
Preferable examples of the solvent include specifically the
following solvents.

[0078]

(a) Aromatic compounds such as benzene, toluene, xylene, ethyl
benzene, diethyl benzene, trimethyl benzene, and triethyl
benzene;

(b) saturated hydrocarbon compounds such as n-pentane, i-pentane,
n-hexane, 1-hexane, n-heptane, i-heptane, n-octane, i-octane,

n-nonane, i-nonane, n-decane, and i-decene;
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A film was formed in the same manner as in Example 1 except that 6 g of the inorganic polysilazane
solution (Al), 12 g of the organic polysilazane solution (B1), and 14.7 g of dibutyl ether were used. The
film thicknes s was 230 nm and the refractive index was 1.35. [0108] <Example 7> A film was formed
in the same manner as in Example 1 except that 3 g of the inorganic polysilazane solution (Al), 15 g of the
organic polysilazane solution (B1), and 4.5 g of dibutyl ether were used. The film thicknes s was 240 nm
and the refractive index was 1.39. [0109] <Example 8> A film was formed in the same manner as in

Example 1 excet)tzk iz gof ibehporgaic ppmlystapanmds| st (Ad) ethglot il orgatEagolysilazane
solution (B1), and 4.5 g of dibutyl ether were used. The film thicknes s was 240 nm and the refractive
index was 1.35M@thyl <alepeogre. oy gikahexanermey ol ehexanre. niarhrnERARSExample 1 except
that 6 g of the inorganic polysilazane solution_(Al), 9 g of the organic polysilazane solution (B1), and 12.3

g of dibutyl ethéjr%éﬂéf Qgé?a‘?‘ﬁﬁéffmﬁ%ﬂ%kn%épfﬂlﬁ%@o HWQ_H@Qﬁe rBftdctiv® Mifewas 1.39. [0111]
;E)r(gz;nnpi)éep%)(l);sifg aﬁgﬂs%u\é[t%%rl]%ﬁ%a&%ﬁ?&aﬁrﬁfbﬁ;@%e o) ut?o%%%?fz‘in 1 rg g(;) fo:‘hdeibutyl
ether were usegheth§ filFdPekneeya Waend20 (e pPaFhREUSf aediFerpdaxtivaad - SHTER1Y)

and anisole; and

(e) ketones such as methyl isobutyl ketone (hereinafter referred

to as "MIBK"™), and the like.

[0079]

Of these, (b) saturated hydrocarbon compounds, (c)
alicyclic hydrocarbon compounds, (d) ethers, and (e) ketones
are more preferable.

[0080]

These solvents may be used as a mixture obtained by mixing
two or more kinds thereof properly for controlling the
evaporation speed of the solvent, reducing the harmfulness to
human bodies, and controlling the solubility of each component.
[0081]

Commercially available solvents may be used as such a
solvent. For example, PEGASOL AN 45, PEGASOL 3040, EXXOL D 30,
EXXOL D 40, EXXOL D 80, SOLVESSO 100, SOLVESSO 150, ISOPAR H,
ISOPAR L (trade names; manufactured by Exxon Mobi Il Corporation);
New Solvent A (a trade name; manufactured by JX Nippon Oil &
Energy Corporation); ShellSol MC 311, ShellSol MC 811, Sol Eight

Delux, New Shell Bright Sol (trade names; manufactured by Shell
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<Example 11> A film was formed in the same manner as in Example 1 except that 8.6 g of dibutyl
ether were used. The film thickness was 290 nm and the refractive index was 1.34. [0113] <Example 12>
A film was formed in the same manner as in Example 1 except that 24.4 g of dibutyl ether were used. The
film thickness was 160 nm and the refractive index was 1.37. [0114] <Example 13> A film was
formed in the same manner as in Example 1 except that 46.7 g of dibutyl ether were used. The film
thickness was 110 nm and the refractive index was 1.39. [0115] <Example 14> A low refractive film
was formed in tohespine hsadapaaslind=Rasude doexeantithhd diliyl ddiel evasdathesedabhe film
thickness was 470 nm and the refractive index was 1.39. [0116] <Example 15> A low refractive film
was formed in tAdsarkie mi&eser as in Example 3 except that an inorganic polysilazane solution (A2) was
used instead of the injrganic polysilazane solution (Al). The film thickness was 200 nm and the refractive

index was 1.36. <Comparative Example 1> A film was formed in the same manner as in
Example 1 except that? é'i‘8i%ﬁﬂi8 %y&' azap 'oHa(@p gq qf W%Bigﬂg‘i lysilazane
solution (B1), and 14 go?%%ut@fether were usedg. The ?imfé]r{tlﬁ%cknessn\%as 280 nm and the Tefractive index

was 1.43. A SEM-ehsenatineef hwisressrsasiionsafig iimshsviad e fi sefasedad a
comparatively smooth shape. A SEM photograph of the cross-section of the film was shown in Fig. 2.
preferable to use solvents, as the solvents described above,
having a low volatility as follows:
[0083]
(bl1) n-pentane, i-pentane, n-hexane, 1I-hexane, n-heptane,
i-heptane, n-octane, i-octane, n-nonane, i-nonane, n-decane,
or i1-decane;
(cl) ethyl cyclohexane, methyl cyclohexane, cyclohexane,
cyclohexene, p-menthane, or dipentene;
(d1) dipropyl ether, dibutyl ether, or MTBE; and
(el) MIBK.
[0084]

Of these solvents, dibutyl ether is particularly
preferable because a fine uneven structure is formed on the film
surface after applying, and it is possible to use the solvent
described above within a range where the solubility and the
effects of the present invention are not impaired.

[0085]
(Method for Forming Low Refractive Index Film)
The low refractive index film according to the present

invention is formed by applying the composition described above
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[0118] <Comparative Example 2> A film was formed in the same manner as in Example 1 except that
3 g of the inorganic polysilazane solution (Al), 27 g of the organic polysilazane solution (B1), and 5.3 g of
dibutyl ether were used. The film thicknes s was 240 nm and the refractive index was 1.45. A SEM
observation of the cross-section of the film showed that the film surface had a comparatively smooth
shape. A SEM photograph of the cross-section of the film is shown in Fig. 3. [0119] <Comparative
Example 3> A film was formed in the same manner as in Example 1 except that 10 g of the inorganic

polysilazane sotistien $AhsQiatbthas drganicgfaysilarahsotutiqpo i eandiOrgeftdihgtyd ether were
used. The film thickness was 250 nm and the refractive index was 1.47. [0120] <Comparative Example 4>
A film was form&@an kikesanld ni@eessad i Example 2 except that 10 g of the inorganic polysilazane
solution (Al), Ogg%gth organic polysilazane solution (B1), and 10 gof dibutyl ether were used. The film
thickness was Rfland the refractive index was 1.45. [0121] <Comparative Example 5> A film

o e e s ARACEPRR ORI SIS NSy pane gy ane olon,

was 230 nm angddhe refiraig inded v&@$ Atb.preferable examples thereof include
transparent substrates suchasglassandplastics. Inaddition,
the substrate may be opaque substrates suchasasiliconsubstrate.
The substrate may be in a shape of a plate, a film or a block,
and the surface thereof may be flat or curbed. Any glass which
has been conventional ly known may be used as the glass material.
Any plastic material which has been conventionally known may
also be used. Examples thereof may include polyester resins
such as polyethylene terephthalate, polybutylene terephthalate,
polyethylene naphthalate, polyethylene
terephthalate-isophthalate copolymers, terephthalic
acid-cyclohexane dimethanol-ethylene glycol copolymers, and
co-extruded films of polyethylene terephthalate/polyethylene
naphthalate; polyamide resins such as nylon 6, nylon 66, and
nylon610; polyolefinresinssuchaspolyethylene, polypropylene,
and polymethyl pentene; vinyl resins such as polyvinyl chloride;
acrylic resins such as polyacrylate, polymethacrylate, and
polymethyl methacrylate; imide resins such as polyimide,
polyamideimide, and polyether imide; engineering resins such
as polyacrylate, polysulfone, polyether sulfone, polyphenylene

ether, polyphenylene sulfide (PPS), polyaramide, polyether
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[0122] <Comparative Example 6> A film was formed in the same manner as in Example 1 except that
0 g of the inorganic polysilazane solution (Al), 12 g of the organic polysilazane solution (B1), and3 gof
dibutyl ether were used. The film thickness was 260 nm and the refractive index was 1.44. <Comparative
Example 7> A film was formed in the same manner as in Example 2 except that 0 g of the inorganic
polysilazane solution (Al), 12 g of the organic polysilazane solution (B1), and3 gof dibutyl ether were
used. The film thickness was 260 nm and the refractive index was 1.44. [0123] <Comparative Example 8>
A film was formkétioribe pabhettannei 86 il & xaolyle thexcethidindki e grad fhaanthoodgeithzatysilazane
solution (Al), 12 g of the organic polysilazane solution (B1), and3 gof dibutyl ether were used. The film
thickness was ZB0 hikkend ey eafraanatedskwene nas jopaych agpe liskpssitiond détforming a low
refractive index film of Examples 1 to 15, the films formeéj using these compositions of Examples, the

compositions fol BRI AFREER VRIS AT ofEGARR AR BRantILLU 858, BhEims formed

Zzi)”g these CorupaRUANOf fSYRRALAILE FABRIEH R SYNRa e N DG AiRIQRA{RL25] Ocrd CC9

cellulose diacetate, and cellulose acetate butyrate, and the
like. Another functional layer such as a hard coating layer
may be formed on the substrate.

[0087]

As a method for applying the composition on a surface of
the substrate, there are raised conventionally known methods,
for example, any method ofaspin-coatingmethod, adippingmethod,
a spraying method, a roller coating method, a transfer method,
a slit-coating method, and printing methods such as a gravure
printingmethod. Adryingstep of the coated filmmay be provided
separately, if desired. The coated film may be made to an
intended thickness by applying the composition once or two or
more times, if necessary.

[0088]

The film coated on the surface of the substrate may be
allowed to stand at an ordinary temperature in an atmosphere
including steam, oxygen gas or mixed gas thereof, 1.e. an
oxidizing atmosphere, thereby transforming the composition; or
may be pre-baked after application of the composition if
necessary, followed by baking a coated film with heating and

then being allowed to stand at an ordinary temperature as

34



xpITT CA 7901701 9V cU)c06.T LCcOcLi-,ry: 6P, T

described above or being further baked with heated steam after
the aforementioned baking to transform the composition. The
pre-baking may be performed, for example, on a hot plate at a
temperature of 40 to 80°C for about 5 to 15 minutes. The baking
with heating described above is performed by baking at a low
temperature of, for example, about 120°C to 200°C for about 5
minutes to about 60 minutes and then allowing the film to stand
in the oxidizing atmosphere described above. After the baking,
further baking may be performed at a high temperature of, for
example, about 250 to about 450°C for about 15 minutes to about
120 minutes. The baking using heated steam may be performed
using steam having a temperature of about 100°C to about 350°C
for about 30 minutes to about 120 minutes.

[0089]

(Antireflective Film)

A low refractive index film can be formed using the
composition for forming a low refractive index of the present
invention. As described above, i1t can be considered that the
film formed using the composition of the present invention has
a fine uneven structure having differences in level formed on
the surface of the film after the transformation of the
composition, and in spite of a single layer, different optical
properties of the surface part of the film and the inside of
the film appear by the formation of the air layer due to the

uneven structure and the single layered film shows optical
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properties like amultilayer film. For that reason, iIn the case
where the low refractive index Tilm of the present invention
is used as an antireflective Tilm of a single layer, if the
thickness of the film is too thin, the optical properties like
the multilayer film cannot be shown. On the contrary, if the
thickness of the film is too thick, a ratio of the uneven layer
occupying the film is decreased. The thickness of the film is,
therefore, preferably from 100 to 500 nm, more preferably from
150 to 300 nm. In addition, the uneven layer has preferably
a thickness of about 50 to 150 nm.

[0090]

When the low refractive index filmof the present invention
is used as an upper layer of the antireflective film having the
multilayer film structure, the high refractive index layer may
be a known layer having a refractive index of about 1.44 to 2.00.
As the known high refractive index layer, there are exemplified
a film formed from an inorganic polysilazane, a film formed from
at least one compound selected from high refractive index fine
particles such as ZznO, Ti0,, Y,03, ZrO,, Al,03, ITO, Sby,0s, CeO,,
Sn0,, and Iny03, a film in which high refractive index fine
particles are dispersed in an inorganic polysilazane, and the
like. Thefilmthicknesscanbeappropriatelydesignedtoobtain
desired optical properties. Although the film thickness is not
necessarily limited to the following ranges, it is preferable

that the low refractive index film has a thickness of 100 to
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500 nm and the high refractive index film has a thickness of
50 to 500 nm, and it is more preferable that the low refractive
index filmhas a thickness of 150 to 300 nm and the high refractive
index film has a thickness of 100 to 300 nm.

[0091]

The thickness of the film and the refractive index (633
nm) are measured by using an ellipsometer. The film formed by
using the compositionof the present invention shows arefractive
index of 1.30 to 1.40 which i1s less than a refractive index of
1.45 obtained after the transformation of the i1norganic
polysilazane alone or a refractive index of 1.40 obtained after
the transformation of the organic polysilazane alone. The film
is, accordingly, useful as an antireflective film for a display
used in cell phones, computers, televisions and the like, an
optical component used in cameras, copying machines, facsimile
machines, laser beam printers and the like, touch panels,
windowpanes for display or residential use, glasses, and the

like.

EXAMPLES
[0092]

Hereinafter, the present invention will be more
specifically explained with reference to Examples and
Comparative Examples but the present invention is not limited

to these Examples and Comparative Examples. 1In addition, the
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following apparatuses were used in the measurement.
[0093]
GPC: RID-10A manufactured by Shimadzu Corporation
Spin Coater: 1H-360 S manufactured by Mikasa Co., Ltd.
Film Thickness Gauges: VUV 302 Ellipsometer manufactured by J.
A. Woollam Japan Co., Inc.
[0094]
<Synthesis Example>
First, Synthesis Examples of the inorganic polysilazane
and the organic polysilazane in the present invention are shown
below.
[0095]
<Synthesis Example 1: Synthesis of Inorganic Polysilazane>
A gas-blowing tube, a mechanical stirrer, and a Dewar
condenser were attached to a one-liter four-neck flask. After
the inside of the reactor was substituted by dry nitrogen gas
from which oxygen gas was removed, 1,500 ml of dry pyridine
degassed was put into the four-neck flask and cooled with ice.
Next, 100 g of dichlorosilane was added thereto to generate a
white solid adduct (SiH.ClI,-2CsHsN). The reaction mixture was
cooled with i1ice and 70 g of ammonia was blown into the mixture
under stirring. Subsequently, dry nitrogen gas was blown into
a liquid layer of the reaction mixture for 30 minutes to remove
excessive ammonia.

[0096]
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The resulting product was filtered under reduced pressure
in a dry nitrogen gas atmosphere using a Buchner funnel to give
1,200 ml of a filtrate. Pyridine was distilled away from the
filtrate using anevaporator togive 40 g of perhydropolysilazane.
A number average molecular weight of the resulting
perhydropolysilazane was measured by GPC (developing solution:
CDCI3) and was 800 in terms of polystyrene standard. The IR
(infrared absorption) spectra were measure and it was confirmed
that the perhydropolysilazane obtained has absorptions at a
wavelength (cm™) of about 3,350 and 1,200 based on N-H, at a
wavelength of 2,170 based on Si-H, and at a wavelength of 1,020
to 820 based on Si-N-Si.

[0097]
<Synthesis Example 2: Synthesis of Organic Polysilazane>

Polysilazane was synthesized by co-ammonolysis of a
mixture of 500 g of methyldichlorosilane and 250 g of
dimethyldichlorosilane with liquid ammonia. To 250 g of the
resulting polysilazane was added 34.1 g of
3-aminopropyltriethoxysilane at 23°C and the mixture was stirred
for one hour using a magnetic stirrer and stirrer chips.
Subsequently, it was allowed to stand in an atmosphere having
atemperature of 23°C for 12 hours and then the temperature thereof
was raised gradually to 78°Conahot plate under stirring. After
the temperature of the hot plate reached 78°C, the mixture was

stirred for further 2 hours and then the hot plate was turned

39



Cr)

(-A (,) aelmtcci.

off. Dry nitrogen gas was sent into the mixture and the mixture
was stirred by bubbling until the temperature thereof was
decreased to about 23°C. An organic polysilazane of the general
formula (11) wherein R? to R* each is a methyl group or hydrogen,
m:n=4: 96, and R is a group of the general formula (I)
in which L; = -NH-, L, = -CH,-, P1 =P, =1, P3 =0, and Rg = -CH>CH3
wasobtained. Anumber averagemolecularweightofthe resulting
organic polysilazane was measured by GPC (developing solution:
CDCI3) and was 850 in terms of polystyrene standard.

[0098]

In Examples and Comparative Examples described below,
inorganic polysilazane solutions Al and A2, and an organic
polysilazane solution Bl were prepared by the fol lowing methods.
Furthermore, transformations of the films were performed by
“"Transformation of Film™ (1) to (4) described below.

[0099]
<Preparation of Inorganic Polysilazane Solution>

Using the inorganic polysilazane synthesized in Synthesis
Example 1, the following solutions were prepared.

(A1l): Into a 100-ml glass beaker were introduced 16 g of the
perhydropolysilazane obtained in Synthesis Example 1 and 63.2
g of dibutyl ether and then 0.8 g (5.0 % by weight to the

perhydropolysilazane) of tetramethylhexane diamine was added
to the resulting polysilazane solution under stirring with a

stirrer to prepare a solution containing about 20 % by weight
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of the inorganic polysilazane in dibutyl ether.
(A2): Into a 100-ml glass beaker were introduced 16 g of the
perhydropolysilazane obtained iIn Synthesis Example 1 and 64 g
of dibutyl ether to prepare a solution containing 20 % by weight
of the inorganic polysilazane in dibutyl ether.
[0100]
<Preparation of Organic Polysilazane Solution>

Using the organic polysilazane synthesized in Synthesis
Example 2 described above, the following solution was prepared.
(B1): Into a 100-ml glass beaker were introduced 16 g of the
organic polysilazane obtained in Synthesis Example 2 and 64 g
of dibutyl ether to prepare a solution containing 20 % by weight
of the organic polysilazane in dibutyl ether.
[0101]
<Transformation of Film>
(1) After the film was pre-baked on a hot plate at 80°C for 5
minutes, it was further baked at 200°C for 30 minutes and was
allowed to stand at 23°C under a 60 RH% atmosphere for 3 days.
(2) After the film was pre-baked on a hot plate at 80°C for 5
minutes, it was further baked at 200°C for 30 minutes, followed
by furthermore baking at 100°C for further one hour with heated
steam.
(3) After the Tilm was pre-baked on a hot plate at 80°C for 5
minutes, 1t was further baked at 200°C for 30 minutes, fol lowed

by furthermore baking at 400°C for further 30 minutes on a hot
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plate.

(4) The film was allowed to stand at 23°C in a 60 RH% atmosphere

for 3 days.
[0102]

<Example 1>

To a 100-ml glass beaker were put 5.0 g of the inorganic

polysilazane solution (Al) and 15.0g of the organic polysilazane

solution (B1) and then 13.3 g of dibutyl ether was added thereto.

Dry nitrogen gas was sent into the solution and the solution

was stirred by the bubbling for 3 minutes to prepare a coating

solutioncontaining12%byweightof the inorganicand theorganic

polysilazanes inwhich the amountof the inorganic and the organic

polysilazanes is a total amount and the inorganic polysilazane :

the organic polysilazane is 1 : 3. The resulting solution was

applied on a 4-inch silicon wafer having a thickness of 0.5 mm

with a spin coater (at 500 rpm for 5 seconds and then at 1,000

rpm for 20 seconds). After that, the film was subjected to

Transformation (1) and then a film thickness and a refractive

index at 633 nm of the film were measured using an ellipsometer

manufactured by Woollam Co. As a result, the film thickness

was 230 nm and the refractive index was 1.33. 1t was confirmed

that the film surface has a rough shape having unevenness and

an air layer by the SEM observation of the cross-section of the

film. A SEMphotograph of the cross-section of the film is shown

in Fig. 1.
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[0103]
<Example 2>

A filmwas formed in the same manner as in Example 1 except
that a translation of the film was performed by Transformation
of Film (2). The film thickness was 220 nm and the refractive
index was 1.31.
[0104]
<Example 3>

A filmwas formed in the same manner as 1n Example 1 except
that a translation of the film was performed by Transformation
of Film (3). The film thickness was 230 nm and the refractive
index was 1.30.
[0105]
<Example 4>

A filmwas formed in the same manner as in Example 1 except
that a translation of the film was performed by Transformation
of Film (4). The film thickness was 230 nm and the refractive
index was 1.35.
[0106]
<Example 5>

A filmwas formed in the same manner as 1n Example 1 except
that 4 g of the inorganic polysilazane solution (Al), 16 g of
the organic polysilazane solution (B1), and 10.8 g of dibutyl
etherwereused. The filmthicknesswas 250 nmand the refractive

index was 1.35.
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[0107]
<Example 6>

A filmwas formed in the same manner as in Example 1 except
that 6 g of the inorganic polysilazane solution (Al), 12 g of
the organic polysilazane solution (B1), and 14.7 g of dibutyl
etherwereused. The filmthicknesswas 230 nmand the refractive
index was 1.35.
[0108]
<Example 7>

A filmwas formed in the same manner as in Example 1 except
that 3 g of the inorganic polysilazane solution (Al), 15 g of
the organic polysilazane solution (B1l), and 4.5 g of dibutyl
etherwereused. The filmthicknesswas 240 nmand the refractive
index was 1.39.
[0109]
<Example 8>

A filmwas formed in the same manner as in Example 1 except
that 3 g of the inorganic polysilazane solution (Al), 15 g of
the organic polysilazane solution (B1), and 4.5 g of dibutyl
etherwereused. The filmthicknesswas 240 nmand the refractive
index was 1.35.
[0110]
<Example 9>

A filmwas formed in the same manner as in Example 1 except

that 6 g of the inorganic polysilazane solution (Al), 9 g of
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the organic polysilazane solution (B1), and 12.3 g of dibutyl
etherwereused. The filmthicknesswas 220 nmand the refractive
index was 1.39.
[0111]
<Example 10>

A filmwas formed in the same manner as in Example 2 except
that 6 g of the inorganic polysilazane solution (Al), 9 g of
the organic polysilazane solution (B1), and 12.3 g of dibutyl
etherwereused. The filmthicknesswas 220 nmand the refractive
index was 1.36.
[0112]
<Example 11>

A filmwas formed in the same manner as in Example 1 except
that 8.6 g of dibutyl ether were used. The film thickness was
290 nm and the refractive index was 1.34.
[0113]
<Example 12>

A filmwas formed in the same manner as in Example 1 except
that 24.4 g of dibutyl ether were used. The film thickness was
160 nm and the refractive index was 1.37.
[0114]
<Example 13>

A filmwas formed in the same manner as in Example 1 except
that 46.7 g of dibutyl ether were used. The film thickness was

110 nm and the refractive index was 1.39.
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[0115]
<Example 14>

A low refractive film was formed in the same manner as
in Example 1 except that dibutyl ether was not used. The film
thickness was 470 nm and the refractive index was 1.39.
[0116]
<Example 15>

A low refractive film was formed in the same manner as
in Example 3 except that an inorganic polysilazane solution (A2)
was used instead of the i1norganic polysilazane solution (Al).
The film thickness was 200 nm and the refractive index was 1.36.
[0117]
<Comparative Example 1>

A filmwas formed in the same manner as in Example 1 except
that 7 g of the inorganic polysilazane solution (Al), 7 g of
the organic polysilazane solution (B1), and 14 g of dibutyl ether
were used. The film thickness was 200 nm and the refractive
index was 1.43. A SEM observation of the cross-section of the
film showed that the film surface had a comparatively smooth
shape. A SEM photograph of the cross-section of the film was
shown iIn Fig. 2.
[0118]
<Comparative Example 2>

A filmwas formed in the same manner as in Example 1 except

that 3 g of the inorganic polysilazane solution (Al), 27 g of
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the organic polysilazane solution (B1), and 5.3 g of dibutyl
etherwereused. The filmthicknesswas 240 nmand the refractive
index was 1.45. A SEM observation of the cross-section of the
Tfilm showed that the film surface had a comparatively smooth
shape. A SEM photograph of the cross-section of the film is
shown in Fig. 3.
[0119]
<Comparative Example 3>

A filmwas formed in the same manner as 1n Example 1 except
that 10 g of the inorganic polysilazane solution (Al), O g of
the organic polysilazane solution (B1), and 10 g of dibutyl ether
were used. The film thickness was 250 nm and the refractive
index was 1.47.
[0120]
<Comparative Example 4>

A filmwas formed in the same manner as in Example 2 except
that 10 g of the inorganic polysilazane solution (A1), O g of
the organic polysilazane solution (B1), and 10 g of dibutyl ether
were used. The Ffilm thickness was 250 nm and the refractive
index was 1.45.
[0121]
<Comparative Example 5>

A filmwas formed in the same manner as in Example 3 except
that 10 g of the inorganic polysilazane solution (A1), O g of

the organic polysilazane solution (B1), and 10 g of dibutyl ether
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were used. The film thickness was 230 nm and the refractive
index was 1.45.
[0122]
<Comparative Example 6>

A filmwas formed in the same manner as in Example 1 except
that 0 g of the inorganic polysilazane solution (Al), 12 g of
the organic polysilazane solution (B1), and 3 g of dibutyl ether
were used. The Ffilm thickness was 260 nm and the refractive
index was 1.44.
<Comparative Example 7>

A filmwas formed in the same manner as 1n Example 2 except
that 0 g of the inorganic polysilazane solution (Al), 12 g of
the organic polysilazane solution (B1), and 3 g of dibutyl ether
were used. The film thickness was 260 nm and the refractive
index was 1.44.
[0123]
<Comparative Example 8>

A filmwas formed in the same manner as in Example 3 except
that 0 g of the inorganic polysilazane solution (Al), 12 g of
the organic polysilazane solution (B1), and 3 g of dibutyl ether
were used. The film thickness was 250 nm and the refractive
index was 1.44.
[0124]

The compositions for forming a low refractive index film

of Examples 1 to 15, the films formed using these compositions
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of Examples, the compositions for forming a low refractive index
Tilmof Comparative Examples 1 to 8, and films formed using these
compositions of Comparative Examples are summarized in Table
2 below.

[0125]
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composition for forming a low refractive index film comprising (A) an inorganic polysilazane and (B) at
least one organic polymer selected from a silazane-containing organic polymer, a siloxazane-containing
organic polymer, and an ureas ilazane-containing organic polymer, wherein a ratio of (A) : (B) is from 40 :
60 to 17 : 63 by weight. 2. The composition for forming a low refractive index film according to claim
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-1)3 wherein L1 bonds to Si of the organic polymer; L1 and L2 are each independently -CH2-, -NR5- in
which R5 is a hydrogen atom or a C1- C4 hydrocarbon group, 0, S, OC(-0) in which an oxygen atom
bonds to Si, provided that L2 may be absent; R6 and R7 are each independently a hydrogen atom, an
alkyl group, an alkenyl group, a cycloalkyl group, an aryl group; P1 and P2 are each independently an
integer of O to 4; and P3 is an integer of O to 3. 3. The composition for forming a low refractive index
film according to claim 2, wherein the silazane-containing organic polymer is a silazane-containing
organic polymecreanesented by the formula (I1):  wherein R1 is a group represented by the formula (1)
described above; R2, R3, and R4 are each independently a hydrogen atom, an alkyl group, an alkenyl
group, a cycloalkyl group, an aryl group, an alkylsilyl group, an alkylamino group or an alkoxy group; and
m and n show a molar ratig of the structure and m : n js from 50 : 50 to 1 : 99. 4, Thﬁqgomposition for

forming a low refractivéin&g?‘ﬁﬂﬂ%l:‘éf&ﬂ it aﬁ?/rgﬂéfgf%_léf?ﬂ’sr_ffdr §F§’§/hYc91 WdRS Eb rises a
solvent. 5. T@g@rﬁggélg @A fJWW&%ﬂ%XJ Eﬂ% £1'] g%é‘llghacg%s(rjgg tPe%@ﬁoé\‘?eOf claims 1to

4, which further comp catalyst. . e for forming a lo ractive index film comprising

the steps of applyianthe gapasHosPe taidaingrdI0M refiashvndexnitan aseey dhrgim eim 4 or 5 onto
a substrate and transforming the composition for forming a low refractive index film. 7. A low
refractive indexdidhyfoemnedabys iHermthod -auootdingitogclang@nic p8l ymeamtirfidctve film comprising
the low refractive index film according to claim 7.

ureasilazane-containingorganicpolymer, whereinaratioof (A) :

(B) is from 40 : 60 to 17 : 63 by weight.

2. The composition for forming a low refractive index film
according to claim 1, wherein the organic polymer has at least
one organic group selected froman alkyl group, an alkenyl group,
a cycloalkyl group, an aryl group, an alkylsilyl group, an
alkylamino group, an alkoxy group, and a group represented by

the following formula (I):

(R7)p,
L, oo, ,S—€OR%), .,
7N M

wherein L; bonds to Si of the organic polymer; L; and L, are each
independently -CH,-, -NR>- in which R® is a hydrogen atom or a
C1 - C4 hydrocarbon group, -0-, -S-, -0OC(=0)- in which an oxygen
atom bonds to Si, provided that L, may be absent; R® and R’ are
each independently a hydrogen atom, an alkyl group, an alkenyl

group, a cycloalkyl group, an aryl group; P; and P, are each
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independently an integer of O to 4; and P3; 1s an integer of O

to 3.

3. The composition for forming a low refractive index film
according to claim 2, wherein the silazane-containing organic
polymer is a silazane-containing organic polymer represented

by the formula (11):

R! R3
R
Si—N Si—N (1)

il |0,

wherein R! is a group represented by the formula (1) described

above; R?, R3®, and R* are each independently a hydrogen atom,
an alkyl group, an alkenyl group, a cycloalkyl group, an aryl
group, an alkylsilyl group, an alkylamino group or an alkoxy
group; and m and n show a molar ratio of the structure and m :

n is from 50 : 50 to 1 : 99.

4. The composition for forming a low refractive index film
according to any one of claims 1 to 3, which further comprises

a solvent.
5. The composition for forming a low refractive index film

according to any one of claims 1 to 4, which further comprises

a catalyst.
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6. A method for forming a low refractive index film
comprising the steps of applying the composition for forming
a low refractive index film according to claim 4 or 5 onto a
substrate and transforming the composition for forming a low

refractive index Ffilm.

7. A low refractive index film formed by the method

according to claim 6.

8. An antireflective film comprising the low refractive

index film according to claim 7.
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