DESCRIPTION COMPOSITION AND METHOD FOR PRODUCTION
THEREOF, POROUS MATERIAL AND METHOD FOR PRODUCTION
THEREOF, INTERLAYER INSULATING FILM, SEMICONDUCTOR
MATERIAL, SEMICONDUCTQRIIBVYIGE)AND LOW-
REFRACTIVE-INDEX SURFACE PROTECTION FILM Technical Field
[0001] The present invention relates to a composition and a method for

COMPOQULTON ETe of T RO FHM R (b B0d FONetFR o0 Breduations MATERIAL
thereof, an interl?/er insulatin%{j&m a _semiconductor material, a

ANQIYFCRGER S BRD Lo AW FRRERFe INAERIAMAE IS AGIN G LM,
MWMG@@@MBQMAMWWEWW?MDW@WAN? LOW-
mesopores, which are synthesized by utilizing self-organization of an
organic coRBIRY A B eo IO HO LA L kgt o have a
large pore volume, a large surface area, or the like, as compared with
conyentjonal porous inorganic oxides such as zeolite. Application of these

TechnGg) 4 el

organic oxides to a catalyst carrier, a separation absorbent, a
[0001 fughegltcesensentdhthgalikerbas bepositvesiigpiod ethiod exapipliicivinereof, a

form of a film. [0003]. Qne problem in using a porous silica film, which is
porous RGP HE I AIE R R HBEHE 8 T Bt ARG .
semicdnatetial s atetironiefuostidnabniaiata srandlthe e ceapaciallysioface

semjgonductor interlayer insulating films, is how to satisfy both the
proteciiy c@’@/ and the mechanical strength of the film. Specifically, when the
Backgpanagityof the film is increased, the density of the film is decreased. As a

It, the relative dielectric.constant of the film i dt
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utilizinghreifihe poresity s iicoeased cintgrnaldspates akg dacicasepgand the known to
h echanical tren%gp is Iow?red to a considerable degree. Further, since I
ave aATec OIS VOl T arpg sirfach ares, CPihe TRE 4 coisy Sl rqnseniage
poroua‘pdrgam{'e. sista'xlgsl $1hQ@éBegiloaps @pp!i’l@e'unfafdme lieatud %@rgmhiebhﬁlaﬁo a
caraly{ ISR e dislectic.cqnsiant, s eagly adsorbed ihareld, Accordngly e,

Sﬁwere IS aprg%liem in a{ e’ re afflve CHEIAEHIE vonstan “Wwhic RRIVERTE
for exdowbrad the iftcreadiadilthe porosity, is increased to the contrary as a result

of increasing the adsorption. [0004] As a method for venting the . .
10003 B el 408 R Bt Bl S Reving uniform
mesopfunttionabgrelifuisimnetueectinto ddimoniofexcmnpit neatmeshochihtadldte,

.the adsorption,of water is preven by trimethylsilylatin s'L? ol .
especi g e B LB R IR porosivy
and thyw@0B488028Yength of the film.  Specifically, when the porosity of the film is

increased, the density of the film is decreased.  As a result, the relative dielectric constant of
the film 1s decreased to come close to 1, which is a relative dielectric constant of air.  On the
other hand, when the porosity is increased, internal spaces are increased and the mechanical
strength is Jowered to a considerable degree.

Further, since the mesopores of the porous silica have a significantly large surface
area and have silanol (Si-OH) groups on the surface thereof, H,O, which has a high relative
dielectric constant, is easily adsorbed thereto.  Accordingly, there is a problem in that the
relative dielectric constant, which has been lowered by increasing the porosity, is increased to
the contrary as a result of increasing the adsorption.

[0004] As a method for preventing the adsorption of HyO, a method is proposed in which a
hydrophobic functional group is introduced into a film, for example, a method in which the

adsorption of water is prevented by trimethylsilylating the silanol groups in the pores (see the
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In addition, it is reported that not only the hydrophobic property but also
the mechanical strength of a porous film composed of a Si-O bond can be
improved by allowing the same to contact a cyclic siloxane compound in
pampHhke Aiseneetohal prebakeabalysees abes pamphlet of International
I#bllc tion W02004/02 765). O P&% Th% Et]}?ds achi ev% s
RABOBH HHR O RCRHUD SRRy ST BTN Tpeiso the
mechameﬂmﬁ@ﬂlﬁ@fearlg@mﬁ giaveinsined tfeseirictbadsdeqguifdgopertsl allowing
aratus for treating a porous film lth %ifllc sﬂggane c§ é)ound or
m

the Sa‘Faf’c?ﬂt?é)é%‘i‘ S Ry 08%%8} RN R P B AR AR ThF5C the
pampl$tnplendeaainoant meﬁmdo{mﬂﬁmwmmare is a report in which an

alkali metal c nd s included in a silica- ed film-formin
10003 o SR BB RBER TR A o B A ED TR syt also
the meatgliion sﬂafg@;ddllﬂ(ﬁv(eﬁ@ﬁ: Japanese Batﬁnﬂﬁmﬁ@&tmﬁphabi -@peniNofor
i 2006-291#&}%& S als orted that exa of the Jiﬂrgetal in ude

treating G PG f‘a@é %Eiaﬁﬁﬂ"%’r?&% 8f O HERSIH
exhau@fgﬁseﬂaemkah Bmetaﬂa@mﬂcfund&mqilen@ekmems rttmhaﬂelectnc constant of

ilic ed film formed from, the sjlica-based film-formin osition.
10006 BB AT UL T TRt S b T B SOy o & Sica-
based fihprévesitheosipragestalitiiy pﬁiﬁmaofomfdmﬂ@thﬂ pgréampositiboreol by the
... [00Q7] However, in he fields,in whch pven h| ceuracy .
adaiticg o R T e L PR e s e gl ois
also reﬁmtedlﬁlatmedaﬁﬁdmmgtiereﬂkatag&:taﬂtahﬂuye(ﬁdﬁnempmhmrﬁnlmdmmmg, rubidium

composition ag & mate tr%I for prou 000 As described
and cesinm, an at 111() 1S10n Of these. a me com 0Ll le Only Iowers the
above, even with improvements’in technologies for producing-a porous

dielectﬁﬂcmeustabiwﬂsedmarbmuda]lfurfotmadlfmaielnmishaiéweahr&lfuﬁohmmg

er ials and.the I|ke s of m thods for lowering the relative
comp P B R A R S i R GRLEE FRVE e
storagavseadhbnicd] thirgogths &ltecfomoung ﬁmnpmﬁdtlomg a porous film that satisfies
{0007} ven IoweE laellqge dielec I’IC Sons! %nd an.even hi régr mec cal

WEVET, 111 S i W) €r accuracy.1s 1e i1 con the
str en ?h and a te nique oF pro ucn%g a porous film Pormlng composm%
physmah@t@drm suchesdhdrigbbe magedstabﬂitixgtmvel yetdcfdnéngher storage
est |sh lo fthe Inve ems.to I
s e Bk O R { sl 1 SR e,
[0008]cam pbsmdwdrféuocfanepmdmb mm@msemgteﬁmhhabembnferbwﬁi@pmwa porous

film SJ%%EY(ESQC? E%%IL%QPE}S‘& g(tt;? f?l'zrﬁ% Efg r&%%ﬁ%&%%ﬁ?ch %\Qﬁ gﬁ? gﬁgl'§: and the like,

constant” In sorme cases a |g mechanica trengt as well as
and preppradiop! sterheds §m6ﬂwr@ﬁdl’@ meéave dsleniodusing ahicos anréotAviagher
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both a relative dielectric constant and’a high mechanical stren
film thahehtshiestaogfon lower relative dielectric constant and an even higher mechanlcal

strength, and a technique for producing a porous film-forming composition that exhibits an

even improved storage stability, have yet to be established.

Disclosure of the Invention

Problems to be Solved by the Invention

[0009] One object of the present invention is to provide a composition that can produce a
porous material that exibits both a low relative dieleciric constant (hereinafter, referred to as
“low dielectric constant” in some cases) and a high mechanical strength, as well as superior
storage stability, and a method for producing the same.

Another object of the present invention is to provide a porous material that exhibits
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forming the same. Still another object of the present invention is to provide
an interlayer insulating film that includes the porous material, a
semiconductor material that includes the interlayer insulating film, a
both a3 ieRRAHCRN dgvic HRakinieL s e R aRicRRH UG AT MAIRIR] ARER for
_low- refractive-index surface protection film that includes the porous
forming fhesamteans for Solving the Problems [0010] The present inventors
hayg cepasied; e ngive sliiies Aantioas Abasidiide 'zlﬂ‘i'n%'%ﬁ%%’%? insulating film

. above-described problems can be solved by a composition including a

that inglyeffithe disy ntetidr by BicsIpseningtenia shas dinlwips thivinterlayer
insulatiRegificallyeteomaans: i@ saluing tharkevrdesgrhcs RS e A8 a low-

follows. [0011] <1> A composition comprising: (A) a hydrolysate of an
fefra%‘rﬁd%%ﬁaﬁﬁ‘éf%‘%ﬁﬁ’ﬁ@fﬁﬁ%‘?f(ég‘@ HirdisRjgaes Breapsioxaméetesmpound

represented by the following Formula (1); [0012] (C) a surfactant; and (D)

an element havin%an electronegativity of 2.5 or less: [0013] RA RC_ |
Means foy RpJving (hy B2116014] wherein in Formula (1), RA and RB each
[001 0 NgePSRARHEMIRAIERENER ByHoasn <102 RIGRYhGHONPa 1CRIN2aind that the

- CHZSEbé%ZZ) CF3 or -CdHw_i, and RA and RB are not both hydrogen
above-gsaitbethiBlsas Ay IR EAHFRD 4 s praresitiansigkd st rat inkemapound,

thereb S HEQMPOIR AN EhaRrQ¥MIaR @lge to form a cyclic siloxane structure, or
each independently represent a h drogé?j: atom, a%gené%?up,
Rty (BRDRSEDY tobans:the aho-deserbpraushtenamanstay & lsrs.

[00117to<G;> b repEassiLsian dpkeaesied.O to 4, ¢ represents an integer of O to 10,
d represents an int?ger of 2 tg 4, and n represents an integer of 3 or
gr‘é%ﬁ@#?{’é@ETaQQQ e DFCHRBNRg to <1>, wherein the
sil@saneyeesnpaunsr iepresaniednviner Ryladthlés 8yeitaboxaBFormula (1);
caompound. [0016] <3> The composition according to <1>, wherein the

10012 )5S e earEbuMrepresented by Formula (1) is a cyclic siloxane
compavsErrpresetigdiby toadodpnitgyharms @ (253
(SIRSR90)L(SIR10R110)m(SiR12R130)n . . . (2) [0018] wherein in

[00133Formula (2), R8, R9, R10, R", R12 and R13 each independently represent

a hydrogen.atom, a phenyl group, -CaH2a+i, -(CH2)b(CF2)CF3 or

-Cdrljgd_l, R8 and R9 are not
|
RC—t—si—o0-+RP cee (1)
Le
— - n

[0014] wherein in Formula (1), R and R® each independently represent a hydrogen atom, a
phenyl group, -C,Hau:1, (CHa)w(CF,).CF3 or -C4Hog.1, and R* and R® are not both hydrogen
atoms simultaneously, R“ and R” represent a single bond that links a silicon atom and an
oxygen atom to form a cyclic siloxane structure, or each independently represent a hydrogen
atom, a phenyl group, -C.Hsat1, ~«(CH2)u{CF,).CF; or -CyHaq.1, a represents an integer of 1 to 6,
b represents an integer of 0 to 4, ¢ represents an integer of 0 to 10, d represents an integer of 2
to 4, and n represents an integer of 3 or greater.

[0015] <2>The composition according to <1>, wherein the siloxane compound represented
by Formula (1) is a cyclic siloxane compound.

[0016] <3> The composition according to <1>, wherein the siloxane compound represented

by Formula (1) is a cyclic siloxane compound represented by the following Formula (2):



both hydrogen atoms simultaneously, R10 and R" are not both hydrogen
atoms simultaneously, R 12 and R13 are not both hydrogen atoms
simultaneously, a represents an. integer of 1 to 3, b represents an integer

WWO 10, d represents an integer of 2 to
4. 4_represents aminteger fg%{@ , mirepresents an inté@er of 0 to 8, n
(Sfajiﬁééi\@g% irﬁeg Smg 0'3, , m and n satisfy the relationship

(0018 BsheRaNmOr {8948 4 RFhrcemiprSitipt agaotting e indep SItRek represent a
comprising (E) a hydrolysate of a_disilyl compound represented by the

hydroggn gy FRliileEt8yPI0620pR1ARIEREES) K st 1 PriABR S 2ndB) arc not
both h%@g@iﬂﬂ!&;;ﬁ@@ﬂ%ﬁéoﬁlﬁ RIS R4GRRLfe RIGanhRd@ &acCkoms simultaneously,

» Independently represent a hydrogen atom, a phenyl group, -CaH2a+1 or
R and Ri 98 @oE DB oL B oS i Meyeho f TaRF RS ab IBISERTL A to 3. b
represéfie a8 RELAL A DG s A CRPRISAR MHREST XD th0,0XT eRIRREALS ANnteger of 2

oxygen atom or >NR20, R20 represents a hydrogen atom or -CeH2e+1, .
o 4, LIRef estRSraSMrearahegeh ot ITRessn{pa2 11165 Phd KbfpdSRiGrents an integer

of 0 oA eRingdairdls sivheyei (Phthedipmenthamirg an electronegativity of
2.5 or less is an element having an ion radius of 1.6 angstroms or more.

(00191547 hd B AAPBRATHIPAGESPEHRRD <13, IRRYESUBYTE 2 [Erh 8 ARG 571 2

disilyl eleaionaoririy-afed bomlesslisanciementhaying an atomic weight of
130 or more. <7>The coQmp, sig'é)n according to <1>, wherein (D) the

[0020)elBmENT Ravivig-ar—eRiEroRedRtivity 6f 2.5 or 1663 Is at least one element

selected from the group.cansistingsof, s, Ba Hf, Ta, W and. a

AR O LB A emad for Srodo e A aa R e e et
hydrogtletst coptprisingoarstep.of miningGE B 6SFanEkoxysiasentompotegel; af | to

catalyst and an organjc solvent _at 20C to 70C fqr. 0.5 sto 7. haurs; a
5 oo R R R S R R foeen
atom ocoNERMrAfhoethesenixtuieySoogtmchdmeos uffdéiant fsbchepresateshuntidtres 1 to

mass of the mixture becomes 10% to 50%; a step of diluting the

concentrated mixture with an organic solvent; a step of adding an element
[0021]havng dhetecooragativityoodid Storlbssibetrandilité: chixtarehavidgastep

LG AR ALt BP0 SO P
SR h¢ composition according to <1>, wherein (D) the element having an

electronegativity of 2.5 or less is an element having an atomic weight of 130 or more.

<7> The composition according to <1>, wherein (D) the element having an
electronegativity of 2.5 or less is at least one element selected from the group consisting of Cs,
Ba, La, Hf, Ta, W and a lanthanoid.
[0023] <8> A method for producing a composition, the method at least comprising:

a step of mixing at least an alkoxysilane compound, a catalyst and an organic solvent
at 20°C to 70°C for 0.5 hours to 7 hours;

a step of adding a surfactant to a mixture obtained by the mixing;

a step of concentrating the mixture to which the surfactant has been added until the
mass of the mixture becomes 10% to 50%,;

a step of diluting the concentrated mixture with an organic solvent;

a step of adding an element having an electronegativity of 2.5 or less to the diluted
mixture; and

a step of adding a siloxane compound represented by the following Formula (1) to the

mixture to which the element has been added:
4



Rg fl [0025] wherein in Formula (1), RA and RB each independently
represent a hydrogen atom, a phenyl group, -CaH2a+i, -(CH2)b(CF2)CF3
or -CdH2d_I, and RA and RB are not both hydrogen atoms
[0024]3|multaneously, RC and RD represent a single bond that links a silicon
atom and an oxygen atom to form a cyclic siloxane structure, or each
ependently-represent a hydrogen atom, a phenyl group, -CaH2a+r,
- HZQ_@(CFZ) F3 or -CdH2d-1, a represents an integer of 1 to 6, b
represents an |nteger of O to 4, e represents an integer of 0 to 10, d
NtS of 2 to 4, andr:{r resents an integer of 3 or
greater. [0026] <9> A method for for ingfa porous material, the method
compg®ng: a step of forming a composition layer by drying the
composition agcording to <1>; a step of heating the formed composition
Iayer at 80C to 400C; and a step of irradiating the heated composition
roo2s {PFAD A EMOlE! (YR ROPE A0S DG00I 8 B0IRH Biom. o
atenal accordir >, turther comprl g as carrying *ou
phenylcglmx@:,t ﬁé&b&mn (@Hﬁ)ﬁéﬂf Dithe wﬁaidsmowtai}é\rmdd?g es“ﬂyiatlhgthggdtpgen
aroms SR SISR Oh Ak WOl aNE ORI 1T PRI S
er|a e method for forrﬁlng a porous maferia accordlng
Oxygeﬁgwnﬁoozfaqm azwﬂh@qb@xmmenal acceTding dpeaddnt] thepporotie hydrogen

it / 2 0 /cm
o, e T T 202 DB ot o
b represents of andgérared 1ay, a}b@@rpsmﬁssa@smm c(t)(h@vwg dreprcisars an integer of 2
0 4, a]at?ﬁqr ?9#1%?% glefga%/] q)frg) rgfa stretchlng movement of an alkyl
an

group, owing an intensit absorption peak derived from an Si-o
[0026 |stréechidgmgibod drsdouh mg SiDEP Y oeaidbsinghnotefesteptiprs®S0 times

the I EQ?Q&M %%B&?ﬁpstfﬁ %%Igu aRsity der %atﬂ SR cgol"_(ﬁing to <1>;

stretching movement of an alk d (i) haV| g one clear
alasteptidhpablg d@lﬁﬁ@ﬁ@mm@twmwﬁrmﬁg&‘i{bwﬁ{é]’iﬂomm HSIO3

grouR, the wa qert'i‘””}ﬁe ?;ea e%Of beinges the"i“%vzt utlawof]getqu the
infensity thereo! being from 0.5 ti esto g fimes as much as the

[0027] ab@&ptlﬁhpmllnéﬁsi&mﬂgedphmstmtmaﬂ stretdhiggnt&ve Mueheof

' an al r 2 ' [ ing g.the

compr T B Al S B S A PR SRR anc o

silylatiogrageigiradten éhin sestagBirindiataniagrithmidecoedinge e <13>.

[0028] <l11> A porous material formed by the method for forming a porous material

according to <9>.

[0028] <12> The porous material according to <11>, the porous material having a density
of from 0.5 g/cm’ to 2.0 g/em’, and, in a range of from a wavenumber of 1800 cm™ to a
wavenumber of 4800 cm™ of an infrared ray absorption spectrum,

(I) having one clear absorption peak derived from a C-H stretching movement of an
alkyl group;

(1) showing an intensity of an absorption peak derived from an Si-o stretching
movement of an SiOH group being not greater than 0.30 times the intensity of the absorption
peak intensity derived from the C-H stretching movement of an alkyl group; and

(IIT} having one clear absorption peak derived from an Si-H stretching movement of
an HSi0; group, the wavenumber thereof being less than 2300 cm™, and the intensity thereof
being from 0.5 times to 3.0 times as much as the absorption peak intensity derived from the

C-H stretching movement of an alkyl group.



<15> A semiconductor device comprising the semiconductor material

according to <14>. <16> A low-refractive-index surface protection film

comprising the porous material according to <14>. Effects of the
002047gRtion 190301 ' g&ﬁ rESEPLYE |
o0 A S S N R B g
<I1>.strength can be produced, and a composition that exhibits superior

storpge stabilly and, 2 MSHiedile RS HR D6 AN CARL AG RIPK! di

Further, accourl%%gato the preseint?nvé%%gng a poroeus[g}aeateria?tﬁg é@ﬁ%ﬁ% rding
to <1Z%low relative dielectric constant and a high mechanical strength and a

methad for praclcing: INe SRS SABAG Y BYided, MArROYS! nACSOLANI Riing ¢

the present inven(t;%on, an ?nterlage%su%ingcﬁm lﬁ\c?fﬁ‘:g(l%ng %ﬁe porous0 e o
<14>material, a semiconductor material including the interlayer insulating film,

a spicondtRlifiRyce sl UG eamiEeR AL MAIRIA-A0HRous material

low-refractive-index surface protection film including the poréus aterlafm
accordiag e provided. Brief Description of the Drawings [0031] Fig. 1 is an

FT-IR spectrum of the porous material according to Example 1. Fig. 2 is a

graph showing the leak current density of the porous material according to
EffectEghthplevention 3 is an FT-IR spectrum of the porous material according
[0030}0 KXAREE fo IO L8 craBI SRR INGERl SHENLABASBS RS relarive

porous material according to Example 2. Fig. 5 is an FT-IR spectrum o

dielectfie goviers aista ataseeninnty b ke abras bEipogis el graph epiowingi enghat
exhibiS R FHES @Eﬁ&gﬁ%ﬂﬁw%19?5%%%%%}%«8899{&? ChiOs X ARR I 3 Bkl

is a graph showing the relationship between the storage days (storage

tirk&THY): areiHia g dmthrairerat it Colostnp K o seapBrdusahetbibals a low
relativ@QROMinG IQ EXAWRIR 3 18 B dsrani bl HRSPeCim m&ﬂ%@ﬁf%ﬁmcing the

material according to Example 4. Fig. 9 is a graph showing the lea
same ‘é’dﬁ?@rﬁf@éﬁgﬂf of the porous material according to 6 Example 4. Fig. 10

is g fedolR sResHHR Of HRe RGN SHNAIES IR ACEREANGIOEXAMNYGin Fidhuding

11 is a graph showing the leak current density of the'porous material
the porRisoRfifGith EeEMHfoRIy oy aerabineydinedhe diigrpyetis patigsiim, a
semicRBIRIIAH ASGAEFNAIFBIRIS R onductor material, and a low-refractive-index

surface protection film including the porous material can be provided.

Brief Description of the Drawings
[0031] Fig.1is an FT-IR spectrum of the porous material according to Example 1.

Fig. 2 is a graph showing the leak current density of the porous material according to
Example 1.

Fig. 3 is an FT-IR spectrum of the porous material according to Example 2.

Fig. 4 1s a graph showing the leak current density of the porous material according to
Example 2.

Fig. 5 is an FI-IR spectrum of the porous material according to Example 3.

Fig. 6 is a graph showing the leak current density of the porous material according to
Example 3. _

Fig. 7 is a graph showing the relationship between the storage days (storage time (d))
and the relative dielectric constant k of the porous material according to Example 3.

Fig. 8 is an FT-IR spectrum of the porous material according to Example 4.

Fig. 9 1s a graph showing the leak current density of the porous material according to
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Fig. 13 is a graph showing the leak current density of the porous material
according to Example 6. Fig. 14 is an FT-IR spectrum of the porous
material according to Comparative Example 1. Fig. 15 is a graph showing
Examfie4eak current density of the porous material according to Comparative
Example 1. F\i)%i‘m is an FT-IR spectrum of the porous material according

tolt®nhpayaivel-Hxapssianm pfgha pawunimtarekpecardineds theapsrsus
materipl ace NG GRIpRAlE-JR@MRIE 3y BTt & & R 9RRB-BAAWIB Iing to

the leak current density of the porous material according to Comparative
Examplg ample 3. Fig. 19 is an FT-IR spectrum of the porous material according

m@gnp@@sr %H‘@T—ﬁ'@ﬂ%@{%ﬁx_ Eﬂhgﬁdﬁﬁs%%ﬂi}ﬁhé’é’w}ﬂiﬂgzt&e@%aﬁ%f@m
density of the porous material according to Comparative Example 4. Best
Mbife ¥é AR BRI SHOTRE thedsriorIoos SEHE hisoaions deesrihiy serding
to Exatfig1@esent invention includes (A) a hydrolysate of an alkoxysilane
compound (hereinafter, also referred to as "component.(A)");éB) a
hyldfollAatendt B sneiBIBbM Hor PerPEp FaRHR A ERp Kb L coypparative
Examghereinafter, also referred to as "component (B)"), (C) a surfactant, and
(D).an element having an electronegativity of 2.5 or less (hereinafter, also

refafrdd 16 a8 AaMBYNC FakSur it CSREiNY 6 R RueHiRgFrial according

to Cor@MRAFIEEMithe present invention, the porous material having desired
characteristics can be prepared by carrying out: (a) a step of producing

thE'8oHgo b Bt oiraebls ROFRHRG ARl aSrg g EvhyaBRiative
Exampbpecifically, in the step of producing the composition, the composition is

prepared by appropriately hydraolyzing the alkoxysilane compound and the

sifo¥ané E&Pﬁﬁcﬁ%ﬁf%rﬂéﬁﬂe@?%ﬁmﬂaﬂ{ BRRTREI RS FouBBR B ve
Exampldng the alkoxysilane compound, the siloxane compound represented

bygFormuIa (1), the surfactant, and the element having an 7

el

trd Ry AP oI 8158 b et B S RIBRANY Rt kil tesoxding

to Corhygplys@gaafe disilyl compound represented by Formula (3)
( ‘reir];?f.ter, also referred to as "component (E)l")' Next, in the step of,

fofifinty &%t & PorBGSTHEREH HMHBRARY dRdirEE! AsaPsiissiioRpm e

Exampabtained by applying the composition onto a support, heating the
c ition, an . . : .
1g938 Es a grap% showing the leak current density of the porous material according

to Comparative Example 4.

Best Mode for Carrying out the Invention

[0032] The composition according to the present invention includes (A) a hydrolysate of an
alkoxysilane compound (hereinafter, also referred to as “component (A)”), (B) a hydrolysate
of a siloxane compound represented by Formula (1) (hereinafter, also referred to as
“component (B)”), (C) a surfactant, and (D) an element having an electronegativity of 2.5 or
less (hereinafter, also referred to as “element (D)™).

Further, according to an exemplary embodiment of the present invention, the porous
material having desired characteristics can be prepared by carrying out: (a) a step of
producing the composition; and (b) a step of forming a film using the composition.

Specifically, in the step of producing the composition, the composition is prepared by
appropriately hydrolyzing the alkoxysilane compound and the siloxane compound represented
by Formula (1) during the process of mixing the alkoxysilane compound, the siloxane

compound represented by Formula (1), the surfactant, and the element having an
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then irradiating the composition with ultraviolet rays. [0033] Further details
of the the present invention are described below. <(a) Step of Producing
the Composition> In the following, one example of the method for

electr«ﬂ{gé%‘ﬂﬁjf_?g dre SYPRASItiof A o RRIQINGAIRPRHEPLRIAMAE) ARydrolysate of a

_ alkoxysilane compound is mixed with an organic solvent, a catalyst and
disilyl\wareparedddneganisrdy amulet hikreipsigds akaisdesiol mea TesuRronaent

(E)” _solution including a hydrolysate of the alkoxysilane compound
(component (Al) is obtained. [0035] The amount of the catalyst to be used
is Nexpariba ey ahinesignditaybecsppropirite\hawies dagiser ilaragecristics

can bewﬁ‘ﬁ%ﬁi%/? ‘;ﬁﬂ% Qﬂe%mﬁ%@ B:@h tchguﬁ M?él(ﬁﬂfg ﬁ%@&ﬁﬁggtﬁ%ﬂ, and

_promoted. Preferably, the amount of the catalyst is in the range of from
then irgagigsing, toicrmpe st redbadtsey P IsidRyBf the alkoxysilane compound.

[0033?%&1&'&9%&%‘6@{% prestelenihe BydralyRisis alseotggticularly

imited, and may be appropriately selected from a wide range. Preferably,
the(ahisemeb wdusiig fhork PP #RBTes with respect to 1 mole of alkoxy

arpLps G AkOslangae DPALRH.4ABEE TRalyO SIS ImFaLTIRA oMt

‘while stirring, preferably at a temperature of from 0 to 100C, more
explaipgdferably from 20 to 70C, for several minutes to 24 hours, preferably from

[0034P-PolQ fa PRWSAMPLE REEISIALbAIFRMhe fonfibabiin WDER ARG SORAUSIONSatalyst

are within these ranges, progression of the hydrolysis reaction can be

and wgsafe dddethtbesdritied Bsmadin) wisyarsIyiesteubf an alkoxysilane
CORROMAGH{CPBRANEITHHMAiGR RS RBIANARDLWIHIONE SAHSINE Y98 pound

reactions. The hydrolysate as mentioned herein refers'to a reaction
(compgpsat et h WARALERRE: conversion rate of the alkoxysilane compound is 90%

[0035 PITHE BRI AN CORMRASION BiscaR PR Hrtermingsibyisaenvantiondive
analysis method, such as liquid chromatography (LC) or nuclear magnetic

approfdaishasrdectisbearthet Sy hramksctebrrabion sordrasattornyfisadeisilane
compcRISOHRRLEQNtIMBEH GO MNRAB A (A Whilf: SHEERG: 118 SAMEnRUSBEENY.1 to

C) has a function of formi&g voids during the film formation step.

( :
0.001 wgleetdhtsereithb Hie JrRadhg v danrompgrpd in Hif ABGHICRL Y gr used
for thech kSl aidigUithoioBpaeivtinm prepated Yl aiesalving i saeiyciart itiarom a

solvent, The addition amount of surfactant £C) may be appropriate

‘ | | ly

wide rapgsctebr SIERR UMY $G I BERIGH IO MENELS bt R B drtRecfifafymole of

alkoxyohtaipedmarukonaisial (engxaraple, a porous film), but the molar ratio
thereqf is desirably from 0.002 to 1 time, preferably from 0.05 to 0.15

10036 i g RO REp 5o 18 8 BB EHPAD SRR Y S IBREHTS Of from 0 t

100°CshibReptamiriblyis v ihrorangs: fetaalignateyQdalia et IpRiRies d¥@m 0.5
to the amount of surfactant (C) being too small, or formation of a

to 7 hours (more preferably from 1 to 7'hours). When the condisions are within these ranges,

progression of the hydrolysis reaction can be ensured, and a solution containing a hydrolysate

of an alkoxysilane compound (component (A)) can be obtained without causing side reactions.

The hydrolysate as mentioned herein refers to a reaction product in which the

conversion rate of the alkoxysilane compound is 90% or higher. The conversion rate can be

determined by a conventional analysis method, such as liguid chromatography (LC) or

nuclear magnetic resonance spectroscopy (NMR).

[0037] Next, surfactant (C) is added to the solution containing component (A) while stirring

the same. Surfactant (C) has a function of forming voids during the film formation step.

Surfactant (C) at the time of adding the same may be in any form, such as a solid, a liquid, or

a solution prepared by dissolving the surfactant in a solvent. The addition amount of

surfactant (C) may be appropriately selected according to the design performances or the like
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film is not inhibited due to the amount of surfactant (C) being too large,
thereby making it possible to introduce the voids in the film. [0038]
Subsequently, the mixed solution including component (A) and surfactant

of the (nhiBy GORSERITRIRSLThAGRNeRNtatian i RestRpmesiior, the merpeRs: Ao

controlling the concentration. of component (A) in the solution in order to

thereofdgy(psteatris HaBKASES & thdtndirpisHtbly depBobelistoRae fianes svHBspawct to
Si in HgkRRSS(ANd foribe BurRRsEPhlowBLRg he £8tie Rfater indhe-NMethtion of

solution in order to reapidly drying the porous material in the process of

voids ignidahibhtehduneatingensungaheimtiaiialibagdpe Thelbondermation of a
film iSAbOIRfiRMiked Solvte may e apRiepleelyiselested  AGRRrdRd IS it

_design performances of the finally obtained porous material, or the
possibigieditAduts B pleitstonAddEing, but the concentration is preferably

[0038 LI QuRtitiRe, mass fihe iy HHRERIMEMHAMEOMIQC) is

50% (more preferably from 15% to 30%). Specifically, the concentration
concenifggkarably carried out so that the ratio of the mass of the mixed solution

affgltheneeneantationisola 1% ioaa%sinew prefarably.remt drition of

30%) with respect to the mass of the mixed solution before the

cOmPORGAEEMIHLES. SIHEP  HEO S e desrkEm dan thasionr1s Hithm mdlyahyaned porous

materiRF REPHALAN ohiR19RkEURIFHEEIRIMDLAUTIBRERNNHARREAVPIAGI n AR mixed
formation of a film during application and heating is not inhibited. [0039]

solutiop R O SPriR the BEREEH A6 SR UFGAMIE SIRETSRIcERIEs R e

heaginggﬁﬁg@tf@éigm@f&@mg@ﬂ@@bm) is at a certain degree, thereby obtaining a
precursor solution of a desired_composition. Subsequently, element (D) is

addEF PSSR BRORIRS IS YoRRiIBHXSAS PHIKSE IATHRE 2Rser & e ¢S thay
accordf: 20 dRARS ZrSHHhe-SARSIARCE O 300 0Bl IPEIUGiNG AR E 82P18he

alonﬁﬁor in_ combination of two or more kinds thereof. The purpose of

condition§ity ANBIABAR @5 PREHRSREhRES PRS TR BRRNSE CErAEtThewk (ag! the

mass oAfEEGAREROREIRLIR)bibereRrenrhaneing the; (ydrephebiahyarshine v to 30%).

) chapnical strength of the finally obtained porous material. [0040]
Specififl et ({57 AT B BRI a%tﬁmﬁftﬁ%t%ﬁa@ GHitfomh 1ednsebel the

mixed pphkiopreferablydsacafrtadiOfR ppm, roorepeferablyffesitibto B8R to
en the amqunt of

W(E el merﬁfé% is within this range, reactivity is not too
30%) Y SO0 (0 HrUUNCSTRAHHE (o BEAHG (05 o G\ e he
degrecprppertiesrafithe obtidinechfiimaie poidpadovhdde tetlhaaimounisvef

eletment D}éebei%%t%o la gie 0041] %e?[i th% s_iloxani.comggu}a i ot
conceniEiRR SALAFR) Roh Lﬂ’é‘i( STGHER AP LYite BROXAHE B ISAHES 1§ no
inhibitadlded to the precursor solution to which element (D) has been added.
[0039] After performing the concentration, an organic solvent 1s added so that the
concentration of component (A) is at a certain degree, thereby obtaining a precursor solution
of a desired composition.

Subsequently, element (D) is added to this precursor solution and mixed. At this
time, element (D) may be added as a simple substance or a compound including the same,
alone or in combination of two or more kinds thereof.  The purpose of adding element (D) is
to increase the reactivity between component (A) and component (B), thereby enhancing the
hydrophobicity and the mechanical strength of the finally obtained porous material.

[0040] Element (DD} may be added in an amount in the range of from 1 to 5000 ppm,
preferably from 5 to 100 ppm, more preferably from 10 to 30 ppm. When the amount of
element (D) is within this range, reactivity is not too low due to the amount of element (D)

being too small, or electric properties of the obtained fitm are not too low due to the amount

9



In this case, the siloxane compound represented by Formula (1) may be
added as a simple substance or as a solution in which the siloxane
compound is dissolved in an organic solvent. The siloxane compound

of ele&@g{@@@ggﬁ%g%@gla (1) is hydrolyzed by using a catalyst and water

that are confained in the precursor solution. Consequently, a hydrolysate

[0041 bfMgst. shexdasassreponaendissesited by Formura({1) feoripoméntaByylis
siioxaé}@r&%&ﬁﬁ?ig?&&é@&f 1ROPHAN-LQQ4RkThe vdrolysrig as dﬁ&}ﬂ%%@g& added.

erein refers to a reaction product in which the conversion raté o

In thisgifsrathe sdernpoe AAMBpYEdERRsRFBYFdNNRATL 44 DO P higiver anisicnple
substaBRCOMRASS AT AR IANECH a@mé%e{ﬁ?&%qsbaﬁﬁ%@m G PRI 1vent.

a portion thereof is bound to component (A) or the alkoxysilane

The silexaiisotsmepierirbrppecsarded BylbtonulBy ! bindirdretyase byrmpemesaaydrand
water th Q@m&@@iﬁ%@%ﬂsw §&Hﬂéﬂ.ﬂe@9£@9&5&%£%ﬁ{ﬁ&%%§&@é{f the

_ Formula (1) functions to enhance the hydrophobicity and the nmechanical
siloxanrgregR WA AerfieRemjcsttaiheaybr oLs posteraert ) Lininsrasdri ke pfegisor
soluticsiloxane compound represented by Formula (1) can be determined by a

conventional analysis technique, such as liquid chromatography (LC) or

[0042]n Jhe Ay fralyiielcepaBsniapnes SSEB T 58EEh 1P (MR (o oa3|urhinaditio e
converdBRWIE Offtie §if%ﬁ@c@%@&%%ﬁ%@?ﬁ%ﬁ%ﬁ%ﬁww%(%d/p@y}?gger and it
|

appropriately selected according to the design performances or the of _
encomiRsship &1Ff ebABmeMpevat sarrsasaEd buitipransiafdiably frishagertirnahereof is

bound R TBRERRTSIGRABY MamQiRde alnpelid ifuher raterrlhuiiom 149

... 30 mol%, particularly preferably from 5 to 25 mol%, with respect to Si in.
binding g firsopanaRR L6 B dhe ke x silane srmonient (hg)sileorrns gaanarmdnt
repres@ficnBySilexANG ¢PMBRMNshEen @ﬁﬁﬁt%ciﬂ%@@fayﬁlaaié&%%mth{e thisHanes,

ep

it is possible to avoid the lowering of performances of t orous material
strength o thedinedp|ableBrAdeEesama4srslint of componend (B) due to the

amesBAfdReSilRpLEONIRAYAL JaRIRSARIRS RYFRIF(IhRSINg 194 be
small; and it is possible to avoid the situation in which the hédrolysis

determiged By GOBE AT W iter IRidEat AN anlumstshromate sthib(ire) or

nucleapfuidRf e siixanecrmppyne vepresented by Formula (1) being too
large. [0044] As necessary, a catalyst and water may be added in order to
[0043]p|:§;ﬁ

GETHENRRABIERT thEaURSANS FemRRIrer semrs aiis By ko grkedd ey be

appropiaderablec-manaesdayistiningdaesmixiigomt s iR NeIRIWE IBriRe fBRAS Bbtained
from Q to 10QC, preferably from 20 to 70C, for a period of from several
porous St 85 e FARRGSER, rbi 605 B ot eElcsn Ga0-> to 50

mol %, lexan rdfermpiguichiapie se ntet/hyh meidalia | bre kR-094R]Hryrtbers Wel1%, with
d_isié\/l .cox}npcignd represented by Formuyla (3) may be added to the
respect i el AP SR RO FABTRAHEN Wit th& SRARRCEbIdbuntY Reprdseragnt of

the sildxakeoromup@ iy represented by Formula (1) is within this range, it is possible to avoid
the lowering of performances of the porous material as a result of lack of necessary amount of
componend {B) due to the amount of the siloxane compound represented by Formula (1)
being too small; and it is possible to avoid the situation in which the hydrolysis reaciton does
not proceed with the catalyst and water alone, due to the amount of the siloxane compound
represented by Formula (1) being too large.

[0044] As necessary, a catalyst and water may be added in order to promote the hydrolysis
reaction. The hydrolysis is allowed to proceed in a favorable manner by stirring the mixture
at a temperature in the range of from 0 to 100°C, preferably from 20 to 70°C, for a period of
from several minutes to 24 hours, preferably from 0.5 to 7 hours, after adding the siloxane

compound represented by Formula (1).
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In this case, the disilyl compound may be added as a mixture with the
siloxane compound represented by Formula (1), or may be added before
or after the addition of the siloxane compound represented by Formula

1 d
04 Y i F I TS SR B e
precueor\@mn[@onﬁqo‘m@@hsm wﬂnpmwxemesamemﬁyﬁmmutaqay iBormula (1).
In thlstya%ro%%e(ﬂs crtnﬁ %1%(9 é{gf IF? % &tagnd W%‘I:lelr %Pﬂﬁ {lees(illbr;{épig compound

precursor so tion, W ere olysate of isilyl ‘comp
represcootd poréni(E)) Gé)f@rmety |hethédpdémfﬂ$©ns@ﬁmmhe[®®ﬁﬁ]aﬂ' héthe siloxane

eingef r the
o LU R MANEA 1e SR 0 R AN o
Stmpieﬂmpersgeesai digipplosamipbishdhin didil &hcanp@r:nmd thehenflishoumd dganic

solver§Omponent (A) and/or component (B) in the precursor solution. The
conversion rate can be determined by a conventional analysis method,

[0046 suEkealisiylichohromdtugrapned &) &mdbé})dﬁ@meﬂbweémanﬁ@ use of the
catalysctpﬁq‘@g&? BXan%&n[%%ﬁLﬂ}gog iyt 188”199&%9 cﬁ?oﬁ%&?él Sf(ﬁ{}:edzsllyl

compound represented by Formula (1), and contrl
Commﬁr@rﬁx@n};@n@mrﬁEﬁ;}deﬁobcﬂcwiamplrm‘emaméarmength of the obtained

[0047 omgﬁmrﬂ&g@a!e Mareovehdneerparation of the disily Oﬁ%ﬂg&%ﬁrgﬁeﬂ the

urther improve the storage stability of the composit rolysis of
converpierdistypEgmpauhd @@meréwe%ﬁeémh@maactmmomamer atdiiniard

comp&ﬁf&'ﬁpvﬁﬁkmatBSrEGE%&fr@&q gLl &Y %gﬁlf)lé)%ﬂg FA%%H{?/BF @&n{?ﬁent éB) in the

addition amount of the disilyl compound may be appropriately selecte
precurgeictttigito thecosigapersiinaneds dsiampinre by theofinenlyoobtaimdssis

methoRORUP AN '@IGIQHHH%‘? ?ip@’)HPH!B&e]ag%%ggcﬁp}«{godﬁ%@qpectmsco y

referably from 0.5 t0 5 , further preferably from 1 to 30 mol%, an
(NM articularly preferably from 5 to 20 mol%, with respect to Si in the

0048?'Wﬁﬁﬁgﬁcﬁﬂ{ﬂ%&w%ékﬁmﬁé 91 ST A JAR 4&1@&2@5@&&1{&9@; and

solution obtained by the above process is subjected to aging

contrigiepier e mienenangaroharicivoed prerbeang frornad & ftombleined
porousSrRREGA Of MR oSEN SRRbIBIIHIRS O A oirss QIRISSARY IR 84219 fnprove the

hours, whereby the composmon according to the present invention is
storagg il qobscroresiitticularly preferred embodiment of the exemplary

embodimeniat harpethn dei SR PRANGING: LRS- AN PASILOBAGR A RSP manner

the present mventron as described above is a method at least including: a

to tha‘fﬁ@ﬁ%ﬁ fBRGPEIP AR Sk peliie tBE mEsdia i ox s aRTEParifian Thiyadtiion amount
of the SRNGNoRHAARAI 1P bR AAUIS §91gcﬂ%ﬁ%&cﬁcﬁ?%ot@ﬁﬁd&g@i%@perfomances

surfactant to the 11 mixture obtained by the mixing; a ste

of
or the ik ok Hrating e R PP R T8 SR AP erably from 0.1 to 100 mol%,
more preferably from 0.5 to 50 mol%, further preferably from I to 30 mol%, and particularly

preferably from 5 to 20 mol%, with respect to Si in the alkoxysilane compound (i.e., Si in
component {A}).

[0049] The precursor solution obtained by the above process is subjected to aging at a
temperature in the range of from 0 to 100°C, preferably from 20 to 70°C, for a period of from
several minutes to 24 hours, preferably for 0.5 to 7 hours, whereby the composition according
to the present invention is obtained.

[0050] One particularly preferred embodiment of the exemplary embodiment of the method
for producing the composition according to the present invention as described above is a
method at least including: a step of mixing an alkoxysilane compound, a catalyst and an

organic solvent, at 20°C to 70°C for 0.5 hours to 7 hours; a step of adding a surfactant to the

Il



has been added until the mass of the mixture becomes 10% to 50%; a
step of diluting the concentrated mixture with an organic solvent; a step of
adding an element having an electronegativity of 2.5 or less to the diluted

mixtm;@ ﬁ%ﬂﬁé&%@ hsiaRalAdding &%M%H&a&&#}% %@ﬁﬁ@'&%ﬁ?ﬂf%gtﬁé( H8actant

ollowing Formula (1) to the mixture to which the element has been

has beaq@édl@dnlmﬁé_ thb owsdeSdratkbrsdodivnmst ] s tmobéop eeftaped dolvtinhdre
conoelﬂ}%@&%ﬂﬁ&%ﬁf{ﬁ AR OGIPLREOL QR NAUFAR f SMOUES BHEE Gy an

addition of the siloxanecompound.’In the following, the above-described

clectragspets Aheotésoribdtidibiedimigos1 POsROSBIRADMPORANThe
comp RIRGSLAN BERIHDGIR M PIESANNITMGRIRSARAINS S OISR AEnt has

the alkoxysilane’compound (except for an alkoxysilane compound that
been agdabsponds to a siloxane compound represented by Formula (1)) as

COMBRG e LB AKOXYSHARS, CAMP ARG foLRS &1 RY HOMNSAGixing the mixture
(component (A)) through hydrolyzation (and optionally through

at 20°pétycondémsabomurtiie hidrotyséite 1baaddiviponditisdoformsanpeaind.

Ske'alg '%o‘i’lfo‘x@%% r}?%%%%@f&%&‘c%}ﬁ@@%%@lﬁé@%@&és PreferahlyAdelss

inorganic poly he alkoxysilane compound forms an inorganic
[0051 pdirtex thiteug b polyoontiensation at a site of silanol group generated by

h I ' I t i
R o SR RO AR AT o
alkoxysohmermipdst éfanad for useroaikdaysitanmpeondpbaindhasingdwio esiloxane

compo%g%@%g&%d%?%ﬁ%ﬁ%@)'Ré’k%%%%ﬁ{/&ﬂ more alkoxy groups

und to"one silicon atom. F e alkoxysilane compound

ma&dd ﬁB@QESiMWWMﬁﬁm mhbté;‘cém_mei hehraog a & alkdxgughoup
hydrol QQiBH‘%aﬁ'Jf%%%EQH} '?f%%ggga%&gggggﬁgl fhe same molecule. [0052]

referred alkoxysilahe co unds of this typé include at least one

seldetbrrifadivateds grovipreviesisthag formscompouigl eepredéhgabloynaseporous
materi ?Ilgy&iq@plf&%%@ g)d&ggm&%g%gbﬁg%mggnted by the following Formula
ed by the

(i), and a compound represen fdl[owing Formula (iii). [0053]

siforejkoxygiancromunang feaueofirorstajcae e gahieushanibienmdyosation at
a site cﬁ%‘?ﬁﬁh?fo@%ﬁ%@%d ?é*ﬁ?@%ﬁéi%ﬁ]ﬂmhoﬂﬁoﬂg}eﬁ%g r@H%’EM 2i5uBbound

integer of 1 to 6. [0054] R2XSi X... (ii) In Formula {ii), R2 represents

—

to a silicogHsami); a pREFJPEOTETISFE( CR2YbICFR) arhydlogehdentshingrganic polymer,
it is pr&é@f@&%@@%rﬁﬁ%ﬁ’sﬁ&@&iﬁ%ﬁﬁﬁ BRME M JiFereNLor:8ac:8th8n one

and represents -Call2a+t or a phenyl group, xis an integer of 0 t0 3, a is
molecyg. intEyarobII0Es Bkpxy gipyps may be bound to one silicon atom.  Further, the

alkoxysilane compound may include two or more bonding units, each including one alkoxy
group and one silicon atom bound to each other, in the same molecule.
[0052] Preferred alkoxysilane compounds of this type include at least one selected from the
group consisting of a compound represented by the following Formula (i), a compound
represented by the following Formula (ii), and a compound represented by the following
Formula (iii).
[0053] Si(ORY), - (i)

In Formula (i), each of R’ may be the same or different from each other, and each
represents -C,Ha,+1 or a phenyl group, and a is an integer of 1 to 6.
[0054] RASIHORM 4y (ii)

In Formula (11), R® represents -CyHza41, @ phenyl group, -CFz(CF2)y(CH3),, a hydrogen
atom or a fluorine atom, each of R® may be the same or different from each other and

represents -C,H»,+; or a phenyl group, x is an integer of 0 to 3, a is an integer of 1 to 6, b is an
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integer of 0 to 10, and c is an integer of 0 to 4. [0055]

R4y(OR5)3_ySi-A-Si(OR6)3_,R7z . (iii) In Formula (iii), each of y or z may

be the same or different from each other and is an integer of 0 to 2, R4
inteced (7) llwlba)ént%ﬁctge game or 'f@eregt from each other and represents -

B aH2a+ , a pheny grou[%, -8 {8 2)b(CH2)0, a hydrogen atom or a

[0035HuRFiN@RItbSIRE SO B Ry béithe same or different from each other

arl% o] tsi -%a%Zé’:\fH 8rr a &Qe%'tﬁé‘%“ eaoirs i 'eggﬁ?%%%{)gzg'cﬁoogie? Aicid is an

an integer of I)C) 8 and ¢i§ an'in eger of 010 4. ATepresents an oxygen
integeatdif to(ZHR2)atoR arphiehy kbnegreup, differ ehisiamirtehartioéribd Ge00&EF -

Specific examples I ilane compound used in the present s 6
Ce T G ey o DR 8 AR and
may btethasthoxysifafierctetraisaprbpukysiad ecanth tetsablytidsilame; peetigtyeroup, a is
an int |€I§Io%(%' fllLfg '® Sﬁl"i’lsngns isyecféra(%JSr%En%h o4 fc':lji(s?%tozf’é{latgee t%égﬁ%xx.ﬂ“%[?esﬂ%rs‘&ts an

triisopropoxyfluorosilarie and” tributoxyfluorosilan ,fO
oxygeflutrine-goHtaining pkoxylsilaresusiiehdd ICHE(TEABAH2ECKH2SI(OCHS3)3,

onse SR S BRI S SO e

includ¢GRICHICHR)BGHACHABH @CEIZ)Bicthoxysilane, tetraethoxysilane,

tetrai%9@%%13%@@%@5@@%@%@%E&%%@H@%‘a‘ﬁ%&'@éﬂéﬁ’%“3)3'

trimetigR3{UPR)S[@eHATHROIRSi(D@3y8isopropoxyfluorosilane and

tﬁbuwg;g CEQ(CH6HA)CH2CH2SI(OCH3)3,
CF3(CF2)3CH2CH2SICH3(OCH3)2, CF3(CF2)5CH2CH2SICH3(OCH3)2,

[0057h|ﬁ3@®9mmmm@tﬂ3ms}@ CEB({CH2)9OHLELRIGICHBIOCH3)2,
CF3(C%%Eéﬁ%ﬁ%?@éﬁﬂ2@?'2@_%‘&?(1%%5%5()6}{3)3, CFy(CF2)oCILCHSI(OCH;)s,

3)2CF(CF2)6CHICH2SI
(CF){GHE2BEIDE BSOS B SIOH BETORR)ZC HoCH Si(OCH, s,

. {CH3(Q: 1. CHASi
R R gy ks
CFy(CERS(GHaISIbEHANEAED2SEHEIDEFgI2ICHCHLSI(OCHS);,
CF3(Cgﬁg%E%%ﬁcgki@%%%gﬁg%?ggg@%%%ﬁ%% SCH(OCH2CH3)3,
CF3(C@Q%@F@)IZ@QMIQ@@%)%@%SECHa(OCHﬂz,
CFy(CERIBRABSUEIEIOCHEC IR IORAI letipncalisyaliy]silanes

such as trlmethoxymetﬁ Isilane, triethoxymethylsilane,
(CFs ) ek A it oy B IS e FoebioHs 6y S He and
CF5(CHEJIHOIRIHATS HAD G TN QOISR RE0E.,
trimethoxyphenylsilane, triethoxyphenylsilane, _
O NSRS B TRy HIo PRSI EHe Q6 aly
CFy(Calyemphensitivisiboss)such pe trimathoxys silane and
triethoxyphenethylsilane; [0060] secondary al oxye&lglsnanes such as

CE(Chipreth ik ar Cidthbayfeiltabilyritlakélahboo61]
[0058 Pigndke)RiARERSHERRS dudnbistHmehusit)eANe triethoxymethylsilane,

X 1,2-bis(triethoxysilyl)ethane, . _ ) ) )
trimethoxyethylsilane, friefhoxyethylsilane, trimethoxypropylsilane and triethoxypropylsilane;
[0059] tertiary alkoxyarylsilanes such as trimethoxyphenylsilane, triethoxyphenvlsilane,
trimethoxychlorophenylsilane and triethoxychlorophenylsilane;

tertiary alkoxyphenethylsilanes such as trimethoxyphenethylsilane and
triethoxyphenethylsilane;
[0060] secondary alkoxyalkylsilanes such as dimethoxydimethylsilane and
diethoxydimethylsilane; and

[0061] bis-alkoxysilanes such as 1,2-bis(trimethoxysilyl)ethane, 1,2-bis(triethoxysilyl)ethane,
I3



13 1,2-bis(dimethylmethoxysilyl)ethane, 1,2-bis(d
methylethoxysilyl)ethane, 1,6- bis(trimethoxysilyi)hexane,
1,6-bis(triethoxysilyl)hexane, 1,6- bis(dimethylmethoxysilyl)hexane,

R R R i

bis(trim@hexpribthiosaasityehrd neetHooe2lyiphthemeként invention, one or two
s i ilane ¢ b

b1s(d1%€£@é§8§§g§fgl§%e A QfY%-E&ﬁcﬁﬁ{Hﬂgiégﬁoég?@%%ﬁﬁ@ fhe above

rganic Solvent) e organic solvent
bis(trigvpiepryatyhbenssdan! thdistesentinvssitidibiciente Mdnsaisshotbasdenzene

and 1%91}’5%{}%5&8?95 lmgﬁg ol, ethanol, n-propanol, i-propanol, n-butanol, i-

utanol, sec-butanol, t-butanol, n-pentanol, i-pentanol, 2-methylbutanol,
[0062 s do-BernzgrehitiyeniianobB-midhory butambinds lvé Kamalkoxysilane compound

selected M StNXPENIaRL., S§¢-hexanol, 2-ethylbutanol, sec- heptanol, heptanol-3,

__n-octanol, 2-ethylhexanol, sec-octanol, n-nonyl alcohol, 2,6-
[0063 [ithamisepthisob4, n-decanol, sec-undecyl alcohol, trimethylnonyl

a'%‘%@ﬂlp&%%%‘%ﬁfé&%%}ﬂc%l%@ﬂ!1\981%}[194%}%9_%{%%?4{3%' rfgjéﬁpﬂlllvention include

cyclohexanol, methylcyelohexanol, 3,3,5- trimethylcyclohexanol,

monogbermlibriston yheinymbistesiiinel, eiziselonerpenol amdoprassl n{ooeadl, i-

butand?OBYEHG AlceBRlRBB el RAMGRTS: S aﬁaeﬁlxls{ﬂs(lgbﬁﬁbl%s%a%eﬁxm,et,
glycol, 1,3- butylene glycol, pentandiol-2,4,2-methylpentandiol-2,4,

pentaméx%ﬁwmxzmtmxmm;@—meétﬁ&nﬁ@ﬂaﬂbdnﬁm@s@tmtﬂwéyéb_g@@@l; sec-
heptan%'ﬂ? iRpYAGHE PRl Histhylena tlyeol: IRIQRYIGRE n%\lé‘}f;h and,glyceqn;

etone-based solvents suchas acetone, methyl ethyl kétone,

dimethyidgirrepropyiicetenesemetdyrnl leghNetomestbyéaaypyketerio!, sec-tetradecy!
a1cohomébsﬂép@é&y&ﬁemﬁom@(&o@%Mxk@gg%&ﬂg@er&w%&%ﬁ-

. _methyl-n-hexyl ketone, di-i-butyl’ketone, trimethylnonanone,
trlmeﬂ@gléwﬁ@x%zw@ﬁé,bglﬁém@bﬁb,%@WE}&W%M@?Q@WH@M@%@%I;

[0064P%§ﬂy@%@&%ﬁ1%@@a@éﬁmch%%%ﬁogi A f@%?g&%ﬁ&%@édl, 1,3-

ether-based solvents such as ethylether, i-propylether, n-but er,
butyleprigdygmbtrertandighyifexytsthein dgrine otidex wedinbgyle Aersigdiol-2.4, 2-
ethylhéiaxeliane: 4:ethyldieglane, digv Q%Héj%?ﬂ?m}’{ﬁi&ﬁ?fé%e taNgigheolene
y

monomethylether, ethylene glycol monoethylether, ethylene glycol
glycol gpdigs#dh; ethylene glycol mono-n-butylether, ethylene glycol

mMRRenR-hesedeteinte tukieneabtent mansphanylaihieh-e VB PEORER ketone,
mono-2-ethylbutylether, ethylene glycol dibutylether, diethylene glycol

methyhishidirRingic il Rie GEEST inBrstisom arctistiyRaMvg KRigne, cthyl-
n-butyfiefyiethrindistdenaeiyss] monepieislethermaisinvirna sy el ditiexanone,
butylether, diethylene glycal mono-n-hexylether, ethoxytriglycol,

2-hex P TG BRS PRO6T B b d e IOFA LR TS G B B FHatRIBERIFohoL,
acetopREapYIenR giyrabmeonoethylether, propylene

[0065]} ether-based solvents such as ethylether, i-propylether, n-butylether, n-hexylether, 2-
ethylhexylether, ethylene oxide, 1,2-propylene oxide, dioxolane, 4-methyldioxolane, dioxane,
dimethyldioxane, ethylene glycol monomethylether, ethylene glycol monoethylether, ethylene
glycol diethylether, ethylene glycol mono-n-butylether, ethylene glycol mono-n-hexylether,
ethylene glycol monophenylether, ethylene glycol mono-2-ethylbutylether, ethylene glycol
dibutylether, diethylene glycol monomethylether, diethylene glycol monoethylether,
diethylene glycol diethylether, diethylene glycol mono-n-butylether, diethylene glycol di-n-
butylether, diethylene glycol mono-n-hexylether, ethoxytriglycol, tetraethylene glycol di-n-
butylether, propylene glycol monomethylether, propylene glycol monoethylether, propylene
glycol monopropylether, propylene glycol monobutylether, dipropylene glycol
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glycol monopropylether, propylene glycol monobutylether, dipropylene
glycol 14 monomethylether, dipropylene glycol monoethylether,
tripropylene glycol monomethylether, tetrahydrofuran and

monox%é?ﬂ%@@ﬂ@}@pyéyﬁf&@giy@g @9&&&4&&%&9 tﬁ%lx\é?]aér%'gﬂr@c? H{SMethyiether,

carbonate, methyl acetate, ethyl acetate, y- butyrofactone,

tetrahydiedieialsed et ellpiopyalacbedtsaiipropyl acetate, n-butyl acetate, i-butyl

C - cetate , n e )

0066 ] Sl AL R Ao RANY LAGEIRIE, SRREINAEAG aceure,
butyro2zetinythexpl @obtets h enzyipatetatetec ygloheptylcasetatehutyl acetate, i-butyl

methylcyclohexyl acetate, n. nonyl acetate, methyl acetgacetate, ethyl
scetatd S e RO RSy AAh AT DA s
methymangetoytathercicdtatey] dietiy]netigiiool yharwome i sthercatetatelohexyl

diethylene glycol monoethyl ether acetate, diethylene glycol mono-n-butyl
acetat R At e A Saao e, i eptpacetace,
ethyleglygolnlenoethydteth ethacetatetep sdpyiiere: lyobhmenapyb pyice tierate,

diethyﬁ:%%taﬁ%%ﬁgﬁ(%ﬁ%‘le%h%g%ﬁl&:{n s eUtéﬁe%e%?lern%Cﬁ%%t(ﬁ’nqigﬁlry@ool%%&?%ﬁ% %g%é?te,

mon er acetate, dipropyleneglycormonoe erace
diethylhiye el diatetate; miathdxyrghietd tacptape] ettgl ypodb pionatesthyb atibr acetate,

ropipnate, i-amyl propionate, diethyl oxalate, dj-n-butyl oxalate, methyl
e e R e R A Lot e
propyldimethybbimthalboeya nthed ettty g kiiipadatd perg it ogems cantbginitigsadeants

: such as N-methylfor ide, N,N-dimethylformamid .

o e S TR Loy ilycol sttty
propiohiN; aitbretilyaceiaraicle; xhvinathyipraisichetimit e xahddNdme inyipyoralide neethyl

006741l ' tj [ .1h i
B ST O T DS S o

diethyiphdimtiore; thnal catalyst that can be used in the precursor composition
SQJuti : t ind of aci lyst o alkali .
S e e L g
N.N-dgthslitoaeisid0870InEamplastbf e inordanic ol drisdivdectamdide oric
methy%?bgyigﬁtﬂﬁiﬁ%%cﬂﬂfﬂ{é?h?r '%&y&ggg‘uoric acid, phosphor@c ac!d,.boric
cid and hydrobromic acid.[007/1] Examples of the organic acid include
[0067 Jadatibeapiesaptopisnitoacincoutavoioraside ladsarole asziniese aoisldon the
ahove de?}gggii&gcid, octanoic acid, nonanoic acid, decanoic acid, oxalic acid,
maleic acid, methylmalonic acid, adipic acid, sebacic acid, gallic acid,
[0068 Ihdtyielyabid, mellitic acid, arachidonic acid, shikimic acid, 2-ethylhexanoic

cﬂgtkfél %&%&9@1}%@@&% %%@ﬂ%@ A% %QQJ%H%P{:HQ p?@élﬁ%%? @(ﬁjx%osition

a
benzoic acid, p-aminobenzoic acid, p- toluensulfonic acid,

solutiogapzi heslifomienlii ashd chae fone of eadidaglonlorctkelicaelust.

[0069] Examples of the acid catalyst include inorganic acids and organic acids,

[0070] Examples of the inorganic acid include hydrochloric acid, nitric acid, sulfuric acid,
hydrofluoric acid, phosphoric acid, boric acid and hydrobromic acid.

[0071] Examples of the organic acid inchude acetic acid, propionic acid, butanoic acid,
pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid,
oxalic acid, maleic acid, methylmalonic acid, adipic acid, sebacic acid, gallic acid, butyric
acid, mellitic acid, arachidonic acid, shikimic acid, 2-ethylhexanoic acid, oleic acid, stearic
acid, linoleic acid, linolenic acid, salicylic acid, benzoic acid, p-aminobenzoic acid, p-
toluensulfonic acid, benzenesulfonic acid, monochloroacetic acid, dichloroacetic acid,
trichloroacetic acid, trifluoroacetic acid, formic acid, malonic acid, sulfonic acid, phthalic acid,
fumaric acid, citric acid, tartaric acid, succinic acid, itaconic acid, mesaconic acid, citraconic
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trichloroacetic acid, trifluoroacetic acid, formic acid, malonic acid, sulfonic
acid, phthalic acid, fumaric acid, citric acid, tartaric acid, succinic acid,
itaconic acid, mesaconic acid, citraconic 15 acid and malic acid. [0072]
acid ad@IRles;af the alkali catalyst include ammonium salts and
nitrogen-containing compounds. [0073] Examples of the ammonium salt
[0072 jnERrprapiss aftbeslishwairhipgldpsaaencrivge salifaththoHiogsthyentaitags
Compotgﬁggpropyl ammonium hy_droxide and tlet.rabutylammon!um hydro>_<iq|e.
[0074] Examples of the nitrogen-containing compound include pyridine,
[0073 hyrreraplsipetidinermmensimysplperdide fciraneeHyiiaperiomien hydroxide,
tetractByREHRVRIPGT _H]x%x%d@”'?éﬂxmwlﬂ%ﬂﬁoﬂfﬁ)ﬁrﬁgr%xi&érQE&QX{piQ@{ﬂélﬂF'nonium
2-methylpiperazine, 1,4-dimethylpiperazine, pyrrolidine, 1
hydroxidethylpyrrolidine, picoline, monoethanolamine, diethanolamine,

[o074 dimetiyimonasthanlaming, MmenoreiRyidigthaniaminine, pyrrole, piperidine,

triethanolamine, diazabicyclooctene, diazabl_c%clononane,
’!

I-metlyitpingicyefodnaetvhaiperiliraz dtinethalpine dumeindmeerinndnrerazine,
1-metﬂgﬁw@ﬂﬂﬁ?z-ﬁwﬁﬁmaﬂwmr@iﬂ%ﬂ%wmgﬁgz\bwimﬁ;@,yiamine,

,N-diethylamine, N,N- dipropylamine, N,N-dibutylamine, trimethylamine,

methylpggaidintnaicolopyripmiaplamimsutimbandaoorsfimsind menorihagahmine,
monoREIEL FARMPAUNIAS R0 alkelcomRRLNGS, IRcIuding Rlament AR (PRI Bfine,

~used as the catalyst. [0076] It is also preferred to select a compound that
diazabipeiounicaete ARseEo e fRIFEIARGrdURYREYRARTBRIY A Dothy lapote,
ethylafhRECHBP ARG, IRIBTRMIAR, 38 NSRBEHERRIAAIN, NesempRasaRie N N-

. compound") as the catalyst. The specific thermally decomposable
dipropgbybsu i tskusoradpad ey Re TE S iydrBing HiRP dasaRfeamshit
tributyB&ESRS a catalyst after applying the same to a support and elevating the

tempeartuere. Th(eé)gH of the composition after the addition of the specific

[0075 knExrary dekirhosapbeeBnpBdnand phef camprusensiaartruer ()

may béulRgthas &fliRdicating that the composition is acidic, the compound
may promote the hydrolysis due to its electrophilic reaction as a catalyst.

[0076]1f i peraiebatrd & gelkticrramp et hut deraaall yelssrapasiaidysignperature
in the Mhieh IstRIAMOtRMbYOqIRRE IRl IRstRRALIRe spRETIMR SIRE

addition of the cg,mpound, whereby problems may be caused when a
decompgsahls remepanks e FalBiiconductor. [0077] The specific thermally

dggRIFRQSAR RGN URES RISIBIab BRI ABIE cOMRONNS cHOEIRGRS time
of addilr;g)%é)l;pgn%f gulf:l raﬁ;?s bach r;déa?aijga?ctgi%&eag&g?ngrt}?(? szgcltdt% ggggpg]ﬁ:t ggd elevating
the tempeartuere.

The pH of the composition after the addition of the specific thermally decomposable
compound is preferably from 6.5 to 8. If the pH is less than 6.5, indicating that the
composition is acidic, the compound may promote the hydrolysis due to its electrophilic
reaction as a catalyst. If the pH exceeds 8, gelation may be caused as a result of hydrolysis
which is promoted by the electrophilic reaction at the same time as the addition of the
compound, whereby problems may be caused when a porous material 1s used in a
semiconductor.

[0077] The specific thermally decomposable compound is preferably an organic compound
inchuding at least one of a urea bond, a urethane bond or an amide bond in the molecule
thereof.

The organic compound including a urea bond 1s preferably at least one of the urea

compound represented by the following Formula (v).
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thereof. The organic compound including a area bond is preferably at
least one of the urea compound represented by the following Formula (v).
16 [0078] R22 O R23 R21-N-IC-N-R24 (v) [0079] In Formula (v), R21,

22, R23 and R24 may be the same or different from each other, and

ach represent a hydrogen atom, a phenyl group or -CaH2a+r, and a is an
integr ghy1 to @2Bpecific examples of the urea compound represented by
Formulaj(v) inci ude urea, methylurea, 1,1-dimethylurea, 1,3-dimethylurea
R2 ___g__r\é ethylirea,Amesputhese, urea is fadticularly preferred. [0080] The
compound having a urethane bond is preferably at least one kind of the

urethane compound represented by the following Formula (vi). [0081]

[0079E§§ ]ﬁ)gl)%%'\%lé éfljj %1(@2%3%8_ + (90821 I‘i?lel: ormula 1%%1%ﬁtlfr§r§1%§cnd%therj

a € sarhe or different frontT'each other, and "each represen

and edridepgeserato iy dqyreryboraughenyQablBasd; Guith.a isieh dntegeinafggrtof3. to 3.

Specific.examples of.the urethane compound r sented rmuyla, (vi
S SR R G R Vo
methylnctading-dimathjdertoricBisiprefeyhbhy anibastydmekind ofthe thesiglerea is
arﬁc‘%%rﬁpoy d regt)resented by the following Formula (vii). [0084] R42 O
P AINCMRE3 (vii ) [0085] In Formula (vii), R41, R42 and R43 may be the
[0080kahhe omdifferehbirong eachtlothe boadds esdhebbyes dedsa dnpdroglest dtomethane
I I - +1 a [ .integer of 1 to 3. Specific
Compoglﬁr%%% o%tél?egg%%ggcl:%?m%%upn%%ggﬁgéhted by Formula (vii) include
[0081 hcetamide, N-methylformamide and N,N-dimethylformamide. [0086] In the

pre%tﬁvention, at least one selected from the group consisting of the

[0078

ur€a comipound represented by Formula (v), the urethane compound
4 represented by Formia (vi),. and the gjnide compound represented by
“FC ‘Ulan“ﬁT 'y“ﬁ% used as the specific thermally decomposable
compound. Among these, the urea compound represented by Formula (v)

[OOSQ]IS In Formula (vi), R*!, R* and R* may be the same or different from each other, and

each represent a hydrogen atom, a phenyl group or -CyHs., and a is an integer of 1 to 3.
Specific examples of the urethane compound represented by Formula (vi) include

methyl carbamate and ethyl carbamate.

[0083] The compound including an amide bond is preferably at least one kind of the amide

compound represented by the following Formula (vii).

[0084]
R42 O
R4 'll y: R43 s (i)

[0085] In Formula (vii), R*, R* and R® may be the same or different from each other, and

each represent a hydrogen atom, a phenyl group or -C,H;,4;, and a is an integer of 1 {o 3.
Specific examples of the amide compound represented by Formula (vii) inchude

acetamide, N-methylformamide and N,N-dimethylformamide.

[0086] In the present invention, at least one selected from the group consisting of the urea

compound represented by Formula (v), the urethane compound represented by Formula (vi),

and the amide compound represented by Formula (vii) may be used as the specific thermally

decomposable compound. Among these, the urea compound represented by Formula (v) is
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17 preferred. [0087] (Surfactant (C)) The composition of the present
invention contains surfactant (C). The surfactant is not particularly limited,
but, for example, a surfactant having a molecular weight of from 200 to
pmfm%gpo is preferred. When the molecular weight is small, a sufficient
amount of voids may not be formed, and the dielectric constant of the film
[0087ImEyuHectid (6Wered. When the molecular weight is large, the size of the

foﬁ*H@Qo\ﬁ%h%iﬂb%’ol?%@&é@eﬁ%n@&ﬂi%ecﬂﬁ?ﬂﬁ@%{%%&qﬂ@E of the

obtained film may be lowered. Preferred examples of the surfactant

indloelenthesteNoning HOUSBIely bingobi fanviranpbng EnGiamiving 2
molecﬁﬂ)%@ﬂgo@%ﬁﬁ%mﬁmi; e1engachain,alifl oreiR Nt MayRes small, a

used herein preferably has 8 to 24 carbon atoms, more preferably 12 to

sufficigg egrpan. dtovids Eﬁﬁmﬁlbg Bﬁmgdhymddbﬁnﬁi@@ﬁéﬁp) ¢aaiate af the film may not
be lowdHRIEMARL ALY SR AR RIRLIr APs B UFARCHHFRANA AN I be 00

group and a carboxylic group. Among these, a quaternary ammoniurn salt

large, gty arestpgical piisn gherdriislebspadifidallyanballgnanshonium salt

reprgsaated b the. ioflowingEaumuia.eadsnereferiad as the surfactant.
[0089] CTH2"+1(N(CII3)2(CH2),n)a(CH2)bN(CH3)2CEH2L +IX(I+a)...

[0088]F Fhiepanpepns! Ebrrisd poe4 e Husderamoans! 21l iendnlin@eaivof 0 to
4.1 ALinteaeh Rl BIRupdnH §§agrbérﬁ§&?ﬁé¥e91tﬁré@rzlbf B 91898r Qfdon

to 24, and X represents a hydroxide ion, a halide ion, HS04 or a
atoms, s PatEHE bl AAito ddisAronatyIs a, BxArAlandl thareyditinlgeroup include a
quaterfi‘i}?f\é@ﬁ%ﬁﬂﬁﬁél_af@ﬁﬂ%&ﬁﬂﬂ@%@f@%ﬁ%ﬁ%ﬂﬁﬁﬁ%ﬁ%@?ﬁ% Vg

an appropriate size are formed and a target compound sufficiently
carboxyliRdHoHBs MBS B6ids BaMHERRHATYRABE e Setich ahud e fBivHaten
preferfthe voids, thereby facilitating the occurance of desired polymerization

reaction. [0091] (H) Compound Having Polyalkylene Oxide Structure

ExBReHIEaI6H tHeaberamprRiBeRribrepgesntedihy teretal srrgineneladds
preferSHUSHEEsuAR@MPropylene oxide structure, a polytetramethylene oxide
o(lg/lpblgylene oxide structure. Specific examples of the

structure and a

WOS%&%M@@%?X@ ielfkAehl Gt Stitmsturangudesmula ()
Polypxiathylenesns oxyesepyleme, Dok GRRaMH A0 to 4, n is an integer of § to
polyoxyethylene-polyoxybutylene block copolymer; ether-type o

24, m ISt FERRCE IR é%,&&%&@%@ﬁg%&ﬁ&%ﬁ%mﬂ%ﬁ@hﬁw% ion, a

halide RyBPQ@Iyangoalkyheiheraiaapelyoxyethylene alkyl phenyl ether; and

ether ester- type compaunds such as a polgoxyethylene lycerin fatty acid
[0090] . df& By WS&Q&W%W&IHH the above-described Tanges and X' is the above-described

ion, voids having an appropriate size are formed and a target compound sufficiently penetrates
into the voids during a gas-phase reaction after the formation of the voids, thereby facilitating
the occurance of desired polymerization reaction.

[06091] (II) Compound Having Polyalkylene Oxide Structure

Examples of the polyalkylene oxide structure include a polyethylene oxide structure,
a polypropylene oxide structure, a polytetramethylene oxide structure and a polybutylene
oxide structure.

Specific examples of the compound having a polyalkylene oxide structure include a
polyoxyethylene-polyoxypropylene block copolymer, a polyoxyethylene-polyoxybutylene
block copolymer; ether-type compounds such as a polyoxyethylene-polyoxypropylene alkyl
ether, a polyoxyethylene alkyl ether and a polyoxyethylene alkyl phenyl ether; and ether ester-
type compounds such as a polyoxyethylene glycerin fatty acid ester, a polyoxyethylene

sorbitan fatty acid ester, a polyethylene sorbitol fatty acid ester, a sorbitan fatty acid ester, a
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sorbitan fatty acid ester, a polyethylene sorbitol fatty acid ester, a sorbitan
fatty acid ester, a 18 propylene glycol fatty acid ester and a sucrose fatty
acid ester. [0092] In the present invention, one or two or more kinds of the
i rf t S from the above, [0093] (Element Having
P 1Opy%@ﬁ%%%g%%%?%f%%%?%%éju(r%ﬁgﬁsﬁi'ltﬁaaﬁ %g%égé%ldn of the present
[0092 Jnle thiopreontdine (DY ml envent thavimgnan: kisdsrohtgativicohibagriesstected
from tf)(glgm%"t (D)): As mentioned apove, e!ement (D) usgd in the present
invention exhibits an effect of increasing the reactivity between
[0093 bdivlsoran iV mnblcompeganti(Bythéreblesntiincing the hydrophobicity
angh e, meshanicay sirenatl, of e ingll oRIAINGS) ReLQUS MAEIIR), (0094
The specific mechanism of this effect is not clear, but it is presu ed that
electramegaigamiol fuhotidersl (greupnn(Bomponent (B) is removed by element (D)
angd.a react] ' jte s, f K 0
o B e e R CRb ek ot of
increagiolythercfio095y Ireovder tomttaneith{deffadgdtipdesivyBg, thdrebiypdrtaring the
t ' I i ihle. ' t /i
hydroﬁﬁ%ﬂ?fﬁﬁﬂ LA RIANEN R%Eﬁléﬁﬁé(ﬁlﬁ%%ﬁ?‘g%@%% ?ﬁ%t%’l%'i

respect to an element in the composition suc . In order to
[0094 |hahhe speaproméheaisttepddhivre Gtthis kidlean blsnenprevingdathdiffeeanganic
. ' lec Vi fr .S, r.Ci e cifi -an..
i S RS OB A A Sl

formeg| et onegetiinconporsnyidientidicm e lindsrip kavingantdldgttbershutioiping a

dense }H%i&t@‘?{gfﬁ%{‘ 2.5, i.e., the electronegativity of C, is more preferred,
and an elenment having an electronegativity that is lower than 1.8, i.e., the

[0095 el gt sk i ttrthisrstisteried HOODBpIEUTHes! elerniotithe e
clemeiVRIRE S PVt oRAIRA 0= AU A aed IR AAYEHE AIARBENAN cuch

_ remaining stable in the film, even if stress of any kind, especially electrical
as Si, Grpads, islappliedoNeresvennmwrstaiicatdivrat Heelsb fnolement having a

differeﬂf‘?%ﬁﬁﬂ%’&@&rr@@ié%ﬁﬁ% RFaHI0AELrOMPANGRISARAN tRSROFASy. an

material (porous film) in the object in which the porous material is used,

elemend gy iag anselfviEerREMtBHEAEE A drtittady mictaltic cleatemerativity of O, is
prefere@IREEIRLHET P8R LIBIERBLIA 8L IRGIYIRM [0 ISR IS Bgteriglesince it

may adversely affect the performance of the semiconductor itself. [0097]
electropRagBviy, erfphbtarre MRt sutAbd grerhbasing e PlscUmerRLNty that is

lower M1l but de netrdveralyRffecta semigrpdugigrewhich are alreadly
used in some semiconductor devices, may be within the scope of the

(00961 lasprrirb e HD fooaetatiter @IsRiSAP DY Bréhsrapnguaribiensens to have
a prop&@y Horan MG siusiRfilGianostamss s er en Ve, ishardio seratal
stress, iirS], g?:n}e;l? e%r‘ouiglglme[éls ?hg glectea{ltielc:i giggeeége?elc?sc ‘E(r)l ?}%L/gtge;%perty of not adversely
affecting other components than the porous material (porous film) in the object in which the
porous material is used, such as a semiconductor device. An ordinary metallic element is
not preferred as the element to be included in the porous material, since it may adversely
affect the performance of the semiconductor itself.

[0097] However, amphoteric elements such as Al, Zn, Sn and Pb, which are metallic but do
not adversly affect a semiconductor, which are alreadly used in some semiconductor devices,
may be within the scope of the present invention.

[0098] Further, element (D) is preferably an element having an ionic radius of 1.6 angstroms
or more, which is hard to migrate in the porous film even if a certain level of electrical stress
is applied.

In addition, element (D) is preferably an element having an atomic weight of 130 or
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is applied. In addition, element (D) is preferably an element having an
atomic weight of 130 or 19 more. More specifically, heavy elements
classified into the 6u, period in Periodic Table (elements having an atomic
number of 55 or.more) are preferred. [0099 resentative examples, of
mor. o R T T e o G A e e 2SR R
(elem¢hss presentintentionundiadefB 5 Ak RoEn aBar&erréd, Se, In, Sri, Sb, Te,

Cs, Ba,la, Hf, Tg, W,.Re, Os Pt, Au, .l Pb, Bi, Po, At and a
10099}, ReSs il S Ry B s e s ¥ B ana
are applendgntsdieqieddnomitreigranplode SishdPof nCEaBaelathdndid SH KR Te, Rb,

Pb, Bi ,de,As, R | an e.£0 sition acccording to the
G B 88 O ol B B SETb 5 Ao
these, metipod dor (Birodueicgele atdm (Dnis hahpartcielacty fritebs anelypadsesting of
either a met fintrodugcing element (D) jtself .ar a method of . .
SR T e e et TR Y
acccoldiclg dind etement i(Dyis moinparticsiyaimitedyfahcsexkmplas. thereof
include a nitrate campound, an oxi ompound, an. organ-metallic .
0100 e B B AR ey be ciner
a metigphuponterds (DY alcoorlin® Yatshe opresentddvahitiondre aisocapplicaldléncluding
eleme&l@g}ent (D) can be introduced using these compounds. At this time,
element (D) is preferably introduced as a mixture of these compounds
[0101 hrbthwetermmuad ogadicgsthreentsighisasardlcolwly [0b02](Sildxamaples
thereof REIRAYAY AR ESRAITALLS AUMAL] fion.AsRerding. 10
eleothl IB 0 r? & a 8%?&% ouggb?\{t?h@e%%ﬁo AR co%%nlénd and a

. e present Invention contains a sate slioxane comp
basic semrsmatedBiehbrfolowimPondulacdiylize conpoonetst({B) 2 {0a0B)RA the

presenﬁfgkzéjﬁpcéﬁ%r Akl Qgéﬁga\% [0104] In Formula (I), RA and RB each

ependently represent a hydrogen atom, a phenyl group, -CaH2a+i,
-(EBRHOED) e b8 wirddukiRddingriti R camgBdare Bdtihisytdnsgelement (D) is

preferIRMS SRRSO UM, 12 Eﬂﬂ@éﬂ%é&ﬁ;&ﬁ&%ﬁ*%ﬁe&’ﬂﬁsﬁ% Sinole RN uch

that links a silicon atom and an oxygen atom to form a cyclic siloxane
as an dgefdlire, or each independently represent a hydrogen

[0102] (Siloxane Compound Represented by Formula (1))
The composition according to the present invention contains a hydrolysate of the
siloxane compound represented by the following Formula (1), as component (B).

[0103]

RC Sj—0+—RP D

[0104] In Formula (1), R* and R® each independently represent a hydrogen atom, a phenyl
group, -CaHaar1, «(CHo)p(CF2)CF; or -CqHaa1, and R™ and R® are both hydrogen atoms
simultaneously.

In Formula (1), R® and R® represent a single bond that links a silicon atom and an
oxygen atom to form a cyclic siloxane structure, or each independently represent a hydrogen

atom, a phenyl group, -CyHayae1, -(CH2)u(CF2).CF; or -CqHag 1.
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atom, a phenyl group, -CaH2a+i, -(CH2)b(CF2)0CF3 or -CdH2d_1 20 In

Formula (1), a represents an integer of 1 to 6 (preferably 1to 3), b

represents an integer of O to 4, ¢ represents an integer of 0 to 10, d

represents.an.integer of 2 to 4,.and n represents an integer or

i A R Bt E A S Ui TR
mtegeragré sedtatryr&Senmulaintt i tHd corpasitipresctoadingdgethe presérind n
represigln\{seggqgteineragfjti),tigp 19 a:tgrmponent (A) and element (D), the obtained

porous materia ormed from the composition can be hydrophobized (i.e.,
[0105thS& yelatiler dicleding sbydtahtsktearn hetloveerechrapalithiergtresmgtiedbihigormula

. poraus material can be enhanced. Mareaver, the storage stability of th
(i B LR PRt
elemethiélpipaditioncd geurdingdtetiné resahfrimuehticnmphichincludes a
rolysate of,a siloxane.c ound represented by Formul .
nycropHDRITER. IR RRIO0S EOTIPR AR RIS BRI, senn of e
porouimprievietidaydrophisiioity, édpesiaily hhevthesporolisymétbir abisfosmied can be
impro?é[ irradiating the coated film formed from the composition with ultraviolet
UQZ) rays in order to remove at least part of the surfactant. The following

[0106 hré tassormetimetismhSoamed from the abopesdifectiscadhigve dhavitiesent invention,

whichHEIRACS B%zqgggz%‘i‘% %?ﬂsﬁ?iﬁ?aﬁ%"&%ﬂnpgoéﬂ& %%g%ﬁ%%‘&’ %&%@d{%@@m};‘?&monem

by Formula’( a disilyl compound such exam
(A), claowevél) tnd prefseraninéOntion ischotitlimmted abl heseroeas badrfohoritihe

especi%%?ﬂ&ctﬂ &Hﬂgrﬁ Péﬁgﬁ@%%g r%ﬂl'@lzgt"i}l%l Iséjl)g(?aste%lgf f %’?16%’ %om the

lonal groups each containing no iI%con ato I.e., Sl having R
Comp%:iféprg B()i.thnim@‘{m@ééh‘t\fihmrﬂ’mm@mmngmamﬁmm of dupsuetactant.
CORRING R ShTAK AR IRENSRaS ElCiANRL diRan MR ien
some cases, and Si having three functional groups each containing no
referergicderimenm(Siirnap e sefcr el rormscapimotibrear eitiobi arofer(sija (i) and a

disily| SUBP SRR RO RATRL J N3 AN RG ARD B 6,094 R SIPAG RPR% 0

_ " in Formula (1), the silicon atom at the center of the main chain composed
limitegfqrhescregseiting units of Si-O is a difunctional silicon atom, while the

[0107fWors! @%Qa"i'z@%%xﬂg){fﬂ% eodsef dneuPainohain A ciiuaiona silican
_atoms. Further, in Formula (1), at least one of the two functignal groups
functigns geowptradifcpTeathag Sp (RIcamamBIY AlwydropiobRRraad (& pheny
TR ratdapitved G 23 Halh 63 Rtk P grdIQIOBL QOIDE AIRGE Si may
hand, a disilyl compound such as hexamethyldisiloxane has two
be refafifghictitn i SissieRabIHE B R ARS(RD oIRTIEES At csHitish Tt IFeLilFRsy fymctional
groupdhedreamaiddisiionancadihaidhediree furetional growsReind iaribss atom
(51)” in some cases.
For example, if n is 3 and R® and RP are not a single bond in Formula (1), the silicon
atom at the center of the main chain composed of three repeating units of Si-O is a
difunctional silicon atom, while the two sliicon atoms at the ends of the main chain are
trifanctional silicon atoms. Further, in Formula (1), at least one of the two functional groups
bound to the difunctional Si (R* and R} is a hydrophobic group (a phenyl group, -CoHaar, -
(CH2)o(CF2)cCF; or -Cyllag ).
[0108] On the other hand, a disilyl compound such as hexamethyldisiloxane has two
trifunctional silicon atoms, but has no difunctional silicon atom.
Further, in the hexamethyldisiloxane, all of the three functional groups bound to the

trifunctional silicon atom are methyl groups (hydrophobic groups).

[0109] From the result of studies using FT-IR, the present inventors have found that a
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trifunctional silicon atom are methyl groups (hydrophobic groups). [0109]
From the result of studies using FT-IR, the present inventors have found
that a 21 hydrophobic group substituting the difunctional Si has a higher

Si o t : - [ guti
oA S ORI SO PRI o oo
hydropteduedingly, sup orntiing)thepofonstimetefindilsy, iesalitiy ttheedoea positidiv
irradiAH rding to the present invention containing a hydrolysate of a siloxane

con?pound represented by Formula (1) with UV rays, more hydrophobic
grégperdag e pitvimitne orows matentid|lasircohpiasthedthtpessageaerording
to the ﬁ{%‘%ﬁ@&'@%@o}%%g'éwﬁ&%%?é‘gﬁa@ﬁ’éf é”c%‘x%ggu‘?f;ﬂ(%nﬁgnéed by

ysate of a siloxane compound represented by Formu
Formuladult vitls H8stay®dnshahlidechhdbophushipityaf tregpotoukapatenahvaeriabas

compgl%ﬁ]aﬁlfﬁ% mr%/%}' c[glja]lgld!tto lt’édop & @1’9}%}? ’CB%S(S‘{&E;EW%%ET‘&&Q%’ Bfa

description does not indicate that the hydrophobici e porous

hydrolyraterdlasilvaakenea by adedimirschipdrbly Eatenolel isilyhsoorapduntisassumed
that thEHRBPROALAY, SPRCTIGAIN, %%t%%ﬁ&l%}?ﬂe'%‘?ﬁa}ﬁ%% frgpivbicity and the

mechanical strength of the porous material can be eéven more improved

[0110bytusting & treyaiptigsheavorer shektiserborapteaeidptiepdssmetibyiFdehalahe
hydmﬁﬂ_élﬂ@Q;%?Yﬁé_%ﬁﬁf?ﬂ?&@r%ib%%ﬂéﬂ%&'B HB&H@Q iﬂﬁﬂ%rl‘ysad% Sg g‘@i@{ﬁg

with thé case in which only a hydrolysate of a siloxané cormpoun
compa@ptéseatepobynFGknula (1) is used. [0111] The hydrolysate of a siloxane

CaPRARRG FeRIESENAEEYAFL MUIR /MR ARR R85 A% HESCHAST 8RR h of the

function of improving the strength of the porous material by binding to

porousTHFHBBRLTRI(AG Y thanoresetEeveHdix mong (Y doddaor ot fonensipound
represQtEARROY RIS (PP/QKQ RNARRIGINLES Jre BRIRHS SRAGERL YOSRAVEEHINE as

hydrolysate of a siloxane compound represented by Formula (1) also has
compage WeHoiD Easeprovikighieastaragb sty lof sHexcomprisitivmdoareyented by
Formutd @D #hgsuigwpoint of attaining hydrophobicity (lower relative dielectric

constant) by performing UV irradiation, in Formula (1), RA and RB are

(0L} Ebsraptyoasisgireba sikesne sopmenygrptryeres bioKomyalad bralaecys as
descrild $8R%08 flHRDPUF ERM Gk MOte-RIsfie e 3 JRME AR AIANY Bihding to

-CaH2a+i (a is an integer of | to 6), further preferably a hydrogen atom or -

compopgifi pA 10 HePEFsRES bl 8)) altp Pt tar o fiensFamp Dmepsrrng the

hydropHad BRBsF thedsegrn tamaand the other is -CaH2a+i (a is an integer of 1
to 3). Further, from the viewpoint of attaining hydrophobicity (lower relative

didfeEEAE SR TRNBCARG MO I the SHReRER ERasadiA bR & ampuiad R also
has a fEhafRPETRIBRIY @ SiRelahepdsthalilinks @sligepoaies and an oxygen

[01 12]at§£ngotﬁgr\5?e\%ggi%‘g%i§ i‘cisc)téianri]r?gsﬁ%%%fo ii'g't’yﬂe}gwer relative dielectric constant) by
performing UV irradiation, in Formula (1), R* and R® are preferably a hydrogen atom, a
phenyl group, -C,Hz,1 (2 is an integer of 1 to 6) or -(CH3)w(CF3).CF3, more preferably a
hydrogen atom or -C,Ha,4; (a is an integer of 1 to 6), further preferably a hydrogen atom or -
C,Hyerr (a is an integer of 1 to 3), and particularly preferably one of R* and R” is a hydrogen
atom and the other is -C,Ha,+; (a is an integer of 1 to 3),

Further, from the viewpoint of attaining hydrophobicity (lower relative dielectric
constant) and improving the mechanical strength, R and the R” are preferably a single bond
that links a silicon atom and an oxygen atom to form a cyclic siloxane structure (i.e., the
siloxane compound represented by Formula (1) is a cyclic siloxane compound).

Further, from the viewpoint of the effects of the present invention, n in Formula (1) is

more preferably an integer of 3 to &.
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siloxane compound represented by Formula (1) is a cyclic siloxane
compound). Further, from the viewpoint of the effects of the present
invention, n in Formula (1) is more preferably an integer of 3 to 8. 22

0113] 5.Cyglic Siloxane Compound The cyclic siloxane compound is
mlBLré@ﬁBf géi%?ﬁﬁoéuor%ﬁ%&gr]@ at least one hydrophobic group selected

frahharyalieydigseupe havipguhdascoipfaterBhlyc dipd)mbkbon gatoins i@

henyl group, at least one hydrggen atom, and at Jeast one functiopal
e R TR Al BRI P Bl GEMP R ifed B
atomsalkylpdgronyp snclpdetdeameshylhythupemnteihyd gl aufzast prepyingruwal ancup

butyl group.. The alkyl group may have a chain or branched structure, an
sl AR b LBt ) R e B
methy!i l@pﬂmamalbgl@@tpm .@-q@egtedﬁmm zflb@fjﬂ! @roioriréhduiiyiinesapanay have a
chain I(r%d[[))lr%?sﬁé}rl]oé- (%-%li’ c-:lihxge,? gﬁg&\,}%sﬁlg §z‘ é]’,%?%?é{% llg%ji%sg;])rg%f}g E%@Xb%tﬁgpqu %ijz r}adﬂuorine

atom ¢SIRARQO) (S RADRAMQ)opiS$RARRAB Odm (A {RiiE6 E MoFRasrhiad(i)y RS, iodine.

R10, R11 R12 and R 13 each independently represent a h Q{o en :
0n14 e Rt e P SR SRl B ovine
Formdm@R9 are both not hydrogen atoms simultaneously, R10 and R11 are

[Ousﬁoth not hydrogen atoms simultaneously, and R12 and R13 both not
~hydrogen atoms simultaneously. a represents an integer of | to 3, b

I repre“"‘sen‘“’fs_r‘“—ro'r‘zr_—‘jan INtEgEr of U 10 4, c reprasents an integer of 0 to 10, and d
(SiEBre%E) &R Mg dey of S0 2k rfjormula (2); Lrepresérds an integer of
0 to 8, mrepresents an integer of 0'to 8, n represents an integer of 0 to 8,
and L, M and n satisfy the relationship 3<L+m+n<8. [0117] From the

R e SR S T

atom, ahpreferaply L Hydrogéalitb il Faghienyl dretip, ~GaHRA#1dR jemrboth not
' f - F
hydro é@ﬁ.eggl{{lxg skﬁﬁl(mr%odg' \ %)E(&Eﬁ@ e I d ﬁ@g?gg@%&%}?ﬁgﬁ%gﬁsm and

, or-Ca za+1 (als an integer of 1 to 6), further p
R andtBm bpthawHizedrogenistamsrsiaysiastausdyd), and particularly preferably

eitherARels ﬁ*ﬂﬁ(%{{&?%@ 2188 WhllG 106, QIR I8 LePERA14(@ 18 @0sents an

' integer of 1 to 3). [0118] Spegl’fic examples of thecyclic siloxane
integepghthioult #€ldderfEsIBsRtriirIS oY 4rimethylcyclotrisiloxane,

triﬂhﬁ&ﬁfﬁ{ﬂ'@?j‘j‘yﬁ %&?ﬂ?’éﬁ@ﬁt’egg%f‘@%yé%‘}'@ﬁ‘é@éﬂ%ﬁ%ﬁe erof 0 to 8, n
1,3,5,7-teteramethyl-1,3,5, 7-teteraphenylcycloteterasiloxane, 1,2,3,4,5,6-

represeis A YRy Otisi Bseitbl, M and n satisfy the relationship 3<L+m-+n<8.

o117t ﬁrérﬂﬁ?é%ﬁ?@%h?o‘f ’ Qtt%ﬂﬁﬁ@ﬁﬂ%%}ﬁ%@iﬁt[tﬁﬁu%?gﬁ?e :H’li%ité(%tric _clzonstan t) by
perfon%jigglg‘}razdéft?og I\%E?gf tg\?itcr)llzltl ?;(}?é? ?{’8 ?—i% ,51’{710',[(31{@,”1]{% a%g %5 ?aierggfg;(a%?;? a
hydrogen atom, a phenyl group, -C,Hz.+1 (a is an integer of 1 to 6) or -(CHy)(CF;).CF3, more
preferably a hydrogen atom or -C,Ho,+ (2 is an integer of 1 to 6), further preferably a
hydrogen atom or -C,Hy,+) (a is an integer of 1 to 3), and particularly preferably either one is
a hydrogen atom while the other is -C,Hz,+1 (a is an integer of 1 to 3).

[0118] Specific examples of the cyclic siloxane compound include tri(3,3,3-trifluoropropyl}
trimethyleyclotrisiloxane, triphenyltrimethylcyclotrisiloxane, octamethyleyclotetrasiloxane,
1,3,5,7-teteramethyl-1,3,5,7-teteraphenylcycloteterasiloxane, 1,2,3,4,5,6-
hexamethylcyclotrisiloxane, 1,3,5,7-teteraethyl-2,4,6,8-tetramethylcyclotetrasiloxane, 1,2,3-
triethyl-2,4,6-triethylcyclotrisiloxane, 1,3,5,7-tetramethylcyclotetrasiloxane, 1,3,5,7-
tetraethylcycloteterasiloxane, 1,3,5,7-teteraphenylcyclotetrasiloxane and

pentamethylcyclopentasiloxane.
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tet-aethyleycloteterasiloxane, 1,3,5,7-teteraphenylcyclotetrasiloxane and
pentamethylcyclopentasiloxane. 23 The cyclic siloxane compounds which
can be used in the present invention may be used alone or in
comipatian. g MiR-Ql MRS KRS BRI ARG RESE SYSHS NIRNARSR Ay b
1,3,5,%%tramethyl%ygIo?etrfas%oxane_%s pa%ularly préﬁflerreci. ’%11.9%[111 . ay be
used alpisiy GempbuatipIT hé tesnaposio KiofshibepeeSentimpastibesprafdiabiloxanes,
135, PegiaifsR ydiglusaln ol A s compoundsdee. the disiiyl compound

Is a component that assists the siloxane’compound represented by
[0119FdPasilal @yrapripdhien used in combination with the siloxane compound

_re@ﬁ%sc%@ﬁsgsayo%%myéapéégeﬁbﬁl@&%ﬁcff&%%l ggmgf'gyaqe%g%ﬂgate ofa

improvements in hydrophobicity and strength of the obtained film; as well

disilylggapersdan effect of increasing the storage stability of the composition.

[03R0) The £eAsPLLIRh IS SR SR AP RS aSfollaws s RReallically, Jvhe"

the disilyl compound is added, unreacted silanol groups that are present

repres NGO GrRIENIE bly e HeRINGeSio 2caRbinmtia Skelskesi{maRiaspound
represERRUPPRLEHALAN SPURORATL(EN A1R CaRARLA & wesaRRehin iy

group. Therefore, it is thought | the effects of adding the disilyl _
hydroplsrpisdiiriadridroastaniche ebsrinehidnnastelhisciranic an sieagoh trmaging the

storageSRINSRBAGK &ieRiddtiectrochem. Soc. G, 2003, vol. 150, p. F123),
which is due to the binding of a hydrophobic silyl group film surface that is

[0120 Jarisr aannifer shignsigrewpethtadditioftstie etersiBeatiprobmghndisilyl

compd WY RPRRRIE T Ry thgs Rydrep %ﬂﬁiﬁsst'}l;\élt ArOWPedeHI S éﬁ&%&ﬁf’c SAPRIBGhaving

~ " of a terminal silanol group of the inorganic polymer also inhibits excéssive
S10; aﬁ@%@ﬁi@ﬂ@ﬁ%@m@m@wﬂ%@ﬁpﬁ?&)iﬁlﬂmé@é@pﬁpégﬁﬁ&), M escampag tith a
hydroﬁh@@i@ﬁl@ﬁ%ﬂﬁﬁf aoding thedisiyb campay %@ﬁ@c@qgg@fd%{k%f@@sﬁfﬂ

improving the storage stability of the composition. [0121] If the

compaipiich sdiiSacEsHRS toRrey pre denterienieH sortaihshicughyiSpring-Back
effect’ ¢PBRAURMN RS CMGBORHIRN ANIMMATrkably INRIAYR e BeEhaNedle of a

strength of the obtained porous material, especially when the porous

hydrophabasisifvs grHL0BY SRR ARG thisesatbariths rhetevin iheddition to the
effect 6PTARASIHAR AR HHHPHOMEE (LYY IRYSJ00FNRe6IO fBMeYsua!t leasiRaltalce the

the surfactant. The reason for this effect is presumed to be as follows, but

capping,af g teratnih SHARBHEO R I iprs B Sputinls P bl e assHEE
polymahaxeihe fydrephabiciarour substituingdheddfunctionabhpingitine eisibdk of

. compound is more likely to be free by UV irradiation, for example, as
adding the, disthil GORPPATRAGHR BIOHE BRdiis S dmRtRg e dhgiftiorees Attty of the
compddigdsiloxane

[0121] If the composition accordng to the present invention contains a disilyl compound, the
composition can remarkably improve the mechanical strength of the obtained porous material,
especially when the porous material is formed by irradiating the coated film formed from the
composition with ultraviolet (UV) rays in order to remove at least part of the surfactant.

The reason for this effect is presumed to be as follows, but the present invention is
not limited thereto.

Specifically, as mentioned above, the hydrophobic group substituting the trifunctional
Si in the disilyl compound is more likely to be free by UV irradiation, for example, as
compared with the hydrophobic group substituting the difunctional Si in the siloxane
compound represented by Formula (1).  Therefore, by performing UV irradiation, the disilyl
compound loses at least part of the hydrophobic groups, and thus enters a highly reactive state.

Accordingly, it is thought that the disilyl compound which has lost at least part of the
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compound represented by Formula (1). Therefore, by performing UV
irradiation, the disilyl compound loses at least part of the hydrophobic
groups, and thus enters a highly reactive state. Accordingly, it is thought

hydroﬁﬂacﬁ %ISH%/ gscl%r& Bt \1/1\4? Ctli]]e 2 OStn oleaS& Hart Oggllge(%%ént (A) and
C groupsisin uce |ntot eton orm

Comp@md@)eme@b)aﬂdﬂw mmmmaemg Bie thecrbduy cfwmaem gﬂpuﬁwimgpkhbton
%Ch 0l laolnset en%th i e kee (IZ%E’(I)}nOSAI\POrIIl]%Qg(())I' g %)lle I\'N‘pee h IHVGHUOD
composmon accoréflﬁg ?he present invention includes 4 dis fﬁl
includ@@m@mdmb@&h@suwkatrhe sdwwpmmminpmeéeemecb@ydadmﬁdmmma (1) particularly
r rov. hydr h icit wh|I I com oun
o L R P AT TR e
mecharoates filrgthormea mmm@dnq:bnmm@fm&mmﬁ\mmuhmmab{iﬂm) is
irradid mpound is preferably a disilyl compound
Hradt r%é?é’g%ﬁe%%? PFug Formula (3). [0123] R14R15R168Si
[01221-)((&)Sd§3113’ﬂ?4<8mnd 15(3)€[f¢1ﬂﬂ}/lm distphelaByuRd ApREEpRA By Ri7following
Fomﬁﬁ nd R'9 each independently represent a hydrogen atom, a phenyl
group, -CaH2a+1 or -(CH2)h(CF2)CCF3, a represents an integer of 1 to
[0123B, b represents an integer of 0 to 4, and ¢ represents an integer of 0 to 10.
14 75 L@PLresents afom or >NR20 0 represents a hydrogen atom
RTR r]£ é )2 %CTI%W ﬁg Besents an mteggesejf Ito 3. [0125] Specific
examples of the d|S|IyI compound represented by Formula (3) include

[0124113?3}‘“%@% ?3” G @ h’d SI ?26% ’d?ﬁ‘i‘g%?ﬁﬁé% Sldli%ﬁ?g%gé’i’ié

hydrodeneattisilyd pbmpbgmd@ wmmnlbeaﬁgqaﬁzﬂaemc@aemdmmmﬁm@yrbﬁ 1to
3. br used %Ione orin co b|n tion,of two or more kinds t §6eof Among these
eH“Sﬁy’i‘éoaﬁ%b% hds) e gf}l(%/f;&eﬂ&%{ﬁ%% ng’éﬁ(g ﬁ%}t%er the disilyl
cdm@q)mdmmesemeﬂ wxﬁwnmai%)ﬂ"r?aymesaﬁm iy ombinasiarith ..,
and e %fygghﬁztr sil m%] E} amples of the further silyl compound include
ffine issallyl cel%rld)e trie iylsilyl chloride, trimethylsilyl dimethylamine,
{OlZS}rﬁp@thf}l&;&yhﬂ;ﬂtbyiﬁthmm drimpthytsiyhdipheny/tantinen (0125 is¢hide
hexame @ f'lzi%glllm BF>I(If£nt 1(P qus'aﬁ/la erialy -I;lh ? [ and e te“a %tpﬁl ilox
£ iRvantion can Btaimed” by aﬁhﬁll e compos Oof thg" oxane:
hexaeqhgésbmtqmmamh Imx‘@hesglbﬁmtctmfmrm Tﬁlmh’quys‘numnpayads sw!h;ﬂnﬂmgbe used
in the }t%rgsenli 1116»%1 HOHReR It\?enulsaé/ I})%ca ‘#'eattm%li r(])tﬁ% g Irorgzdlr%tfl}? s the
eat-treated compasition layer wi iraviolet rays. URter, the obtaing

Amonf|thessalibdySubjeptedds, Sibytatiothyisiig exsilylamgfameht.

Further, the disilyl compound represented by Formula (3) may be used in

éeof

combination with a further silyl compound. Examples of the further silyl compound include
trimethylsilyl chloride, triethylsilyl chloride, trimethylsilyl dimethylamine, trimethylsilyl
diethylamine and trimethylsilyl diphenylamine.
[0126] <(b) Step of Forming Film of Porous Material>

The porous material of the present invention can be obtained by applying the
composition of the present invention onto a support to form a composition layer, subjecting
the formed composition layer to a heat treatment, and irradiating the heat-treated composition
layer with ultraviolet rays. Further, the obtained film may be subjected to silylation using a
silylating agent.
[0127] The support is not particularly limited, and examples thereof include glass, quartz, a
silicon wafer, stainless steel and plastics. The shape of the support is not particularly limited,

and may be any one of a plate shape, a dish shape, or the like.
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[0127] The support is not particularly limited, and examples thereof
include glass, quartz, a silicon wafer, stainless steel and plastics. The
shape of the support is not particularly limited, and may be any one of a

(0128 PatR-ShaReuasish *haRenot e ik 2R3 28 & &P@H&%ﬁaﬁ% Jimited,

he composition onto the supportis not particularly fimited, and examples
and exprapdef theteefdnghidalyhemiotsiBodnsasheas pinrco atingnga sthide daccesting

methot@ﬁ%ﬂaﬂgc@ag}% ?IQQHBQ, Reedpnd tﬁ&"'@&%ﬂﬁ)@éﬁﬁ%ﬁé@%é %iﬂﬂ’?e%%ﬁe?c%gtin g

e spin coating method, the support is placed on a spinner and

methogo thing Ayt ipireprtiotr thees appdie Whileg datidgkeosandeattberatpport
while Pi19M8 #00:19,10P90.50Tk By-PEHOHBADGHA2UM, FeREBERBRMARHR o

(composition layer), which is a silica sol containing component (A),

precurgpipaaEat (BnBositHetalst ¢0) aiichlisrmeHicDy isdolprunrtnposappai.
compdRdA BT & ARBIREE $amPasiion: ayerisSURIa iR AHO-a Rat treatment in

the next step. The heating temperature at the heat treatment is preferably
[012%F0hhe0bleenad oanmrndtisade s dtriehicals hie atlsnb i tnemednton dopisas siep-

a heatleaiment Retarmadiatia Lapapatafiie e@M%E#WQ@% 13 Qe

to remove volatile components such as organic solvent or water
(IoVhredwddreatmerth earravdtomed ) cram e treapaseetmbeatgesionpeichatfarmed at a

tempe TR Ig‘[\%lo éﬁ%%o%?'@@ﬁ{?'ﬁ § 'i'(%r%rogp @éﬂ%ﬁg&% 5ol rg%%as%hw%p i&%anic
as been added for the tormation of voids, by thermal decomposition
solvenfhngh-temeraterepkeattedetrmentinBingeativeagregursammaterebrmed at a

immedi .. after, the application is in a state in which the organic solven
e e BT & SR AD S LR L e e 1 B P o
the forvadaitie cOnmpknenthdnnpedieunipgsatiloniicmmpataietedre abtitaataapht )l he

temperature for the low-temperatyre heat.treatment.is from 80 to 200C, .,
i frcha bR B e S e
the orgeolatdelveampongntsssatiovihedin oig anicisobrantierialaieisqaafbeddnovedyve the

.,while not causin oblems such as swelling or peeling of the film. The
volatil Colpineite By SeHQIRINE A fonipRiatirceal BEHPE. 1 et for at

leabe keminsitewlalibihReCloning:nateraay: heae xicemelhy ioiiereowheoute,
time exceeds a certain degree. Therefore, in view of efficiency, the time
petrf %

Mol dbethture RO HOSIFORETAIN R FRIHE T80 Rl Ufes.

compohBftmetros tor heatingdhesilGasaobic RObO astitiadl wiMmitees @rdiaf¥roblems
known -methods for heating a sol may be employed. [0130] Next, the

such ap AR REGH R BA T Aiment RE darEMBITa R gL AR RN e

sufficitemper atutadidee hightlempenatuigchoat fieatmaptise they easiertitly lowered
ecomposition of the surfactant is_to o¢ccur, Howeve, in, view of the,

when B ey SR KBY B B GG G SRS fme for he
low-teprefefialely 400 Canh davwe paterebipratarably 86Q&iardewer. Further, the

e eeig%tt roed i?oP 1’1%1;(%{%3 lt‘\{lezg)iﬁ)iga%[) !9 ggtr ’pg]rgtr:%lar}y limited, and any known
methods for heating a sol may be employed.
[0130] Next, the high-temperature heat treatment is carried out.

The higher the heating temperature at the high-temperature heat treatment is, the
easier the decomposition of the surfactant is to occur.  Howeve, in view of the problems
during the semiconductor processing, the temperature is preferably 400°C or lower, more
preferably 350°C or lower.  Further, the temperature is preferably 200°C or higher, more
preferably 300°C or higher, further in view of the processing time. The high-temperature
beating may be carried out under any heating atmosphere such as nitrogen, oxygen, hydrogen
or air, without being particularly limited. However, the high-temperature heating is

preferably carried out under a non-oxygen atmosphere, since if the heating is carried out
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preferably 300C or higher, further in view of the processing time. The

high-temperature heating may be carried out under any heating

atmosphere such as nitrogen, oxygen, hydrogen or air, without being
durinP@dicHiRUYImERH pFeUEHRS, TR IBIamRe Al e heRtng d8 refedtilition of

carried out under a non-oxygen atmosphere, since if the heating is carried
Cu wigggoe Higingesidaiinie sHaDmbesretBsaimen &l npRg e ésEniceamaigsphere in
whichi i §aSee s HaeReaNanRL (b WG rotherai-exidating, AlresRARISAS

~ mentioned herein refers to an atmosphere in which the oxygen
heatingy iceR B0 45the time of performing sintering (high-temperature
[013 1?%%%@@%@%&5&%&&}% Mg of dheiafarepmantionadniig heat
r

eatment in the present invention is paritulcaly preferably carried out by

paritulsahautiryably eompbanidty ursH e HentrenaTiEnAR RyB0C idogotsatprnt at
80°C RHEseUehiIBahRAtesMRt pLANRG 408% (0438 the present
Invention, it is partiucalyr important to perform ultraviolet ray irradiation to
[0132}héncbmprssiidrniegsiomat ampemalsu b}méanfdwn@ﬁeﬁntv@_a@m@m, Ty
irradiatlG}BlHOPTING AR oM MieHal thak SXPILUS A oW ARIGGHIG LRSI iew of

f
and a high mechanical "strength. After conducting extensive studies on
forminga pfients oRigne\isieexhipifradiatoheieaas conns gy foghdrsghehaal
gm_e relative dielectric constant can be further lowered and the mechanical
strength can be further improved when irradiation is performed with
ultfeitep e dagangitriisnsisgstidcrary Beshiseti cdB et radisaemipn, 1t was
Sumriaﬁﬂgm\%ﬂbtﬁg{ avdqlah FAu iR & SREEIIE SANRS IR KORRPSIAR.

ayer, either one of the two functional groups bound to the difunetional
mechagjied 5 LErpSH (ST e dBrfiss HBREYBIY Pk itkedialiends RETaHaR BV ultraviolet

rays w'f&'iﬂ’&"ﬁaé@ﬁc%ﬁ@éﬂes free from Si prior to the other functional group. At
this time, as mentioned above, the hydrophobic group bound to the

diftiPRaiBrall siEsR ABNItess FRERNECH VB rANEHSgiRY STy BiaaAecific
range, WRER SEREI0RR P34 AU R Bris SrYIrReenRIGMARLIRR Sthekitane

hydrophobic group, the hydrogen atom preferentially becomes free from

difuncppplifdligRn HeardphdpietgBORFR AitiNscatcdhar R & i wikd Ruiytsamula (1)
becordbfrtRensite &t which the bingtienaligraveehsi had heenmelininaietbw@babove,

brought into reaction with a silanol group present on the skeleton of the
the hydpnpoRitiaromsy Be v e by tHENRIRPRIIE SAEHEPErotS Weedrénhs/dee-

ThereféeEnNhe:shaletonabntBrIce MROsItIRN AN e MOrgeNeI@sIeRY A3 the other is a
composition layer is irradiated with ultraviolet rays within_the above range,

hydrophghis g3are ditt trdiaper o prdpieng P rspamtifig off g §ievhilg s

hydroStithi@kRapRehRBsig: Bprmula (1)) was maintained without becoming free,

and as a result, a certain ) ) ) _
Further, it was found out that the site at which the functional group of Si had been

stren

eliminated was brought into reaction with a silanol group present on the skeleton of the
composition layer, whereby the hydrophilic silanol group was removed from the skeleton of
the composition layer.

Moreover, as long as the composition layer is irradiated with ultraviolet rays within
the above range, it was found out that the hydrophobic group remaining on Si (i.e., eigher one
of R* and R® in Formula (1)) was maintained without becoming free, and as a result, a certain
amount of hydrophobic groups that was sufficient to exhibit hydrophobicity remained in the
porous material.

In view of the above, it is thought that component (B) functions as a reinforcing agent
by binding to the skeleton of the composition layer, while removing the silanol group that

forms an adsorption point for water and maintaining hydrophobic groups in an amount that is
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amount of hydrophobic groups that was sufficient to exhibit hydrophobicity

remained in the porous material. In view of the above, it is thought that

component (B) functions as a reinforcing agent by binding to the skeleton

of the compeosition layer, while removing the silanol.group that forms :
neces 1S S U ar AT Ry HELHEPIC QRSO Gl having
low d@incuictdhairas 2hdaddghanydioeaitairsinyartpRdbioiyd. As a result, it is

h u%ht_th t a porous material having a_low dielectric constant and, a high
10133 e e D 0 SRR R P 12 e
describtidgdatet rayttredtmentiindos dell dorefgtain the above- described porous

material include the following. For example, the wavelength of the

gt thcieria s R R AR A ST
more pocEGbE-Wh ef0thedv@wete ngifhisiwhithiathiengtige, whigiultravialg rdys

have energy that is sufficient.to.separate the functional group in .
sy TR S SRR SR IR DA ingompgoent
(B) fran ihfludhea etothe tifhe inesaparition obefunctiomadgiofipeocdhue like time for

ndt igher the intensity, of ultraviglet r is,..the shorter time for .

separe g D S e T P S e e T B s s
the shondf/tm2inmdre preferatolycirobe.5 tO120choWy/ cednidtsan therirftealsityfiom 1 to 50

mW/c%ﬁhri{rxlo%iSr@@x%%i#g%nilnge t%si.télliéﬂ }factrrtl@.o S&W” taaéailrll té)ng’l § iasr%ft%tl;[ﬂiefhis range,
urictional group ih componént (B) fronmi the silicon atom, or not too [arge
the inttmsépavate @b fumelion&lifrospsainteshegonenti(B) gthereby odgtenioratiigirom
0134] The
S

,the hydrophabicity of the, obtaine I mat rial.e[7 .34
e s o e S e T LR B o e gty
deterigrrsnegpieféraiohp idrtith 0fith@ 560G nsdrticulasimprafelably from 200 to
10134750 (e ludiation s prelerally camed,out at gl Iemperatuie, S1GE. .

he reaction rate can bé “increased th'terms 0 seSaratlon of the functional
more grdupitofrdhelsilicon s16m) panit thelyeackivmbbe fvee DdheosiEDOM Which
i tthe furé%?n roup.is separg{ge%and the silanol. The time for the
uradiafien, (AN VP Ibr SETER0 S 1E HOE B RIS ira RE BT FS95FLARMER R Hed
increasud invithins 29 sopauiesnmbdiie: fuaiataldy withinftosndie wiéisofrarpnihand the

. economic viewpoint. F rt%ﬁ the irradiation is preferabl arr'eg out at
reacic BelE i g S HEMS, GG OROLHBE YRR RSy ol The
time forrddiafivavislprefsrabliadoad it pander aryoinawdzingisairalsghigrearried out
s en oxygen is present at the time of.performing ultraviolet.ray. :
it T AR AL by e A I A SR BB
Furthegrowpsrintitnefilin ardooxdidizedr dthereby 1@demsing thehameigatodffthen 0.01 to
dropﬁobi roups. Accordingly, the o n concentration is preferaply.

RN el e T R 2
atmosgomposibonlaygeépasquesonateriad) tafte o bpmfpranibjecteavioltheaylraadddabn,
ozone 18 éli{eai%%%g%@ %@%H&&?&f@t‘%ﬁ?g gfl%f:%ﬁg k%}?d?@%&%lﬁtclzogqgﬁ%%tﬁ %{]et film are oxidized,
thereby reducing the amount of the hydrophobic groups.  Accordingly, the oxygen
concentration is preferably controlled to 10 ppm or less.
[0135] Further, in the present invention, the composition layer (porous material) after being
subjected to the ultraviolet ray irradiation may be further subjected to a silylation treatment
using a silylating agent. The silylation treatment can be carried out by a known method
without being pariticularly limited.

The silylating agent is not particularly limited, and examples thereof include the
siloxane compound represented by Formula (2), the disilyl compound represented by Formula
{3}, and other sily! compounds.
f0136] As explained above, in order to obtain a porous material having a low dielectric
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using a silylating agent. The silylation treatment can be carried out by a
known method without being pariticularly limited. The silylating agent is
not particularly Iimited and examples thereof include the siloxane
und re ted by Formul (2 the disilyl corppound re esented
Cons{aél? Ei‘—t{c))rmu a g ekt %F %ﬂﬁ’/ & %poﬁn s ri% E‘%)‘lgp a%r%‘él la%%\?e, in
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exinbutsaﬂmtingttﬁmjfdmewmmmaymm raybtimadiditioddiadavorptiepdious the
terial that exhibits excellent characteristics may also be obtained by
dong component (E) to the composition. [0137] <Porous Material> The
[OiS?bo?Bus)ma‘tMahai}cordmg to the present invention is prepared by the
pr. method as explain bove. The denS| of the u
e B e S R R By ppytion
methog, @Smfﬁﬁlﬂ:dcﬁmmeferably from 0.7 g/cm3 to 1.2 g/lcm3, from the
viewpainl. & Iaviering e elalive dleleeite sanstantand '”tecgfﬁ%vrm Serably
mec anlca strengt at the same time. The dens escrl e
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of lowgﬁ}é ﬁngxp Iﬁlzlv d %fé%% %&%%Pahkﬁv %)S ga%es%%rc%%mggost% 91 al ik same
Wave 41 angstroms scanning range o to 1.5.
time. [0138] Further, from the viewpoint of lowering the relative dielectric
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accor resent invention preferably sati range o
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awavé@x?%hﬁ&“}@dfl‘@"'ﬂ %. E%%Hgﬁgrel 9%?\6%‘1 frgma C-H

stretching ‘movem yl group fter, also Teferred to as

[0138] peach@y; ¢ étmm:gnanofritemuygt t(xll)ebﬁafm dttd;m@tmpﬁatkt dedvegroving
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eferred to a pea €eing not more t tlmes as muc
Satisﬁmtemﬁwra(tgmthexabsmnpthm @%akld&nmammbmt@nweq@mmrﬁ from 1800

cm’ gmmmgf“rgi %vﬂlg e ‘8 %@oﬁ%‘éﬁg &?ﬁﬁ@%&@%@rﬁ“&%&%ﬁﬁ

derived an Si stretc Ing movement o group

movenfketeinuitelicdisooreféheseinalies, qé@ake*(“ﬁm)@i, theswavan(iniberivbraofing an
intensi?iikg(glkgtﬁ;%pﬁgs&%qgﬁ BBJ}&?%H&Q& eI AL Hl)ettﬁlffgorfﬂgggﬁgeﬂpg@ $Zion

group (hereinafter, also referred to as “peak (1)) being not more than 0.30 times as much as

COHlpOS

the intensity I (I) of the absorption peak derived from the C-H stretching movement of an
alkyl group; and (IIT) having one clear absorption peak derived from an Si-H stretching
movement of an HS10; group (hereinafter, also referred to as “peak (111)”), the wavenumber
thereof being less than 2300 ecm™ and the intensity I (IIT) thereof being from 0.5 times to 3.0
times as much as the absorption peak intensity derived from the C-H stretching movement of
an alkyl group.
{0139] In the present invention, the infrared ray absorption spectrum refers to a Fourier
Transform Infrared Absorption Spectrum (FT-IR spectrum).

The presence of peak (I} indicates the presence of an alkyl group, which is a
hydrophobic group, in the porous material. Accordingly, the absence of peak (I) indicates

that the porous material is not hydrophobized. If the alkyl group is a methyl group, peak (I)
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times as much as the absorption peak intensity derived from the C-H
stretching movement of an alkyl group. [01.39] In the present invention,
the infrared ray absorption spectrum refers to a Fourier Transform

is seer] ArREELL ANSARIQR g&g%}r%d% IR SPESITULY- The presence of peak (1)

indicates the presence of an alkyl group, which is a hydrophobic group, in

[0140}hBasbrdUsreharetoad. ek olatimglyfrie atbSehtd pfqppaknd)isrticatemlihaten at

around G RPLAYS M 6aén'hsmot hydrophobized. If the alkyl group is a methyl
group, pea[< %%29 IS seen at a wavenumber of around 2900 cm' to 3100

| erhhq@nieoyiPeeiogkrdidis poefepdi Huriver:flom QAGHDNM Hroupsesty isf peak
(D), i.cSRECHicAN 5§50k Q@g@iﬁ%&%ﬁ%ﬁ@ﬁ%@'mEH%%?”S“y of peak

(1) Is preferably not 30 of the the intensity of peak (I), i.e., the
interesidyoeabio itligl preeyyad prastdrabiyehbe imsektdanv0Boe®peicifichdpaitaline in

the rarf¥8 RSB dhereighkeh Bﬁ@kioélﬁow%f@a%% W RRLASEHNE I #0€height of

range of from 3300 cm -1 to 3800 cm -1 is not more than 0.30'times as
the abysighier phakigHedfreneabsbrpespeak derived from an alkyl group.

Sigeedhe. e %EBHB ﬂ§lﬂ§§!ﬂ>’ré§@&y¥ mﬂ&v@%’t@ 18005 Rer

water moleculesthereto, the amount of SI-OH groups in porous

molecyestdifarie. phefarabiyt shaitetH accordindhy, Dorowariarzdysareiereddyraseal ler.
AccordhBRYS: RERK-AU I IhE I RERd FRY.ARRRPIAN PRI ARLA 1L P s fihon

reférs to a peak derived from an HSIiO3 group. The wavenumber of peak
spectigm) is preferably less than 2300 cm 1. In that case, the film strength of the

(0141 PO MAtEHak B bar IFRAsRE-FHSIoNgaklI preferably has an
|

intensity of from 0.5 times to 3 times as much as that of pgak (D, i.e., the
ratibe(VerERaYy if pesfe (Bl Siss{@ablivlesaiine FHEheny is (Bsthateage, the
film stRroMAS o Andheintensitkahpgakd), the silica skeleton may not

be sufficient% strengthened. Further, if the intensity is less than 0.5 times

ad withen nehEiherdiepbbpasien iyionsiny bEgudpé sigsiadthmes as much as

that of PEHREIANLAS Meteamalets r@}g%&@@% ik 5aMAING, 3therely. GAURING is less
increase in the intensity of peak (I). Meanshile, if the intensity of the peak

than 0 g Fr et BSTES I FES S tosda il iR HsmtisiderraaxIvgt frotiilciently

strengti@ydoe ingkifigienind@idhardlegras alnusoRRebiZatiaRHIYHRE rtensity of peak
insufficient). [0142] Further, the porous material according to the present

(D), it RRYRRiIFRRShERE (o5 AR prRlcHeY verarsfaad iliemains,
thereb $URISHIR GhdreYRIME Mok hiiEHF )RR Yrowcthsiainafies Aleodefeirerkifeak

s "peak (ﬁl;/ ") at the lower wavenumber-side of peak (Ill) (for example, at

.a . .
derived Fomarimbecttunsuing b1ee & aumbsoeb Bnflivieitrigdrdy insufficient
(i.e. thalasgretienNhydrophobization may be insufficient).

[0142] Further, the porous material according to the present invention may have (IV) an
absorption peak derived from an Si-H stretching movement of a H({CH;3)Si0; group
{hereinafter, also referred to as “jaeak {(IV)”} at the lower wavenumber-side of peak (I1I) (for
example, at a wavenumber of around 2100 cm™ to 2200 ¢m’™") in its infrared ray absorption
spectrum. Hereinafter, the intensity of peak (IV) is referred to as “I (IV)”.

The mtensity ratio (I (IV)/1 (I1I)) is preferably from 0.05 to 0.50, more preferably
from 0.07 to 0.40.

When the intensity ratio is 0.50 or less, it indicates that the reaction between
component (A) and component (B) is more effectively achieved.
[0143] Since the porous material according to the present invention as described above
exibits excellent dielectric constant and hydrophobicity, as well as excellent mechanical

strength, it is applicable to semiconductor materials such as an interlayer insulating film and
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spectrum. Hereinafter, the intensity of peak (1V) is referred to as "l (IV)".
The intensity ratio (I (IV)/I (lll)) is preferably from 0.05 to 0.50, more
preferably from 0.07 to 0.40. When the intensity ratio is 0.50 or less, it
. indicate the reacti n co nent. C ent is
an i o0 SRRy A e M
materitie rbseat mvkatitresdésgnbed whoveaesibitnezoedectididibotricsolid
S hahicity, as wel cell echanical _strength, it
wect R e e e or e
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ronic functional._materials. . molecule.recordi um, .. -
o B B Bl
and a laigl@tumh@riﬂ@ésmngﬁﬂhﬂppmﬁ@mat@rimi\ﬂ@mﬁmgéo @qmrmdwmtian is
suitabffé‘ﬁ%{'ﬂ%’e%' latng.i'm 9{&%? {Rteraling gl%@%'gfﬂ{flg Jm at e Srmes.
rom a semiconductor material, including a fow dielectric constant,

constahiydrophphidityitanddearigh medkemiehbstetyth, the porous material

(0144 PCRY %T%&H{E reagt W%‘ﬁ?é\%?y ﬁ%lﬁi‘z?&% Cfﬁrpﬁl&%ﬁ‘éiﬁgB'&%ﬁﬂ%ﬁd‘ﬁ‘cmr device
view of Its excellent properties such-as a low dielectric constant,
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insulafifgady g
which the porous material according to the present invention is used as an

accordanierlayer taseldingiiripor Kecarninterwiring imoaksting fipmineductor device.
[0 145Erpﬁ!§{9g9 BNayLe ARVE d ngto'ﬂs &%@&ﬁg?@%?o\ﬂgtﬁmﬁ &[%%l 3‘11f srface of a

nown production process of a semiconductor device. [0145] First, as

Supporaesérqﬁ@aiﬁm@etﬁa_ perbod f@i‘al@é@'ratc(ipj@rthgsr)ﬁmﬁmﬂiﬁ@cﬁm@mfadbecﬂresent
inventBrSHAR Y AR RSN g methnd forpedueing the PoreHs M e M ating film

according to the present invention, it is possible to obtain an interlayer

that expbifs eres i dicherireraitgtinad lardigmabieiat exwiditsexbiglentechanical
strengfielegly geggmg anch yseRheRisiv RS Wel 2SRRI SN AN film

strength. Subsequently, a hard mask and a photoresist are formed on the

accordiuF S THING FETHRONBTRABWS Préiparatiordprebiss is pstitoned ghepcordance
with ti%%@if@ﬂ%%é%ﬁﬁ%ﬂ&?cg{%f‘% ithdbe.nattern Rihe RpsteEsSianium
e

o er the etching, a barrier film composed of titanium_ nitride (TiN) or
nitrideyghigd i tapfadan rENgsd fopm dnfermed gioisurormisdiimew fag by a vapor-phase
crowtlVRRERBRasEVasPWth technique (CVD). [0146] After forming the barrier film

on the surface of the porous film according to the present invention,

[0146]c ohiseriRnmiepithfoPriegriibizen By sirraaPENpnM@LaIR serdngdo the
presenBRAER! 88hBleGHRINEGPISHRSIMARLRBH b AGLIA0ENGS Wt &NOWRuttering

reparation process conditions. Thereafter, the film is smoothed by

P A ) . : )
method afra Rl relviE: Mulse R, 1B L9 TN BR IR A RISES BIoEe
conditftil: ATResessacdinad masitisdommesandibeabevesubsequently, a cap film

1s formed on the surface of the film. As necessary, a hard mask is formed and the above

steps are repeated in order to form a multilayer structure, thereby preparing the semiconductor
device according to the present invention.
[0147] Inthe foregoing, embodiments in which the composition or the porous material
according to the present invention is used as a semiconductor material, such as an interlayer
insulating film or an interwiring insulating film in an semiconductor circuit element
(semiconductor device), are explained. However, applications of the composition and the
porous material according to the present invention are not limited to these applications.

For example, the composition and the porous material according to the present

invention may be suitably used in various applications, including those that need to be
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steps are repeated in order to form a multilayer structure, thereby
preparing the semiconductor device according to the present invention.
[0147] In the foregoing, embodiments in which the composition or the

) CQOC{?usm erial accor in%to thedores nt invention is used as X
subjecied fo a s a(fe reatment 11t an ,aque us.s%u 01, Such as waterproo 1n§ films, electric
semiconductor material, such as an interlayér msulating fitm or an

materiiglte owinlyy insedatialg filch it @mseenigionductor circuit element
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composition and the porous material according to the present invention
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accor&{?le%gp‘?{ﬁéﬁx@%%}%ﬂ?‘é accordin 6‘% Egﬁa%ﬁl?ﬁ%%é‘ lﬁg‘ée[%%og‘ g i@%%%‘é%& face
useéd'in various applications,including those that need to be subjecte
protect@a Slurface treatment in an aqueous solution, such as waterproofing

flEgge f'%%’é%a@?%te‘?ﬂ%a 2 caiglulc l%‘tatc‘?{c'g%'%E{l‘%‘}‘ét%rt[)“é’“%'%é'g’e‘ ﬁr‘é?teré oy film
since the porous material accorading to the present invention exnibits a low

used ineippiventiivie otrichcdngtantauismisehasraddw sdfedotive wad éy. sTherefore, surface

the porous material according to the present invention may be suitably
reflection, o : .
used as a low-refractive-index surface protection film. The

loWxpafizietivé dndevvsiafiace wratdetionfilne mpfaérstomfdurfactpectecticn
TP | ed i ications i ich the tr ittancs needs to be improved .
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film. surface protection film include an anti- reflection film, a film for a

"gfﬁéewlh%%'c‘%w‘é%&!?%%%?&%} E*%’h%?é{;{" pRIAIZeEl R &?&8&98?‘%{9%{ ff.%or less
low-refractive index as mentioned herein refers to a refractive index of 1.
(prefergblgdsortpieibriablyl fiom Th25atari8) indes fefathisdlingex idesalbeds measured
ein.d | red.. rdi e in
by o S gl
incidermters: mrgdliancartgle “ofralnal ysiglabd Bud xesmild§°[0148] In the following,
the present invention will be described in more detail with reference to the
Examples, but the present invention is not limited thereto. Details of the
Exampemponents used in the Examples and the Comparative Examples are as

follows. - Alkoxysilane Compound. Tetraethoxysilane o
o ARt BRI R i i otrence

10 the Frdasplysghati€)eSitGORES) &)1 {011 50) | Silvsd tieCtm p Slatd I Repiiesemtgubnents

used i E R é}Lﬁ&ﬁe%%ﬁ%é?dﬁ%%%ﬁ%?E(Pesgé)}‘&i‘o%c.yc'iC siloxane
compound manufactured by

[0149] - Alkoxysilane Compound -

Tetraethoxysilane (manufactured by YAMANAKA Semiconductors Co., Ltd.,
electronics industry-grade, Si(OC;Hs),).

[0150] - Siloxane Compound Represented by Formula () -
1,3,5,7-tetramethylcyclotetrasiloxane (cyclic siloxane compound manufactured by

Trichemical Com., electronics industry-grade, (CH;Si(H)O)4).

{0151} - Surfactant (C) -

The surfactant was prepared by dissolving polyoxyethylene (20) stearyl ether
{manufactured by Sigma Chemical Co., product name: Brij78, Ci3H37{CH>CH,0)200H) in
ethanol for electronics industry, and subjecting this mixture to a metal removal treatment
using an ion-exchange resin, until the concentration became 10 ppb or less.

[0152] - Element (ID) -

Cesium (Cs) in an agueous cesium acetate solution (manufactured by Wako Pure

Chemical Industries, Ltd., special grade, CsNOs).
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Trichemical Com., electronics industry-grade, (CH3Si(H)O)4). [0151] -
Surfactant (C) The surfactant was prepared by dissolving
polyoxyethylene (20) stearyl ether (manufactured by Sigma Chemical
[9153EQ.DE)S5?[1}91L&%%8&%I§H]78, CI_ SI—_|37(C_H2C_H20)200H) in ethanol for
lectromics industry, and subjecting this mixture to a metal removal
tréldtendnt viisimgpanid wex ohtage! resipy it gHeconcéniditidoxbecame 10

opamid siniiig .
B e By oo B e es, L.

[0154kpedlategrade, CsNO3). 32 [0153] - Disilyl Compound The disilyl

c oun obtaj rtvi ethyldisilox
R e R
removid 1s4jWdter Pure water having a resistivity value of 18 Mo or higher,

[015 S]qu)dfrgfta%(flctg O%}%lﬁtmal removal treatment. [0155] - Organic Solvent Ethanol
(manufactured by Wako Pure Chemical Industries, Ltd., electronics

industng! (radefCRHSION VMakedpyedldehot ghiadusaateréddhye Keaineoics industry-
%l;ﬁna | Co., Inc., electronics industry- grade, CH3CH2CH20H) 2-butyl
aléohol (manufactured by Kanto Chemical Co., Inc., electronics industry-
grhaeoiyH3 @M HHCHTR ufed B K@ity Glingisgero., Inc., electronics industry-
grade %ﬁ%ﬁ;&%}hylcyclotetrasionane (manufactured by Trichemical Co.,
"Ltd., electronics industry-grade, (CH3Si(H)0)4). [0157] (Preparation of
Prebursbilgdiotionyadagtyrof terrkethokuitaicd Siod 109 gastietienipidustry-
grade \@@fﬁ@ﬁg@ﬁ%ﬁiﬁ% at room temperature, 80 mL of IN acetic acid was
’then added thereto, and stirred at 50C for 1 hour. Subsequently, a
[0156]sol Stiatrppepagesf by dissolving 20.9 g of polyoxyethylene (20) stearyl
etharsin. 280,00 athenelyasadded diapwise-ead mixededieieafter.dhe
mixture was stirréd at 30C for 4 hours. The obtainéd solution was
electropigcadtieitede oG Hs I8 thder reduced pressure of 30 hPa. After the
[01571CQPREALAN APSOMIQR REGRASRH by mixing | -propyl alcohol and 2-butyl

alcohol at a volume ratio of 1.:1 was added, whereby 1885 g of a
prblserf sorforrak abiamed.d g of ethanol were mixed and stirred at room

temperature, 80 mL of 1N acetic acid was then added thereto, and stirred at 50°C for 1 hour.

grade,

Subsequently, a solution prepared by dissolving 20.9 g of polyoxyethylene (20) stearyl ether
in 280 g of ethanol was added dropwise and mixed. Thereafter, the mixture was stirred at
30°C for 4 hours. The obtained solution was concentrated to 90 g at 25°C under reduced
pressure of 30 hPa,  After the concentration, a solution prepared by mixing 1-propyl alcohol
and 2-butyl alcohol at a volume ratio of 1:1 was added, whereby 1885 g of a precursor
solution was obtained.

[0158] <Measurement of Relative Dielectric Constant k>

The relative diclectric constant of the porous films prepared in the Examples and the
Comparative Examples was measured by an ordinary method under an atmosphere of 25°C
and a relative humidity of 30%, at a frequency of 1 MHz, using a mercury probe device (SSM
5130).

In the measurement, when the leak current density is 1.0x10° A/em” or greater, it is
not possible to measure a precise value of relative dielectric constant k as an insulating film
for a semiconductor.

[0159] <Measurement of Mechanical Strength>
The elastic modulus of the porous films prepared in the Examples and the
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[0158] <Measurement of Relative Dielectric Constant k> The relative
dielectric constant of the porous films prepared in the Examples and the
Comparative Examples was measured by an ordinary method under an
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Complég)ﬂj gls%grement %6f lfﬁrgaggétnngim 8¥e§orous Film> The FT-IR spectrum
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h I
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The measur ectrum was conduct nary

films prepeved nsing EranmieiRutb e (MGHaNB; Bx@HpB Eﬁ(ﬁ:ahrtnmrvdme
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with respect to the optical path. Further, the measurement o
FI-IR dp‘é}@ﬁr&M@&s&ﬂr%@%%@iﬁahg@rbwmwmbélrftﬁlfmmtlz‘s@o englelof

mc1dell'i:8 c%opzeE‘%réwgﬁ’e]@a%]gfé\@?%‘?‘}‘&%‘Eﬂ"r‘é‘époefcl—?oa%ﬁecc%g{%ﬁ Pgsity of Porous

Further, the measurement of F1-IR spectrum was carried out in a range of
wavenumber of from 1800 cm™ to 4800 cm’™.
[0162] <Measurement of Leak Current Density of Porous Film>

The feak current density of the porous films prepared in the Examples and the
Comparative Examples was measured.

The leak current density was measured by an ordinary method using a mercury probe
device (SSM 5130) under an atmosphere of 25°C and a relative humidity of 30%, with a
scanning voltage range of from 20 to -200 V at a frequency of 1 MHz.

Further, the measurement of the leak current density was conducted at 9 points within
the silicon wafer.

The lower the leak current density is, the more favorable the porous film is as an
interlayer insulating film or as an interwiring insulating film.
[0163] <Measurement of Density of Porous Film>

The density of the porous films prepared in the Examples and the Comparative
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The leak current density of the porous films prepared in the Examples and
the Comparative Examples was measured. The leak current density was
measured by an ordinary method using a mercury probe device (SSM

Examq%gfs“ggsurrﬁggr ?Qdatmosphere of 25C and a relative humidity of 30%, with a
%cannlng VO Fage‘ range of from 20 to -200 V at a frequency of 1 MHz.
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o1 ]Fi 31T6tlﬁ‘}lo HeLo B ition for forming a porous film was applied to a
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... __rotating the same at 2000 rpm for 6Q secqnds. Threafter, the wafer
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oS A A WOl IS AL C Rt e 20 L el FatB s D rpant
was het@ut 95d<C W/ eRadihesehypelRifing 1z parus dilmparpusallicafimdd with
The density of the obtained porous film was 0.887 g/cm3. The relatiye

uitravigleiaaiidotibminica AtaREesie hdduid b e botdinea hsraushargey
obtainikaShewins iR FaerdudRaibd ik gpectrum is shown in Fig. 1, and the leak

Culrlrlgrgiteggt? i(t)¥ the obtained porous film was 0.887 g/em’.

The relative dielectric constant k and the elastic modulus E of the obtained porous
film are shown in Table 1, the FT-IR spectrum is shown in Fig. 1, and the leak current density
is shown in Fig. 2, respectively.

[0166] In the FT-IR spectrum shown in Fig. 1, the horizontal axis indicates the measured
wavenumber (Wavenumber (cm™)), and the longitudinal axis indicates the absorption
intensity (Absorbance (A.U.)) (A.U. referst to an arbitrary unit). Hereinafter, the same
applies to the FT-IR spectrum as mentioned below.

As shown in Fig. 1, the FT-IR spectrum of the porous film had an absorption peak
derived from an Si-n stretching movement of an SiOH group at around 3600 cm™’ to 3800
cm” (peak (I1), intensity I (II)); an absorption peak derived from a C-H stretching movement
of an alkyl group (peak (I), intensity 1 (1)) at around 2900 ¢m™ to 3100 cm™; and an
absorption peak derived from an Si-H stretching movement of an HSiOs group at around 2200
cm™ to 2300 em” (peak (111), intensity I (11))).

The intensity ratio (I (II)/I (I)) and the intensity ratio (I (IL1)/I (I)} are shown in Table
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is shown in Fig. 2, respectively. [0166] In the FT-IR spectrum shown in
Fig. 1, the horizontal axis indicates the measured wavenumber
(Wavenumber (cm")), and the longitudinal axis indicates the absorption
1 intensity (Absorbance (A..U.)) (A.U. refcrst to an arbitrary unit).
" Hereinafter, the same applies to the FT-IR spectrum as mentioned below.
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applies to the measurement results of the peak current density as
[0168]qdEsAmERIAler. As shown in Fig. 2, the leak current density was around
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that the leak current density was sufficiently low and that the distribution
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the amount of 1,3,5,7-tetramethylcyclotetrasiloxane was changedto 3.4
tetramgipyiREC KHsHarISANSTithbcEmposition VoS APl a WersaAfnoAL this
tetracthiR@sitRgaddition amount of 1,3,5,7- tetramethylcyclotetrasiloxane in the

compasition was 20 mol% with respect to tetraethoxysilane. The density

ofthredsBEAR &d thereiaimes Rosave Bl wisHR 1uBiHEr; the relative
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silica cilm are shown in Table 1, the FT-IR spectrum is shown in Fig. 3,
porousgiliciliage shown in Table 1, the FT-IR spectrum is shown in Fig. 3, and the leak

current density is shown in Fig. 4, respectively.

[0169] As shown in Fig. 3, the FT-IR spectrum of the porous film had peaks (I) to (IV) as
with Example 1, but intensity I (IT) was smaller than that of Example 1. The intensity ratio
(I (I1)/1 (1)) and the intensity ratio (I (III)/I (I)) are shown in Table 1.

Also, the intensity ratio (I (VI (III)) was 0.15.

Further, as shown in Fig. 4, the leak current density was around 1.0x10™ A/em?® or
less at 9 points out of the 9 measurement points, indicating that the leak current density was
sufficiently low.

[0170] [Example 3]

A porous silica film was formed in the same manner as in Example 1, except that 1.1
g of hexamethyldisiloxane were further added in the preparation of the composition for
forming a porous film. At this time, the addition amount of hexamethyldisiloxane in the

composition was 10 mol% with respect to tetracthoxysilane.
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current density is shown in Fig. 4, respectively. [0169] As shown in Fig. 3,
the FT-IR spectrum of the porous film had peaks (I) to (IV) as with
Example 1., but intensity | (11) was smaller than that of Example 1. The
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current density was
sufficiently low.

[0172] [Example 4]

A porous silica film was formed in the same manner as in Fxample 1, except that the
addition amount of 1,3,5,7-tetramethylcyclotetrasiloxane was changed from 1.7 gto 0.8 g,
and 1.7 g of hexamethyldisiloxane were further added in the preparation of the composition
for forming a porous film. At this time, the addition amounts of 1,3,5,7-
tetramethylcyclotetrasiloxane and hexamethyldisiloxane in the composition were 5 mol% and
15 mol%, respectively, with respect to tetracthoxysilane.

The relative dielectric constant k and the elastic modulus E of the obtained porous
film are shown in Table 1, the FT-IR spectrum is shown in Fig. 8, and the leak current density
is shown in Fig. 9, respectively.

[0173] Asshownin Fig. 8, the FT-IR spectrum of the porous film had peaks (1) to (IV) as
with Example 1. The intensity ratio (1 (11)/I (1)) and the intensity ratio (I (IID)/I (1)) are

shown in Table 1.
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sufficiently low. [0172] [Example 4] A porous silica film. was formed in the
same manner as in Example 1, except that the addition amount of
1,3,5,7-tetramethylcyclotetrasiloxane was changed from 1.7 g to 0.8 g,
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o4, pSELEXIMARE G fTpdalensiy ratio (| (V)N (1) was 0.52.

Further, as'shown in Fig. 11, the leak current density was around 1.0x

10° s ©x049 inEin2l bt Bplsits suesdpesDimeasursnbhOpohtso 1.0<107
Alem? im&%& mtéhﬁée@ﬁgkgﬁ?%gﬁ%ﬁﬂty%dil%ng that the leak current density was

low.
[0176] [Example 6]

A porous silica film was formed in the same manner as in Example 1, except that 0.95
g of tetramethyldisiloxane were further added in the preparation of the composition for
forming a porous film. At this time, the addition amount of tetramethyldisiloxane in the
composition was 10 mol% with respect to tetracthoxysilane.

The relative dielectric constant k and the elastic modulus E of the obtained porous
film are shown in Tabie I, the FT-IR spectrum is shown in Fig. 12, and the leak current
density is shown in Fig. 13, respectively.

[0177] As shown in Fig. 12, the FT-IR spectrum of the porous film had a similar absorption
peak to that of Example 1. It also had an absorption peak derived from an Si-H stretching
movement of an H(CH;)SiO, group (peak (IV), intensity I (IV))) at around 2100 cm™ to 2200
cm™ (at the lower wavenumber-side of peak (IL1)).

Also, as shown in Fig. 11, the intensity of peak (1V) was greater than that of
Examples 1 to 4.

The intensity ratio (I (IV)/I (IIT)} was 0.32.
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[0176] [Example 6] A porous silica film was formed in the same manner as
in Example 1, except that 0.95 g of tetramethyldisiloxane were further
added in the preparation of the composition for forming a porous film. At

thisime.40s,Addiion Anayntalietameinidisiexanaimtos) SRR Table

was 10 mol% with respect to tetraethoxysilane. The relative dielectric
1. constant k and the elastic modulus E of the obtained porous film are

shawndp Jabigwl efsl 1R SRAEHLELIRSNQWAID FIG- G ADd 38 498K cm? at 9

current density is shown in Fig. 13, respectively. [01.77] As shown in Fig.

points pat el IRCSHECTAGHT BPHHES, pofbias i ol sitn T aBEdPpHaN Was 4RY-

(0178 fojtahghExample it giso had an absorption peak derived from an Si-H
stretching movement of an H(CH3)SiO2 group (peak (1V), intensity | (IV)))

at/‘arsuipies 3108 En-1wap rogdamile @M ORWET Wdldninmpy igecept that the
Cs coRRAAHIN +ASOn AHSNBWR, IDsFiBml Gfb%;ﬁ'i‘ﬁmﬁ%fg@%l%ﬁ\& Wes i %E%on

than that of Examples 1 to 4. The intensity ratio )1 (1)) was 0.32.
for forpeg 4taersIds FH8 (1 (11)/1 (1)) and the intensity ratio (I (111)/1 (1)) are shown

inThahledvEWNeL AL Shami inhitnl 31406 18RI CHITENE ARSIAYRE porous

around 1.0x 10_y A/lem2 at 9 points out of the 9 measurement points,

film anp ghetingtheitltnk BaR EdRaheaswaits Wes'bin Fio1 78] jobhpladsiverrent

densitErample: 1 Aiporqug siliea il was formed in the same manner as in
Example 1, except that the Cs concentration was changed from 15 ppm

tolDHGhRAB B fAFATOH G RIAE CORTPERTHET $8F POMRIE BLYE ITELHRiS.
constant¥e Jﬁé@%"tﬁéﬁ‘ﬁéﬁ%ﬂc cansianidsand fhaelasiicimadulus E of the obtained

porous film are shown in Table 1, the FT-IR spectrum is shown in Fig. 14,
[0179arfts hovenkndiifelft: dsriSiyRssBReiinie iRy Reyorsshlse fad)p. SHWAE #hsprption
peak tPASRIBIEIRAPNIUCHA RIRHSE MERPWRNBAMATING IBRINEISIBHET t0 6. The

) constant k due to the high leak current density, as described below. [0179]
intensifgraie W k)1 bertiopsitir ity b Heasdrdrtivsita d dlmnegus film
are shcabsQuptigne peak to that of Example 1, but intensity | (1) was greater than

that of Examﬁles 1 t0 6. The intensity ratio (I (11)/1 (1)), the intensity ratio,

(1 (HiShegn s SheMRébibely Bredralnsraisatim e diowm frorigie 10<10

A/em” RUERRINAENONMAY Higasthetied fakned RNt ARNSIRAWAS ek assciliaRnsity was
.Ox 10-8 A/cm 2 at 9 points out of the 9 measurement points, indicating

higher{mtﬁm QLK EHPRIGE ddRdty was

[0180] [Comparative Example 2]

A porous silica film was formed in the same manner as in Example 1, except that the
addition amount of 1,3,5,7-tetramethylcyclotetrasiloxane was changed from 1.7 g to 0 g in the
preparation of the compositio for forming a porous film.

The elastic modulus E and the FT-IR spectrum of the obtained porous film are shown
in Table 1 and Fig. 16, respectively.

The insulating property of the obtained film was poor, and it was not possible to
measure the leak current density and the relative dielectric constant k.

The reason why the measurement of the leak current density and the relative
dielectric constant k was not possible is thought to be that the SiOH peak (peak (II)) in the
film was too large, as shown from the FT-IR spectrum in Fig. 16.

The intensity ratio (I (I1)/I (1)) and the intensity ratio (I (III)/I (1)) are shown in Table
1.

[0181] [Comparative Example 3]

A porous silica film was formed in the same manner as in Example 1, except that the
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higher than that of Examples 1 to 6. [0180] [Comparative Example 2] A
porous silica film was formed in the same manner as in Example 1, except
that the addition amount of 1,3,5,7-tetramethylcyclotetrasiloxane was
" f 7 [ ' f OsHi i
s S A RGP, L ane
2.36 golfthiet pbsddisifitnracevetoiunthier Tddid ih drdpFégarbéioresHestivatypdkkteon for
. . tai . : . il
o i Ioah o e o R R L GRR e
compcEHeoreass A0uhgl thevifferespeshieeodathetasikavarrent density and the
relatiy ielectri tekv ible.i
S R A O G e S LRI
obtaing@ o finFiye sBoTheniri@reity Fagiol {| (nth ig) ) Bntspectinelsity ratio (I
(IALLAE g&@%ﬁd%&ﬂﬂl& 1048 HIGompaAmbye 1%%%&‘&5%331@1?&{1%”5
silica film was formed in the same manner as in Example 1, except that
constathes, ggéa@d?@rbhiahi@@im?@ﬁ‘@%@Mﬁérﬁ@&ﬁ?@ﬁcﬂ@l@Wa;ionane was
10182 CNR0GRAFAM ! B 8 ANE sfe3G-ehPl ARSADRIYIRSIRXRIGWRLR absorption

urther added in"the preparation of the composition for forming a porous

peak teilthatad thicomple, tHehideieyahtBurtes hgherrieth jhatsibRamateshieto 6.
c it] o1 tet {lane, The i€
S Fa P A o Tt
.. obtained porous film are shown in Table 1, Fig. 17 and Fig. 18,

reppeclively JibWwasNeLPessile taconduat R esisemepsutament gt the

Jrelative dielectric constant k, due to the high leak current density as ‘
Alem” géSopiiats Baisw o Peppaxsrerswhpieirly Indicatis stharbsgeekranirentensity was
higherRRAQYEAHIT Bacha, gignilay @bsﬂr%‘g%0@@%@5“@%@%@%3&1{%&3m density

intensity | (11) was higher than that of Examples | to 6. The intensity ratio
at one (peagyyERPARAT e intensity ratio (1. (111)/1 (1)) are shown in Table 1.

[0183}F%@Q§{ Aa:8Roi, gy 18, the leak current density was not less than
1.0X 18.7 A/cm2 at'8 points out of the 9 measurement points, indicating

AN NS S Pt e EPRRE Hig SameRATRR 25T E FX91BRS 1, Rxeent that the

additioNasdahPes$ikIe T aRRoINeIRakLUTRR ARSIy BldBom 1.7 g 10 0.8 g, 1.7
measurement point. [0183] [Comparative Example 4] A porous silica film

g of hegamedirdiatirme sumtefdsAn@ad il eanmsriretiendett ¢hangré from 15 ppm to

0 ppm, in the preparation of the composition for forming a porous film. At this time, the

addition amounts of 1,3,5,7-tetramethylcyclotetrasiloxane and hexamethyldisiloxane in the
composition were 5 mol% and 15 mol%, respectively, with respect to tetraethoxysilane.

The elastic modulus E, the FT-IR spectrum and the leak current density of the
obtained porous film are shown in Table I, Fig. 19 and Fig. 20, respectively.

The insulation property of the obtained film was poor, and it was not possible to
measure the leak current density at 8 points out of the 9 measurement points in the film
surface (Fig. 20). It was not possible to conduct a precise measurement of the dielectric
constant k due to the poor insulation property of the film.

The reason for this is thought to be the large SiOH peak in the film, as shown from
the FT-IR spectrum in Fig. 20.

The intensity ratio (I (II)/I (I)) and the intensity ratio (I (II1)/I (1))} are shown in Table
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[0184] Tablel

addition amount of 1,3,5,7-tetramethylcyclotetrasiloxane was changed
from 1.7 gto 0.8 g, 1.7 g of hexamethyldisiloxane were added, and the
Cs concentration was changed from 15 ppm to O ppm, in the preparation
of the composition for forming a porous film. At this time, the addition
amounts of 1,3,5,7-tetramethylcyclotetrasiloxane and

hexamethyldisiloxane il the icompositign wefe 5 mol% @and 15 mo]%,
respegtively, with respect to tetraethoxyssilane. The elastic modulus E, the
FT-IRzspectrunpanddhe leak| cagrrentelensity pfthe gbtairgd|parous film
are %own in|Table ¥ Fig—19 and Fig: 20;-fespectivety. [Thé instlation
propetty of the obtained film was poor, and itjwas hot possible to
measure the leak current density at 8 points put of the 9 measurement
points in the film surface (Fig. 20). It was not possible tp conduct a
prec@b measurement fthe dlelectrlc ¢onstant | k due to the pOOr
msulaﬂon prd peTty ofth m T‘he refas )nf‘!or th#s is tho Jght to 1§e the
Iarge§|OH peak in the filf, asShown flom thé FT-IR spectrurm in Fig. 20.
The intensity|ratio (I (11)/1 (1)) and the intensity ratio (I (112)/1 (1)) are
shown in Table IT740H - MO N N MTCT NN MNNMTHTT1le ~ N
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NNNNNNOOOONNOjjx~pzzCC Q.0E&titiQNti WUO I-.
8 -JNpN QO3Q.-opUpcOa .~TaNinOOh UIIU_UUUDO
Nmcecrin""Nm7V ctcNUUUUUUtCUtdm OOWWWWWWW

U_41[0185] (Note 1 S fSI|0 ompoupd
R s R T R )
aikoxmiatte Zy)(mpoiesibﬁdi@ﬂyl compound / moles of alkoxysilane compound) x

LR ot 30, ComBRPUNe EXATPles o rectie messurement o

|e e I’IC C ns a was not possi

cu(ﬁ‘ém abhsiﬂya@mamwsﬂaaumlwd)peﬂymﬁdm ﬁdw@sq&jzaﬁw]mﬁthbmmmtme
oo B SEHR TSERR  ASAE SRRORAE B i
pzoperﬁpnﬁibad‘dms) a hydrolysate of a specific siloxane compound, (C) a
[01 86]Sl'[&fs:?1 %%%ﬁ%dﬂ%)eaﬂ f lee g?)%c%shﬁ n ?erf)aled by using the compositions of
Examples 1 to 6, each including (A) a hydrolysate of an alkoxysilane compound, (B) a
hydrolysate of a specific siloxane compound, (C) a surfactant and (D) an element having an
electronegativity of 2.5 or less, exhibited both a low relative dielectric constant k and a high
elastic modulus E.  Further, the compositions prepared in Examples 1 to 6 (in particular,
Examples 3 to 6) exhibited excellent storage stability.
{0187] The disclosure of Japanese Patent Application No. 2008-096449 is hereby
incorporated by reference in ifs entirety.

All references, patent applications, and technical regulations as cited in the present

specification are hereby incorporated by reference to the same extent as if each reference,

patent application, and technical regulation were specifically and individually set forth herein.
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electronegativity of 2.5 or less, exhibited both a low relative dielectric
constant k and a high elastic modulus E. Further, the compositions
prepared in Examples 1 to 6 (in particular, Examples 3 to 6) exhibited
excellent storage stability. [0187](('_3[ isclosure of Japanese Patent
Application No. 2008-096449 is h corporated by reference in its
entirety. All references, patent applications, and technical regulations as
cited in the present .specification are hereby incorporated by reference to

L. Atﬁwgo&f@mp%gﬁ’g:ach reference, patent application, and technical
reguljationdvseyeasperificalky endindividusinget forth herein. 42 CLAIMS
1. A composjtion comprising: (A) a hydrolysate of gn alkoxysijlane .
o RN o RS AR SRS B LLere £l (1)
folloyananfFarmmitaatl); (C) a surfactant; and (D) an element having an
electronegativity of 2.5 or less: RA RC Si- 1) Rg Jnwhereinin
B PN N T LR PBBERABAGS oBHE8nt a hydrogen atom,
arphenyl group, -CaH2a+i, -(CH2)b(CF2)0CF3 or -CdH2d-1, and RA and
RB argot both hydrogen atoms simultaneously, Rc and R represent a
siLngIe ond that links a silicon atom and an oxygen atom to form a cyclic
siloxane strycture, gneach independently represent a hydrogen atom, a
phen igrou , {CaH2a+1, -(CHZ)b(CF(Z} CF3 or -CdH2d.1, a represents
anin r of I fo 6, b represents an integer of O to 4, c represents an
im:g of 0 to 10, d represents an integer of 2 to 4, and n represents an
integer of 3 or-grBater. 2. The composition according to claim 1, wherein
the siloxane compound represented by. Formula (1) is a cyclic siloxane
coMMSBURY? § OFRBIE SMpBsith BicEaT iy TG Y FAREsH Ay Sifgeardom. 2
phenyC@agauadHepresemerloy, Fomutaihis 2 sygle silaxarieearmpesincydrogen

represented by the falloying Formula (2): . o
atoms @?ﬁ@%@&ﬁk&hé&?ﬁ%ﬁ%@ﬁ%ﬁ%@iwd OISR RR ARIMLARS) 2
oxygeR8oRIoRIG: RjcIRE2 @nshdstadeast) tdapenstupitydeniesepiedent a hydrogen
hydrogen atom, a pheny -CaH2a+1, -(CH2)b(CF2)0CF3 or
stom, SIS AR Sl R ek B e g SRIGKER GOy 61 1 106
b repraegifii mtegeobotohlydragesaioms siragdiaeoushi, RipenehiR 13 Afeger of 2

not both hydrogen atoms_sjmultaneously, a represents an integer of 1 to
to 4, ag&? B Tepreseits ah Misger of 3 Or greater. ) & [oPIESEN'S g

2. The composition according to claim 1, wherein the siloxane compound represented by

Formula (1) is a cyclic siloxane compound.

3. The composition according to claim 1, wherein the siloxane compound represented by

Formula (1) is a cyclic siloxane compound represented by the following Formula (2):

L(s,@R*-”RS’O)L(SER“’R“‘o)m(SER1ZR“"’O)ﬁ—l (2)

wherein in Formula (2), RS, Rg, Rm, R”, R and R" each independently represent a
hydrogen atom, a phenyl group, -CoHous1, (CHw(CF2).CF;3 or -CyHag, R® and R’ are not
both hydrogen atoms simultancously, R'® and R'! are not both hydrogen atoms simultaneously,
R™ and R" are not both hydrogen atoms simultaneously, a represents an integer of 1 t0 3, b
represents an integer of 0 to 4, ¢ represents an integer of 0 to 10, d represents an integer of 2
to 4, L represents an integer of 0 to 8, m represents an integer of 0 to 8, n represents an integer

of 0 to 8, and L, m and n satisfy the relationship 3<L4m+n<8,
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represents an integer of O to 4, c represents an integer of O to 10, d
represents an integer of 2 to 4, L represents an integer of 0 to 8, m
represents an integer of 0 to 8, n represents an integer of 0to 8, and L, in
and n satisfy the relationship 3<L+m+n<8. 43 4. The composition
according to claim 1, further comprising (E) a hydrolysate of a disilyl
4. Tbompopmiltrepresenied byclherfdlldwihgrRompulsif8) R 214RAGRE6SIof a disilyl
compq _{1 %@ﬁr%&%%%@fg)e‘?’?ﬁ%&&% "]F(E}O ”&’l‘é'ﬁa 3) R14 R15 R16 R'7, R18 and
each independently représent a ogen atom, a phenyl group,
RYR1FraMZaLipr - GRMR(GRD),CF3, a repreggnts an integer of 1to 3, b

represents an integer of 0,to 4,.c represents an intgger of 0 to 10, X
o IR PRI atbm by >R, FS0 PaBrbserie e aRBgeR Rcraresent o
hydro @k @2 lp R 18:F8 e SEIHS, Auini@Uen QT I.(F:Da HRLomPasH@er of | to

according to claim 1, wherein (D) the element havmig an electronegativity

3, b reprosen(s A 45 P bibifdnt FERATSHM BANSERIC P 19! Ang<iTBIRteRis Aibpaygen

atom & TR CoRip asitiar:aseardingte claim o whierein 4R) theplsmenianigr of 1 w
an electronegativity of 2.5 or less is an element having an atomic weight

3. of 130 or more. 7. The composition according to claim 1, wherein (D) the

element having an electronegativity of 2.5 or less is at least one element

elected from the group consisting of Cs, , La, Hf, Ta, W and a
5. Tigfpaorer %?Hé%ﬁ&t?oﬁfﬁma%&ﬁafse%(s%?pé‘&iﬁgﬁ%wﬂw at least
clectr@@PANSINGT2 Step lefnpdnglaieasiameal kexysilanr compeungstenaatalysiore.
and an organic solvent at 20C to 70C for 0.5 hours to 7 hours; a step of

adding a surfactant to a mixture obtained by the mixing; a step of
6. Thooeeptistiog theonixiyre tawhithihe durfastant hasdheenadded until the

.0f th ixt b 10% to 50%; a st f diluting t
B e ST R SR T

having an electronegativity of 2.5 or less to the diluted mixture; and a step

of adding .a siloxane.compqund re ese.ntag by the following Formula (1)
7 TS R RS IR e e R HO2 B R BA"R 51,0 RD
electranegfliyiRBI2 or less is at least one element selected from the group consisting of Cs,

Ba, La, Hf, Ta, W and a lanthanoid.

8. A method for producing a composition, the method at least comprising:

a step of mixing at least an alkoxysilane compound, a catalyst and an organic solvent
at 20°C to 70°C for 0.5 hours to 7 hours;

a step of adding a surfactant to a mixture obtained by the mixing;

a step of concentrating the mixture to which the surfactant has been added until the
mass of the mixture becomes 10% to 50%,;

a step of diluting the concentrated mixture with an organic solvent;

a step of adding an element having an electronegativity of 2.5 or less to the diluted
mixture; and

a step of adding a siloxane compound represented by the following Formula (1) to the

mixture to which the elemens has been added:
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wherein in Formula (1), RA and RB each independently represent a

hydrogen atom, a phenyl group, -CaH2a+i, -(CI2)b(CF2)CF3 or

-CdH2d_1, and RA and RB are not both hydrogen atoms simultaneously,

Rc and R D represent a single bond that links a silicon atom and an

oxXygen atom tg form a cyclic siloxane structure, or each independently
repred€nt a hydrogen atom, a phenyl group, -Call2a+i, -(CH2)b(CF2)CF3

o] -CdHZa_i, ajrepresents an integer of 1 to 6, b represents an integer of
integer of O to Q,)d represents an integer of 2 to

4, andln repregents an integer of 3 or greater. 9. A method for forming a
porougfaterial, the method comprising: a step of forming a composition

layer by dryingjthe composition according to claim [; a step of heating the
formed composition layer at 80C to 400C; and a step of irradiating the
heatreleaommRSHION l@yer WikdutPavigiehRyendoh ke mathad frdeusingom, a
a porous material according to claim 9, further comprising a step of

pheny] gFRiRg bekiareorade ahbh Treirhaheor o BesRiO fayerbaii drogen

atomsSilatinge AGENR alied e siepsehiadiatingnathutiawoletiiays: &dafind an
orous material formed by the method for forming a porous material

p ) ]
OXYZeR ABPIRJ WRALVALY, SO RS RISHE nia GBI BdeRTadsg Y KaiRTen adygdrogen
atom, BQIRUSMRtRAlhAYNgG & density BH IO of -B g8 M 340e:8:81EM3, @idkelbf 1 to 6,

a range of from a wavenumber of 180Q cm-' to a wavenumber of 4800 cm

b reprej RS P HY R8s GrIHET SHE AR Hl IR bribrersshassehgtitsger of 2

to 4, apaaiceadvedstamea et syeichingsmovement of an alkyl group; (1)
showing an intensity of an absorption peak derived from an Si-u stretching
movement of an SiOll group being not greater than 0.30 times the

9. Ainiehsidyief thenahsefations peak-intensiyedesiveshifemithe C-H stretching
movement of an alkyl group; and 45 (I1), having one clear absorption peak .
e VER FolRT RIS 2 GSRRhIRG PR Sprd o f F8IeR GrRiLACprdine to claim

1;  wavenumber thereof being less than 2300 cm 1, and the intensity thereof
being from 0.5 times to 3.0 times as much as the absorptign peak intensity
e IER St e SERSHERTRPRTOVRRIBRGH 41 A @8&&. ¥ An
inteslayesr nsidating Hnreampdsingdiedaamus maleriahaetarding to claim
11. 14. A semiconductor material comprising the interlayer insulating film
according to claim 13. 15. A semiconductor device comprising the

10. ‘BemiconsiciorinalesialReeasdingdeatiaitorlithg 16 chilevw:reiractiveriidikg a

f'surface rotection film comprising the p?rous material according , .
step of carrying out a contact reaction treafiment of the composition layer and a silylating

agent, after the step of irradiating with ultraviolet rays.

11. A porous material formed by the method for forming a porous material according to

claim 9.

12. The porous material according to claim 11, the porous material having a density of from
0.5 g/em’ to 2.0 g/em’, and, in a range of from a wavenumber of 1800 cm’™' to a wavenumber
of 4800 cm™ of an infrared ray absorption spectrum,

(I) having one clear absorption peak derived from a C-H stretching movement of an
alkyl group;

(1I) showing an intensity of an absorption peak derived from an Si-o stretching
movement of an SiOH group being not greater than 0.30 times the intensity of the absorption

peak intensity derived from the C-H stretching movement of an alkyl group; and
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to claim 14. 46

(1I) having one clear absorption peak derived from an Si-H stretching movement of
an HSiOs group, the wavenumber thereof being less than 2300 ¢cm™, and the intensity thereof
being from 0.5 times to 3.0 times as much as the absorption peak intensity derived from the
C-H stretching movement of an alkyl group.

13.  An interlayer insulating film comprising the porous material according to claim 11.

14. A semiconductor material comprising the interlayer insulating film according to claim
13.

15. A semiconductor device comprising the semiconductor material according to claim 14,

16. A low-refractive-index surface protection film comprising the porous material according

to claim 14.
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