DESCRIPTION COMPOSITION AND METHOD FOR PRODUCTION THEREOF, POROUS
MATERIAL AND METHOD FOR PRODUCTION THEREOF, INTERLAYER INSULATING FILM,
SEMICONDUCTOR MATERIAL, SEMICONDUCTOR DEVICE, AND LOW- REFRACTIVE-INDEX
SURFACE PROTECTION FILM TechnicdP i [B&NThe present invention relates to a composition
and a method for production thereof, a porous material and a method for production thereof, an
interlayer insulating film, a semiconductor material, a semiconductor device, and a low-refractive-index

surface(ROREIBIA FINY, BIEKYFETHORFORER PG indr JaHiRELER PRANG dAftoHR Hiksopores,
which arﬁﬁ}ﬁ‘ﬂ'&éﬁjﬁ%bfﬂcg&" DSLSH-RIgRNEAIRE AR ARG BRI ERIReY A AnchanmoKganic
, are known to

compoun ave a large pore volume, a large surface area, or the like, as compared with

conventionalSEVIGENBIGERIRR NS RiH. o S EMHRONIYB IR eSe AU Horganic oxides to a
catalyt canter seragn byt WSl ek epeor o o srha been mestgatd, o
a film.

example, in the form o ne problem in using a porous silica film, which is one of the
oxides having uniform mesopores, for optical functional materials, electronic functional materials and
the Iikel, e eg]lafgl 1g)r semiconductor interlayer insulating films, is how to satisfy both the porosity and
the mechanical s rength of the film. Specifically, when the porosity of the film is increased, the density
of the fliB0IE dEbraasedht Asentasuielakes telagoaplisisenisndonmehedfmemivid e tiesstd to come

close to 1, which is a relative die ' I : : the porosity is
increaggg,) Ifﬁ%?ﬁ%?%?paélce%%?te% ?ndc%rgegjéﬁec%ﬂg%ggﬁ}e@ %%h%ﬁ%ﬁ%%%?@fﬁ%@é I%o a considerable
degreasemicorutivennsincel thsmésopbrasraiaries opdus!eTis sl aiskfHfEaies large surface area
and hav%t%iéagglf(%-OH) groups on the surface thereof, H20, which has a high relative dielectric
consta%li, iS"easily adsorbed thereto. Accordingly, there is a problem in that the relative dielectric
constaBgokrictndalsrbeen lowered by increasing the porosity, is increased to the contrary as a result of

nereasipg feAdsnlion M0 Lo g meatanRIsHINg heiadsaRipnatiag,a method s
propo In“which a hyé ophobic functional group is introduced into a film, for example, a method in
which thtiiatieorg iongefination iefjproveganse tyaphathyls i RREEIECSRIRBPBRELHE KIEE fores (see
the pamphlet of International Puhlicati 28)ix Ig&g&;@wm&@ﬂ@ﬁ%mat not only the
hydrog%%eﬁg }foarrgﬁé)r?{/eb%%ﬁf% ta#éBJ %%?gg%r%%?%ﬁé%%th (l)feéapsorous film composed of a Si-0 bond can
be imppoved byoetiovdnyides seshessaditact ArpYirienofabesepRpBLRTIHE SHdEhE of a metal

Catalyséa(t%?yesttggrgglmao QE&%&M‘%@&I%@ L Hx@l@@ﬁ?@ S\Q(Q@Q%MQ@ §i%8as been investigated,
for example, in the form of a film. ' |
[0003] One problem in using a porous silica film, which is one of the oxides having uniform
mesopores, for optical functional materials, electronic functional materials and the like,
especially for semiconductor interlayer insulating films, is how to satisfy both the porosity
and the mechanical sirength df 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 is 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 lowered to a considerable degree.

Further, since the mesopores of the parous 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 H0, 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 (seethe
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[0005] These methods achieve improvements in not only the hydrophobic property but also the
mechanical strength. However, since these methods require a special apparatus for treating a porous
film with a cyclic siloxane compound or facilities for disposing of an exhaust gas, there has been -

demangg@bm@gr@mﬁ%ﬁmm?gm Qo6 fauther, there is a report in which an alkali metal
compound is included in a silica-based film-forming composition for the purgglgeéﬁf improving the
e

performance tH@@&Wtﬁ@%\’(f@%@&bMﬁﬂ@ﬁ%@&@%&@@%@ﬁ@ﬂ Bn Laid-Open No.
2006-281:190); Hiscalsar epanieshthat gxampiesafdhe silkalh matasinedudpeediuny. ditBikmg potassium,

rubidium and cesium, and that the inclusion of these alkali metal compounds not only lowers the

dielectriBECHRTRIARN COP AL CAPSSBO RS TR Throabmeannasadrsin saihiNd ¥6HEosition but also

improveg.the mesharicalisiianaibiiieisetaodomareousy). improves the storage stability of the porous
film-forming composition. [0007] However, in the fields in which even higher accuracy is required in

controliR§He FRSsiBthreharhs Srppr QIR fam o 2bhthednuRrb P SRR Y B @!fSr higher

storage;stahilina phiveRaras filpdersingeomprsition st adaumalgsiabiapsRaigs:film. [0008] As
described above, even with improvements in technologies for pr_qducin% a porous film suitably used for

optical HFMRHEERHREAHE Wik &roRlC il AomRRERd S uRRgiHE kY BrHBEHs of methods for

lowering,the selativedislesticcopsiam ai-Rentapring-mediicatign,in order to increase the mechanical
strength, a technique for producing a porous film that satisfies an even |lower relative dielectric

constant @ &h TigR&T HSEARAT stttk alna Ak epiRRIE4dF RoUaesHy & BYf8us film-foiming
compositieq thal-exhibitsameyandmrioNrd aiprege stabiliviliave yeittermestablisied. tRisclosure of

the invention Problems to be Solved by the Invention [0009] One object of the present invention is to

providerddbBaniansaditive darr Jrpaness 9erbOBnHarAa tait-Suei ' Both W1ow Hiktvddielectric
constani{hersinafier.refamgtkicasdandisiesiliceanstaninimh SRMRLASES: Aneh arighimechanical

strength, as well as suglerior storage stability, and a method for producing the same. Mother object of

the pre&BHERTEREH 45 PraDdBsPB Sidhe malkalimeiat compatgidsaint Q1S PEVEdielectric

constant apd:a highmechanitakstapgtimanshadnethadiesfomingdhesameming Still another object
of the present invention is to provide an interlayer insulating film that includes the porous material, a

semicofMBESHINAR AP SO RIdatRRe i A stimsai g anhind: SRARROS BT YO HEY 108 that

includeg@b@ggQ%g@t@'dﬁ%ﬁfgaﬁ{@giﬁlnami@w@ﬁgggmgﬂndex surface protection film that includes the
porous material. Means for Salving.the Problems [Q010] The present inventors haye conducted

extensiOSHlaidesars Drditiits fUrkth T d by dcqRRanbadS oI M BB ERRd by a
compogiligRdaIGHsliBgi s ShrGifis GRMRALSH: therebyaectemplishing thedfeskihinwentgs.

Specifically, the means for solving the above-described problems are as fO”OWﬁJrgOll] <I>A
compo§Fﬁ-5H1%ﬁ§b}?f’sﬂﬁﬁ?uS s AR GRTRESIBPR AN BRI SR ARMAYS MRy a hydrolysate of
a siloxgnegmmpeusd Hepiesorte diun haiolguinghonsiiacih (0042 (peudagtanioand

film suitably used for optical functional materials, electronic functional materials and the like,

and proposals of methods for lowering the relative dielectric constant or performing
modification in order to increase the mechanical strength, a technique for producing a porous
film that satisfies an even lower relative dielectric constant and an even higher mechanical
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 dielectric constant (hereinafter, referred to as
“low dielectric constant” in some cases) and 2 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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(D) an element having an electronegativity of 2.5 or less: [0013] -n [0014] wherein in Formula (1), RA
and RB each independently represent a hydrogen atom, a phenyl group, -Cali2a41, -(0-12)b(CF2),CF3 -
or -CaHda-i, and RA and RB are not both hydrogen atoms simultaneously, Rc and RD represent a

single bpnd that links a silicon atom and an gxygen atom to.form a cyclic sjloxa tructure, or each
indepen%‘gat ?gp &5 é‘?%ﬁ%%gﬁnﬁ%}gﬁg%%ﬁ% Iél é%%m(@gg%%%%cﬁ?)%&ﬁi%%gé% or -Cd1-12d-1,
a representsgnthateges. 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 tqQ 4, and n represents an. integer of 3.qr greater. [0015] <2> T

composition acgﬁﬁg?ﬂﬁ%ra f?ﬁ}h%gfzﬂﬁ Eﬁ??}t&%ﬁ%ﬁ@&ﬁ%%%ﬁ’ Yé%arggéwl%i?%?f E}flr'ﬂ'?fﬂ%g(ﬁﬁ?s a cyclic
siloxanejgampRidag OB Rhs IxathRIcompoRitiah aceatding A0tk invhekeiththesilayane compound
represented by Farmula (1) is a cyclic siloxane compound represented by the following Fonnula (2):
L(SIR8RIBY. (P8 -0 SHRIRADEEL ) ARy 2 Mé?%ff%?é T %@)“ﬂ‘o@“&gaﬁ? #¥1, -120c

and R13gachvedepsndeniiy (epresri aihydmegenaiemnapheny haretpl. -Cal-12am
-(CH2)b(CF2),CF3 or -Cd1-12d-:, R8 and R9 are not both hydrogen atoms simultaneously, R1 andare

not both hydrogen atoms simultaneously,
Means for Solving the Problems

[0010] The present inventors have conducted extensive studies and, as a result, found that the
above-described problems can be solved by 2 composition including a specific compound,
thereby accomplishing the present invenfi.on.

Specifically, the means for solving the above-described problems are as follows,
[00117 <l> A composition comprising:

(A) a hydrolysate of an alkoxysilane compound;

(B) & hydrolysate of a siloxane compound represented by the following Formula (1};
{0012} (C) a surfactant; and _
' (D) an element having an electronegativity of 2.5 or less:
[0013]
- i -
RC—-———StE———O———RD SN D

L

- - n

10014] wh.erein in Formula (1), R* and R® each independently represent 2 hydrogen atom, a
phenyl group, -CoHaar1, ~(CHo)o(CF2)CF3 or -CeHag.1, and R* and R® are not both hydrogen
atoms simultaneously, R® and R” represent a single bond that links 2 silicon atom and an
oxygen atom to form a cyclic siloxane structure, or each independently represent a hydrogen
atom, a phenyl group, -C,Hauri, -(CH2)u(CFy)CF; or ~-CyHag.y, & 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 gi‘eater.

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

[0016] <3>The composiﬁon according o <i>, wherein the siloxane compound represented.

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



R12 and R13 are not both hydrogen atoms simultaneously, a represents an integer of I1to 3, b

represents an integer of O to 4, ¢ represents an integer of 0 to 10, d represents an integer of 2to 4, L

represents an integer of O to 8, m represents an integer of O to 8, n represents an integer of 0 to 8, and

L,ma i j i 19] <4> The composition according to <1>, further
sale of

comprising (E droly a disilyl.compound represented by the jollowing Formula (3): [0020]
nbi -X--= F&%%%mg@) \ﬁqe@m(ﬁiﬁgﬂw%) ' R14, R15, Kn16,

R17, Ril9 each j y ept a hiyd 3 : aH2a+: or
{(CH2) (%&?éf) gé Sif1 in ﬁb‘%&%ﬂ‘%‘?}f‘ﬂ hepheseR ,ﬁ IDGRN mzﬁmhﬂ%?m&ﬁﬁz

, a represents af integer of 1 to '3, b represents an integer of Q to 4, c represents an
integerhyﬁﬁangtOMrepﬂmmhlg@mm%{mattﬁﬁfh)%@lﬁﬂ@ﬁ%fr&ﬁéwm%_ﬂﬁ/&ﬁéﬁ%{tom or
00P12, 0 A0 5 LRRIGRR IR ANIAISORL, of 13,3 ROOZ, B e cRERASansashadin RIS1>
wherein )h%e éemenrtnhavmg an electronegativity of 2.5 or lesS$ is an element having an ion radius of
1.6 angttramsior areret bothdGa:Then ctemposinslizaceusbingrapersnimneidivge)thktelénient having an
electronegativity of 2.5 or less.i Vil icweight.pf.130 9% | £7 <7>The
compoléffﬁ%eﬁ5 ea“c%’%?d’fﬁ% 5 < >, ﬁé@eﬁ%ﬁ%ﬁg%le%%%%mg an ele%trgnegativit)f/y%e?T _2?5 or less is at
least onedlbmpntsselectethfrom e tréup cenprsRstivig af iais gBran i hiaH, TTEEPYYSSR &PIaMEs&hoid. [0023]
<8> A n Qg% fg‘)fr1 ff?%%@@nas%ﬁéﬂp%%' &Qﬁ&@l@h’%‘f)eg@drﬁtkk?ﬁﬁt comprising: a step of mixing at

least an"alkoxysilane’compound, a’catalyst and an organic solvent at 20C to 70C for 0.5 hours to 7
hours; 8160 of4xddifigeasufasitiot wcamipgite-dBtainEbymeTaiRmng:) 2 hydretspist ohcentrating
the mixture to which the surfa faptbas t}g Qv?iﬂ q¢, 4Rt the, mass of the mixture becomes 10% to
50%; aésl,%le%}gf) 8}%%}%‘93 trﬁgl%%enﬁcentr’gteg m?xturegwith an E(l)t(‘g?)a'nic solvent; a step of adding an
eleme%h%jnaéwmiﬁmaggﬁ#i&}QVR&BQF fess to the dilufed)mixture; and  a step of adding a

siloxane compound represented by the, following Farmula (1) to,the mixture to which the element has
been added: wherein in Formula (3%, R%, ng, R@% RPJ Rl& argcg ng each mdependently represent a

hydrogen atom, a phenyl group, -CoHogt or (CHa)y(CF2).CF3, a represents an integer of 1to
3, b represents an integer of 0 to 4, ¢ represents an integer of 0 to 10, X represents an oxygen
atom or >NR*, R% represents a hydrogen atom or -C.Hzer, and e represents an integer of 1 to
3.
[0021] <5> The composition according to <1>, wherein (D) the element having an
electronegativity of 2.5 or less is an element having an ion radius of 1.6 angstroms or more.

<6> The 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 addin g 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 fo 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



[0024] [0025] wherein in Formula (1), RA and RH each independently represent a hydrogen atom, a
phenyl group, -CaH2a+i, -(CH2)b(CF2),CF3. or -Cal-12th’, and RA and RB are not both hydrogen
atoms simultaneously, Rc and RD represent a single bond that links a silicon atom and an oxygen
atom to[ég ' a cyclic siloxane structure, or each independently represent a hydrogen atom, a phenyl
group, *C; ‘i 3+i, -(CH2)b(CF2),CF3 or -Cdfl2d-i, a represents an integer of 1 to 6, b represents an
integer of O to ts an integer of 0 to 10, d represents an integer of 2 to 4, and n represents
an integer of
a step of forming a;composjtion layer by drying the composition according to <1>; a step of heating the
formed c@mpogsition. layeg.at 8 0 400C; and a step of irradiating the heated composition layer
with ultravioletiray .‘"["66" ]i<10> The method for f%?rﬁing a porous material according to <9>, further
comprising a step @fgcarryirjg out a contact reaction treatment of the composition layer and a silylating
agent, after the step of irradiating with ultraviolet rays. [0028] <11> A porous material formed by the
method for forming a porot's Material according to <9>. [0028] <12> The porous material according to

<11>, the porous material having a depsity ot.from 0.5 g/cm3 to 2.0 g/cm3, and, in a range of from a
waven L[Q%gé] oP P8BS PREUALRY dhuiBdt ot AEOBCERTI ALY Wé%eﬂ“rg)%{g R S ctrum,

(1) havisg-epe;ehear asnIiqURSAICISIEY Hiow aiGHhatretthing Riovemertoo andadigehgroup;
(1) showing an intensity of an.absorgtion peak derived from an Si-o strg}ggén% movement of an SiIOH

group BEMBSAoTYHERESHthalk 0486 BmEPiREeHRHSES BRSIRsHGT tEh&RS Gerived from the

C-H streighing ey enenh afcgnielkybesaupirabdre, or i) havdpendeeislesprbaorpliofnpeak derived
from an Si-H stretching movement of an HSIO3 group, the wavenumber thereof beingFJ ss than 2300
3
Y

cm-1, 2HAThé RitemdigFtherdof being e § Foftired dETTER B A HE RS5O ptiS peak
intensity ggives i amithe:é41 sketching ragemanhafand Bybarouprepresents an integer of 2

to 4, and n represents an integer of 3 or greater.

[0026] <9> A method for forming a porous material, the method comprising:

a step of forming a composition layer by drying the composition according to <1>;

a step of heating the formed composition layer at 80°C to 400°C; and

a step of irradiating the heated composition layer with ultraviolet rays.

[0027] <10> The method for forming a porous material according to <9>, further
comprising a step of carrying out a contact reaction treatment of the composition layer and a
silylating agent, after the step of irradiating with ultraviolet rays.

[0028] <I1> A porous material formed by the method for forming a porous material
according to <9>.

[0028] <12> The porous material according to <I11>, the porous material having a density
of from 0.5 g/cm3 to 2.0 g/cm3, and, in a range of from a wavenumber of 1800 cm’ toa
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;

(II) showing an intensity of an absorption peak derived from an Si-n0 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

(IID) having one clear absorption peak derived from an Si-H stretching movement of
an HSiO; 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.
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[0029] <13> An interlayer insulating film comprising the porous material according to <11>. <14> A
semiconductor material comprising the interlayer insulating film according to <13>. <15> A
semiconductor device comprising the semiconductor material according to <14>. <16> A

Iow-ref;gg@g?-mggx sMﬁfﬁﬁgrﬁgQﬁeg{maﬁhﬁg fopasitpraipghieporatannk@cebadiogiiogits>. Summary
[0029a] In aTirst aspect there Is provided a composition comprising: (A) a hydrolysate of an
alkoxysflaie compound; (B) a hydrolysate of a siloxane compound represented by the following

Formula (1); (G} suraglantandRhansiemenbseiactes Famitediuptonsisiagof@s Rb and Ba:
to <13>. _
<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 <i4>.

Summary

[0029a] In a first aspect there is provided a composition comprising!
(A) a hydrolysate of an alkoxysilane c;ompouhé;
“(B) a hydrolysate of & siloxane compound represented by the following Formula (1);
(C) a surfactant; and | |

(D) an element selected from the group consisting of Cs, Rb and Ba:

RC Sj——0-1+—R" NS0

= -n

wherein in Formula (1), R* and R® each independently represent a hydrogen atom, a
phenyl group, -C,Hyys, <(CHa)p(CF2) CF; or -CyHag.;, and R* and R® are not both hydrogen atoms
simultaneousty, R® and R represent 2 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, ~CoHapei, {CHw(CF}CF; or -CgHaar, 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.

[0029b] In a second aspect, there is provided 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 unnil
the mass of the mixture becomes 10% to 50%;

a step of diluting the concentrated mixture with an organic solvent;
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wherein in Formula (1), RA and RD each independently represent a hydrogen atom, a phenyl group,
-CaH2r1, -(CHOb(CF2)cCF3 or -Cal-ha-I, and RA and RD are not both hydrogen atoms
simultaneously, Re and RD 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,
-Cal-12A+1, -(CH2)b(CF2)cCF3 or -Cd1-12d-i; a represents an integer of 1 to 6, b represents an
integer of O to 4, c represents an integer of 0 to 10, d represents an integer of 2 to 4, and n represents
an integer of 3 or greater. [0029b] In a second aspect, there is provided a method for producing a
composition, the method at least comprising: a step of mixing at least an alkoxysilane compound, a

catalyst and ancygple salienk RAGI0 LG 8T hUia g B2 sien pding 2 suractant o

a mixture obtained by the mixing; a step of concentra e mixturé to which the surfactant has
been addethedilttemisssohide mixture becomes 10% to 50%; a step of diluting the concentrated

mixture with an,qrganie,3alventsiloxaStempbariog AR Alemenh Seltriot if eaHie.qIgup consisting of
Cs, Rb and Ba to the diluted mixture; and = a step of adding a siloxane compound represented by the

followingtiomitae ) Ydurhethsigienett enkesariédidment has been added: R

S
|

R Si—O+—R? ... (1)

Le
L. - n

Whérein in Formuta (1), R* and R® each independently represent a hy&rogen atom, a
phenyl group, -Collzs-1, «(CH,),(CF2).CF; or -C4Haay, and R* and R® are not both hydrogen atoms
simultaneously, R® and RP 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, -CaHogr, -(CH;)I;;,(CPQ)CCF3 or -C¢Haq.1, 2 TEpresents an integer of 1 10 6, brepresents an
integer of 0 to 4, c represents an nteger of 0 to 10, d represents an integer of 2 to 4, and n

represents an integer of 3 or greater.

[0029¢] In a third aspect, there is provided a method for forming a porous material, the
method comprising:

a step of forming a composition layer by drying the composition according o
the first aspect;

a step of heating the formed composition layer at 80°C to 400°C; and

a step of irradiating the heated composition fayer with uliraviolet rays.

[0029d] In a fourth aspect, there is provided a porous material formed by the method

for forming a porous material according to the third aspect.

Ga



-n  wherein in Formula (1), RA and RE each independently represent a hydrogen atom, a phenyl
group, -Cal-12a-i, -(CHe)b(CF2),CF3 or -CdH2cii, and RA and RE are not both hydrogen atoms
simultaneously, Rc and RD 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,
-Ca/12am -(012)b(CF2)CCF3 Or -CdH2d-I, a represents an integer of 1 to 6, b represents an integer
of 0 to 4, c represents an integer of 0 to 10, d represents an integer of 2 to 4, and n represents an

integer of %rzg iatg 4(%%90 Igcta{hlrd afpﬁgx%td tglere i ovpl%g a.met % [ foPOrous
material, t comprising: a step offorming a comp smonlfaye rylngB I[uQ omposition
according ;mthmfnmtasﬁectroaﬂstgpodhhémiﬂigmcmrmed composition Iayer at 80C to 400C; and a
step of irradiating the heated composition layer with ultraviolet rays. [0029d] In a fourth aspect, there is
provided a porous material fonied by the method for forming a porous material according to the third
aspect. [00ZBSH]n alfifthsiaspeststhdherisiprovidéed arsemertayee iprmianel fivmeosgigiag the porous

material accg)&q!ir%g géﬁﬁtﬁggrm%@o%&%%%ﬂel rﬁ%sg%l%&_spect, there is provided a semiconductor
e Inte

material comprisin layer insulating film according to the fifth aspect. [0029g] In a seventh
aspect, there is provided a semiconductor device comprising the semiconductor material according to

the sixth a%@@fég} In a seventh aspect, there is provided a semiconductor device comprising the

semiconductor material according to the sixth aspect.

[0029h] In an eighth aspeét, there is provided a low-refractive-index surface

protection film comprising the porous material according to the sixth aspect.

Effects of the Invention
[0030] According to the present invention, a porous material that exibits both a low relative
dielectric constant and a high mechanical strength can be produced, and a composition that
exhibits superior storage stability and a method for producting the same can be provided.
Further, according to the present invention, a porous material that exhibits a low
relative dielectric constant and a high mechanical strength and a method for producing the
same can be provided. .
Moreover, according to the present invention, an interl'ayer insulating film including
the porous material, a semiconductor material including the interlayer insulating film, a
semiconductor device including the semiconductor material, aﬁd a Jow-refractive-index

surface protection film including the porous material can be provided. '

Brief Description of the Drawings
[00317 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
Example 1.

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

Fig. 4 is a graph showing the leak current density of the porous material according to

Example 2.
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[0029h] In an eighth aspect, there is provided a low-refractive-index surface protection film comprising
the porous material according to the sixth aspect. Effects of the Invention [0030] According to the
present invention, a porous material that exibits both a low relative dielectric constant and a high
mechanical strength can be produced, and a composition that exhibits superior storage stability and a

method for producting the same can be provided. Further, according to the present invention, a
porous material that exhibits a low relative dielectric constant and a high mechanical strength and a
method for producing the same can be provided. Moreover, according to the present invention,

an interlayer insuigtisa inincluigg-ihe:noras JRIe! Al sercapeetor malggil including the

interlayer insulating film, a semiconductor device including the semicoriductor material, and a

low-refractive-indiés 8uffacaapiosbernondiths ineluelimgthd psiglefithatpriiusandieipleviedingrief
Descriptmﬂ{ﬁi@prawings [0031] Fig. 1 is an FT-a spectrum of the porous material according to
Example I. Fig. 2 is a graph showing the leak current density of the porous material accordina to
Example 1. Fig. Bis & FEwpkpeetring Getrraporshiprhaterah dbe staings th PxGmple2tiBig(d)is a
graph shaying the.leak suaRkdensityof theargns matetal according | Example:2. Fig. 51is an
FT-ER spectrum of the porous material accordiﬁ% to Exam%%%g&ogﬁ%.goﬁgié ER rgp 1 showing the leak

current density Hfithé Efo%@d’érrﬁ&@mﬁa@@@fdkm@@mpﬂéaaﬁ@rm & dtaphmshdwing the
relatlonshlp bet@g@t&%m&g%éﬁgrﬁgﬁ é@%ﬂgzi)ensity of the porous material according to
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and the relative dielectric constant k of the porous material according to Example 3. Fig. 8 is an FT-ER
spectrum of the porous material according to Example 4. Fig. 4 is a graph showing the leak current
density of the porous material according to Example 4. Fig. 10 is an FT-[R spectrum of the porous
materiaI,IEaccor ing to Example 5. Fig. 11 is a graph showing the leak current density of the porous
materia g@%‘jgigg to Example 5. Fig. 12 is an FT-IR spectrum of the porous material according to
Example 6. FigFik31i8 & gnaph Bhaweng:ithedakpousenhdeniilpebidnposdissmpaitefial according to

Fig, 15 1  rabl shothg R0 AR AR e O (0 gy G0 B HESEHAIRG 18 Comparative.
Examplé&tamigie 6 is an FT-1R spectrum of the porous material according to Comparative Example 2.
Fig. 17 1s an TR spectiupy of e porouspaterial according o Camparative Bxeumple 3.
Fig. 13 is a graph showing the leak current density of the porous material according
to Exampie 6.
Fig. 14 is an FT-IR spectrum of the porous material according to Comparative
Example 1.
Fig. 15 is a graph showing the leak current density of the porous material according
to Comparative Example 1.
Fig. 16 is an FT-IR spectrum of the porous material according to Comparative
Example 2.
Fig. 17 is an FT-IR spectrum of the porous material according to Comparative
Example 3.
Fig. 18 is 2 graph showing the leak current density of the porous material according
to Comparative Example 3.
Fig. 19 is an F1-IR spectrum of the porous material according to Comparative
Example 4. '

Fig. 20 is a graph 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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Fig. 18 is a graph showing the leak current density of the porous material according to Comparative
Example 3. Fig, 19 is an FT-1R spectrum of the porous material according to Comparative Example 4.
Fig. 20 is a graph showing the leak current density of the porous material according to Comparative

E le 4. Best Mode for.Can-yi the | ti 0032] T pSiti ding to.th t
oo TATHELEN s TYAETS of 5 GBI RER O LIRS0 FERH e 1 2
"componisilyiAiniBal ryfdeelysede pirasiioka3e Cemnpaiing mareskntatitbyparsmpar( (hereinafter,

also refe{éi(il to as "component (B)"), (C) a surfactant, and (D) an element having an electronegativity
-of 2.5 or “(hereinafter, also referred to as "element (D)"). Further, according to an exemplary

embodiment of theprestatiayentiomitictiraus poatesial haningdesy ddwharaciensticsican be
prepared by carrying out: (a).a.step of producing the composition; and (b) a step of foiming a film using
the comBBLAToADATES Gy ATHEAG T 1B REEE BT SO ORI CER BB R e LGB s
preparedhay apriatnatel/cbydialiingsiieatkoxysiiangscompound and the siloxane compound

represe ormula (1) during the process of mixing the alkoxysilane compound, the siloxane
compoui@%%gﬁ%ﬁﬁ lﬁﬁ'ﬁﬁ%%éﬁﬁﬁrﬁ%%ﬁ?ﬁgfé?ﬁ,agﬁg%%i ?@/ﬁg having an electronegativity of
2.5 or less. Thisgonspgsitigndimey:fuitheC inehideaifn)-a hydrolysate of a disilyl compound represented
by Formula (3) (hereinafter, also referred to as "component (E)"). Next, in the step of foiling a film, a
porous materialqﬁébﬁ%a} WP & VTSNS R %dﬂ%go 'ﬁé%dgﬁlﬁ%ﬁ%iﬁmﬂ?@ség%gition onto a
support,dagatingdthe composition, and then irradiating the composition with ultraviolet rays. [0033]

[ the the present invention are described bejow. <(a) Step of Producing the
é?fﬁ or exampﬁa, an zm(oxysﬂane compounc{ llS mixe(J WV\llth agj)orgeuﬁc solvent, a cgtatlyst

Further ?ﬁ

Compos
and water are added thereto, and then hydrolysis is carried out.

As a result, a solution including a hydrolysate of the alkoxysilane compound
{component (A)) is obtained.
[0035] The amount of the catalyst to be used is not particularly limited, and may be
appropriately selected so that the hydrolysis/dehydration condensation of the alkoxysilane
compbund is promoted. Preferably, the amount of the catalyst is in the range of from 0.1 to
0.001 mole with respect to 1 mole of the alkoxysilane compound. The amount of water used
for the hydrolysis is also not particularly limited, and may be appropriately selected from a
wide range. Preferably, the amount of water 1s from 1 to 10 moles with respect to 1 mole of
alkoxy groups of the alkoxysilane compound.
[0036] The hydrolysis is carried out while stirring, preferably at a temperature of from 0 to
100°C, more preferably from 20 to 70°C, for several minutes to 24 hours, preferably from 0.5
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 liquid chromatography (L.C) or
nuclear magnetic resonance spectroscopy (NMR).
10037} 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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In the following, one example of the method for producing the composition are explained. [0034] For
example, an alkoxysilane compound is mixed with an organic solvent, a catalyst and water are added
thereto, and then hydrolysis is carried out. As a result, a solution i‘ncluding a hydrolysate of the

alkoxysilane nd (c onent A btarned 0035 Th st to be used is
not parﬁf r%P%tg agﬁé) Pﬂp?/uﬁengp ognate y s I]O ? tg% égrgﬁgﬂ%dratlon
condengatiest tsfdhﬁraﬁipmﬂahmaarmﬂ)aund mﬁmmmmmylfhemwﬁt whpet ¢atalyst is in
the ran e of from 0.1 t with res oIe the srlane co he amount
of wate h@e@%?‘fﬂ%“ﬁ%qr Ioéjggi }8&%8%%? ép 5118 N f)ser aélrlpgproprlateﬁgsg—lected from
a wide r@msI?irﬁf@ﬂabisedtaeeam@mmmémtermfaomm(@ eimpies mmlresrﬁ@mabdnmﬁle of alkoxy
groups e alko e compound. [0036] The S s carr ied o ile_stirr] preferably ata
temperﬂﬁ‘?é o’f(ff' I6‘ﬂf(f° rgnb?hf’é %?bﬁ %ror#gg&%%‘;&@ for se%éréhl mrrf/ulf[est % hours,
phreferabbé§f§>l§lt@ &ﬁ@%tmﬁfﬁsﬁcﬁfﬂﬁmpﬁ&fﬁfa{)ly from 1 tog hours). Wher:j the clond|5|ons are within
these r gressi e rolysis rea gn can be ens and asolut ntaining a
hydrolyiga(?é zf %rf%éﬁ%%)gﬁ’a g %frﬁ%oneﬁtcﬁ?)p ¢an Héﬁgb a‘?nséJ i t?‘ln %a?usmg side

reactiongncentrifed. hydrolysate as mentioned herein refers to a reaction product in which the
conversion rate of the alkoxysilane c 90% or hi her T vers be
determined by g(?o‘f‘r\?éﬁ%?g lhf‘?éfﬁ%?grfﬁ%%? tﬁeu%flfr%oss?qw%ﬂnﬁraom Sgraphy 83 %g?%gr%r?uc lear

mag ne%mg&man@e)s@elcérﬂﬁaapy (NMERY. {0037] Nettte surfmnmbmjerﬁmuecdmmhe swivtion
containing co nt, e stirrin ame. Surf tant C functio off oids during
the filmrﬂ%ﬁféiri?g gé: é@fﬁ& é???(&?gaﬁﬁeﬁ?%uépﬁsggdrr?ﬁv r&géfﬁéarﬁ%f/) e in any ormgg{uch as a
solid, adiguithnonasRiuticepiepaded by iHissotvisgthersdfacant ks sohamicBheradudition amount of

surfactant (C) be appropriately selected according to the design perfoimances or the like of the
finally gb?%%owbg %&@%? goe’)faﬁﬁ)ple a porous film), but the molar ratio thereof is desirably
from 0.002 to 1Timeoprafenabty eood 6o tﬁnfbdsdimm, withtresppeirioaBilinseeatgbnent (A). When the
amount of surfacetan écé) is wrt in this rang %P %l{ of. v jds |sunot ra erlb ted glée to the amount of
surfactdfit (&) e ﬂé FiRation of a it noii l??e% due’to tﬁé amount of surfactant (C)
being tmﬁargenirfefelpyimakmgﬁems@blﬁ thdntnocttethe isoidsiinatiis fmicDOB8iSUBEequently, the
mixed solution. includin mpon ent ta |s gone 15908 ntration is
performrelaslso?r}th% g Ségu 181c15ntro Il(ﬁést 8 céﬂé?ecfr I’SIQIOH of co p%%é&?& Tt ehs {):)r? in order to

| regulat@ﬁwﬁuaﬂm&ﬁe afrtbmlfmaﬂy m@mfmd@pmwmamesakhatammtheﬁeﬁm for the
purpose of lqweri of wat the ixe I ti apidly. drying the porous
material iR es%fl&%ess of app(frca(iron %ﬁo Iﬁirng nL'érggt %Qf érgagt%on tep. The concentration
ratio of #i&anixild restietiom mamhesa}fﬁkmpnmaﬂwe@emé@ﬁucmhdln@mmﬁ@tdésig Werfdinances of the
finally o tarned orous m terial, o condltl t| 1K agqg but the,concentration is
preferab Ve ied Out unﬁ?ﬁésrﬁiaiégno {%tronaggcoré %from :?O /oSto 50% (more preferably
from 15%noeﬁ@%)azsqmdmmw¢¢ueamdrf@maumnﬁs plefehaihg eanfiedton ! dratitifel a8 of the mass
of the m ﬁﬁxe% 1[5(2{ut|on after the concentration is from 10% to 50% (more preferably from 15% to 30%)
with respec he mass of the mixed solution before the concentration. When the degree of
concenfiGdis iswfithjretfismangbe pm@msﬁtmnmcg@duemye)t%%@@@@ﬁb@ﬁﬁatlon can be avoided,
and formation of a film during appli tio 15 npLinhibiied: 10939 AdteL ReHRIAYRg the
concentra]f%n an orgna}nlc Clol\jlellfjltl?t ad Ip‘?f?att concent ation of é%rrrsllponent (A) is at a certain
degree, dﬁer&by@btampmgmanecursor solutlon of a desired composition. Subsequently, element

(D) i acded to e, picenfson SN TSt (4 s me clament (B) maube agdeg as a simple

substance or a com inclu |ng same r in combination of two or more kinds thereof

The pur@mse@éxadnﬁrﬁ@)etménmddﬁrta@aﬁmeé@elﬁséareaaf\ﬂtmmdqie@}#fbe&&ﬁ%%nd
compongpl(5) ety eniaasihe e kaanabichand e meshaniel gt ohito fly

obtained porous materia Element (D) may be added in"an’amount in the range of from 1 to
5000 ppm;q@rerecabmwsmmgpmm@mmrérémﬂrquﬁrm&@otb@rﬁbW@@q% Hitount of

e'eme“hsa} da erflurgmm@ IredsRIN SRS aewdhe B HIRARaHIkahament (D) being too
small, or-electric properties tained film are not toolow due to the amount

[0040] Element (D) 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 film are not too low due to the amount

9



of element (D) being too large. [0041] Next, the siloxane compound represented by Formula (1) (for
example, a cyclic siloxane compound) is added to the precursor solution to which element (D) has
been added. 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 sil¥&EHEEHPB T EdprdeE#fted by Formula (1) is hydrolyzed by using a catalyst and water that

are confained iNdhe ipEasisRsokmtiein Capsadteaty adivdiRlysateotihemslioraneitompound
represented by Formula (1) (component (B)) is formed in the precursor Sé%éi%on' [00432FLTQe
hydrolySHeEaR¢ REMMIAELIHaFEH 1errs REF LTS RIRTSID BB WHRAHE RO AR e A& o the

Siloxan%%mew%é%ﬂ@éﬁe%ﬁﬁr mplakhids 8P Yoanhigher nandis ahorapassepia siloxane
compound represented by Formula (1) in which a portion thereof is&%&nd to component (A) or the

alkoxysTHHEABEHIH A8 AGIH HNE BraEUFINESHATEIRCE SOBRITAG oliRd E6H Fo e RTER) oF the dikoxysilane
compouing, e SHOXBRS KRN PQYBE:FeRT 8sariesuby (FPraMilartlyfindionsde ohalyceatne
hydrophobicity and the mechanical strength of the finally obtained poyous ateri@;(,lg The
converé’i@???égétéf HEABESHE BRI FSpREShte & BYSEEYRG ﬁ{)yléé#n%g@tﬁ Pfiined by a
conventignalANANSISURCRNIALESH T BS ARk Chremaiearap () (liCienbycleat magnete resonance
spectroscopy (NMR). [0043] The addition amount of the siloxane compound represented by Formula

(2) ma)ﬁ@é“&ﬁbropriately selected according to the design performances or the like of the finally

Obtai”efb@@l?@ﬂ@%i‘@&sﬁtét it s prefeabiy Gk to 108xmpifigpare preferabliidrom 0.5 to 50
mol%, further preferably from Ito 30 mol%, particular% referably from 5 rrr}%l%, with respect to Si

025 [
in the aReBXSEIIAREHOM PRRFHPEARS ST ERHPERERTYAS) PHARHTHA %%Bér@t%f’f eifgx@e compound
represegieshipafsey mitia(dads siihinshispangaidt isynassikie (0 avoichiliedpoetingigperiormances of

the porous material as a result of lack of necessary amount of componend. (B) due to the amount of

the siloRARBACEIRYTBRARFPE pra Bt By EGHAM L UHRoERG TH DS RISRERE TP ¥08ssibl to avoid the

SituatiOBH{M?iﬁhiﬁ@%&Mﬁéﬁbfﬁim?aﬁﬁmﬁ@ﬁwmher&ﬁﬁp&ﬂ&hﬁb@iﬁﬁiﬁhﬁ&t@ﬁ@bﬂtﬁier alone, due to
the amount of the siloxane compound represented by FormuPIEq 1) being, tpo Iar%ééOOM] As

necessER AR DET SR ALY FHRSHRRSHAABA4R 6 a8 s FBRRBIE foR 848 58lion. The
hydrolysig-is-allered 4adprpeBashit pdaver ablemarnner by stirring the mixture at a temperature in the
range of from Q to 100C, preferably from_20 to 70C, for a period of from_several minutes to 24 hours,
preferably fromT@%CfB“?eF?é‘Eﬁ§?§ffgrtgﬁa’iH§?H% %ﬁﬁh‘é‘%ﬁ%ﬁ%ﬁ?ﬁ #@bmfé%’r‘ﬁi@é@yc%?”r%ula (1).
[0045] Beithaintie distyhoemmparnhiepiesemtisiduyy fooray g3} mayhetegdphhtoliliegrecursor
solution in combination with the siloxane com&(ﬁ?@'dJI represented by Formula (1). In this case, the

disilyl cBRHGE AL FIS) HERIAREF SRSTFIRRE e siloxane compound represented by Formula (1),
or may jieexidatdbgiarecaraiarnher addiion ok thasilmane nespadis representEnyyFermula ( 1).
The disilyl compound may be added either as.a simple substance or.as a.splution.in which the disilyl
compoﬁﬁar@&%gf\?gg?ﬁggﬁ%gmg Eoo%bgﬁ%sf%ﬁ’ ?ﬂ’éa&%‘?ﬁ/%ﬁ?ﬁﬁ%ﬁ ﬁr%%%rt}élélelﬁtg\%p%i} ormula (3)
is hydrolyzeck withe-the, bseiofsthefatalystramdatet @pniaitedrortheqicediisstosolufion Sivhereby a
hydrolysate of the disilyl compqund (component (E)).is formed in t recursor.solutign. [0047] The
hyd rolygﬁ%g/%%%?ﬁﬁf é‘ﬁﬁ?&%ﬁ%kﬁ%ﬁ???@t&%&%ﬁgﬁh ﬁ%}%ﬁ%ﬁ%ﬁén cgc)SF1Gv%%r2rir(]tt)?1i é’litélc% the disilyl
compouBhig 0% o highteand ihencampassdsa Sisiyeapmpenngiin. whickea persiontheséof is
bound to component (A) and/or component.(B) in the precursor, solution..The conversion rate can be
R i kR el ke AT

magnetifd @soRancerspetiraseepy dNMR) (0048} (EHe! disitybodmptiacid efssistsstire sitaxaneicompound
represented by Formula (1), and contributes to the improvements in hydraphabicity, and mechanical
strengtﬁ%?ﬂ?é%’ﬁi&%&é%’%&%é%%afwgf‘énr%é:lg%\sl%rsg%%rrl? i%c%lpﬁ)él% ioR Of ﬁgégé)igﬁygloc%nrﬁipao@id can further
imprové¢he:staragelstabilityi opthelslermposiiidthe situdfioa hydriokisit ohthiecdysib/cormpodod is
preferably carried, out.n a similar manner to that carried out in the, c of.adding.th lic siloxane
compod}%}é PIY& e&dﬁfﬁ%ﬁ%ﬁ?&ﬁﬁoﬂ%g %tlesriI'f;FJ @gmggﬁﬁ r%%?%%%%ﬁ%%ﬁf é%igggﬁetg e%é %A((::cording to
the desigprpetariirianfesmullié)liemf ihelfinglly obtained porous material, but it is preferably from 0.1
to 100 1%, more preferably fro .5 10.50 mol%, further. preferahly from 1 to 30 mol%,. and
particu@%‘{%]refésrgéﬁf ont 8 fgtﬁ[?%%lfé()}%l%%agpbeecﬁgc i%ﬂ%la% &%} if%glggf}{%gl ngl (i.e., Siin
componentt{éy). (0048} TheysiesnBowsdlution abthineddno thisl above grocessisgsilibjsutddreo aging at
a temperature in the range of from 0 to 100C, preferably fr 0 t0.,70C, far-a period of from several
minute€té ?ngﬁ%lf%}%?&a%gﬁ)f’%. o tﬁolllégrﬁs, Wﬁléer%elz %/%meﬁgénmzpo%qgg%c;c%ér%ﬁél ?(‘)5 ﬁfg present
inventicids ebiaiabehilResGh Qne patteutdstyraterretl mbokimeni o thédexethpkalyxembodiment of
the method for {P oducin teg%tc ‘Bpositi according to the present invention as described above is a
method“at188% &ﬁ‘?g.t %ognm &ikgan alkoxysilane compound, a catalyst and an organic
solvent, at 20C to 70C for 0.5 hours to 7 hours; a;gfep of adding a surfactant to the 11



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 mixtdb&1b mﬁﬁgeéi%rﬁ%l}’é ﬁe%:a@at.‘gg%y ﬁﬁ?ﬁ%@%—%’e@%ﬁé@cﬁ & tr\%diment, it is more
preferrggdafitRenmbingdharnixisieait 206 {0c0adesiohindirspeséhedis; Attenihe(agdition of the

siloxane compound. . . In the following, the aboye-described components are describgd in detail.
[0051] (RIKBKGaHRTReEBih giamygound Web&?r‘i%égﬁfo%%%% W{@}égﬁw%%ﬁi%ggﬁf’ }H‘egﬁ?i‘gn contains a

hydrolysaie@bihers konmilane) conmpaLndrcept forcan afkoxysidaaicampoonddRateorresponds to a
siloxane compound represented by Foimulalﬂ%) gﬁa_co ponent %}?ﬁ The alk x%silane compound
forms aSAYRBIHL AL REERFOALHCER HugH RS ﬂkénaﬁ%’i’ﬁj(géwg &?a?@%ﬁﬁfgﬁ% fodfycondensation).
The hydplysae i$:acUPRONeHIuENAL formsca Maim skaletenpohifie vhitalesidarausimaterial, and is
preferably a dense inorganic polymer. The alkoxysilane compound forms an inorganic polymer

through® ERfondensation at a site of silanol group generated by hydrolyzation of an alkoxy group (an

alkoxy gnoup) bosodiiaa siispruatrrreEbetefoer iatde1p:obiain BompaianhiAkasaidense
inorganic polymer, it is preferred to use an alkoxysilane cogm unwﬁvgzyﬁ tW(I)#)I’ maqre a}koxide groups
in one riSHAYHIECTE BeATHE S GPETRHLSHTA B BN AES Sk SHES R AtD . PEAREY the
alkoxysﬂgiﬁg(ﬁgm@gm%gy(mlmﬁw@j% menre-banehngolnits,. each including one alkoxy group and
one silicon atom bound to each other, in the sam%nolecule. &),052 Pé?ferred al O;ngsilane compounds

of this ¥ iRy rahspins SumBrEHBRFIRErEU AP St B om BAlHY PEpresented by the

following-Fasrautad4th srepmnaundsepmsrniedody thedaliawing Feticutiepfifeandaibampound
represented by the following Formula (i), [0053] Si(OR1)4(i In Formula (i), each,of R] may be the
same oFﬁH@éﬁ%&Hl%ém%Fﬁ%?,%?fﬁoé)é%ﬁ‘}%‘b &Q&&@P&fﬁ%@i %*}@%ﬁ&ﬁgﬁ%’%ﬁ@g bRy

nd-a’is an
integer gfektes6r {ORBARR2IFIUQRIM siskibhte cadbEQFRtAI (i R2arepreseaiisaiGaki2ais a phenyl group,
-CF3(CF2)s(CF12)0, a hydrogen atom oga flugrine atgm, each of R3 may be thetsame or different
from eatBMes ﬁéﬁ‘ééégfé’@é&%?&%ﬁla ﬁéﬁ‘)ﬂ%‘?ﬁﬁﬁ%gﬁﬁﬁ'ﬁﬁ% ForGI0S R an integer of

Ito 6, b {sy&1r32 integer of 0 to 10, and c is an integer of O to 4.
[0048] The disilyl compound assists the siloxane compound 1‘epreseﬁted by Formula (1), and
contributes to the improvements in hydrophobicity and mechanical strength of the obtained
porous material. Moreover, incorporation of the disilyl compound cén further improve the
storage stability of the composition.

" The hydrolysis of the disilyl compound is preferably carried out in a similar manner
to that carried out in the case of adding the cyclic siloxane compound. The addition amount
of the disilyl compound may be appropriately selected according to the design performances
or the like of the finally obtained porous material, but it is preferably 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., St 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 leas.t 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
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[0055] R4y(OR5)31Si-A-Si(OR6)3R7, (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 and R7 may be the same or different from
‘each other and represents - CaH2a+i, a phenyl group, -CF3(CF2)b(CH2)0, a hydrogen atom or a .
fluorine atom. R5 and R6 may be the same or different from each other and represents -CaF122+1 or

a phenyhiriotpobiatngh intdyeroingoaisiarinmymtios @%m@,ﬁem&wé&f&h theeyeiaetatto 4. A
represepis AR, OXYGEN AMhe (GEL6) A RRE RUEREIR (8B6:A. It annteggyallite 6. [0056]
Specific examples of the alkoxysilane compound used in the present invéntion include quaternary
alkoxysfifesisten mederarTigiioxysiniteierakh @w@w&mp@immkwm and |
tetrabutgxysiiane: fertiary akoxdluproslanes.sushas imsthaxrijoresiianesisthoxyfluorosilane,

triisopropoxyflucrosilane and tributoxyfluorosilane; [0057] fluorine-conmining alkoxysilanes such as
 OF3(CFy30#2g F2SitoHd 3)3ihe Kd{orzBBrreld 2 8i(0 Bk 3)3 e F 8GR G 2B HESil@CH3)3,
OF3(0FZLACHRGH2SI(OCH3)3> (CF3)2CF(CF2)4CH2CH2Si(OCH3)3,
(CF3)2CF(CF2)6CH2CH2SIi(00H3)3, (CF3)2CF(CF2)3CH2CH2SKOCH3)3,
CF3(C6H4CH2CH2SROCHS)T IGR 3(TCF2) 81611 4 CrrCHISHGOHRYger mixing the mixture

OF3(0F 4 i CF3(CFER2)7 H4C11,2CH2SI

R S S R R S S R L
CF3(0F2)7CHIC H2 SiCHBiQOkK3) By CFRB{(CHR)SCHREHR2BCH3(ECHB)Rin detail.

(CF3)2§§ iz ggcgé,c:@zsigm OCH3)2, (CF3)2CF(CF2)6CH2CH2SICH3(OCH3)2,

(CF3)2 % 2§ CHPSICHABEH3)2, CF3(C6H4)CH2CH2SICH3(00H3)2,
CF3(CF2)3(06Fb4)OHRCHRBIQHSIDEHS)R: GRS¢(ORR)S(O6HABATRCHRSICIsEB(OTHS)2,
CF3(CE2)7(C6H4)0-12CH2SICH3 H3)2,, CE3(QF2)3CH2C i(OCI-12 ) :
o B e SR 3y o R R L S B o stovane
CF3(CRr2)egHaCHESHOCH b CED3) By (0058 deriamgeatkeyyalkylsilanes such as
trimethoxymethylsil triethoxymethylsilane, trimeth thylsilane, trietho, Isilane,
trimethoxypropy sg]lg%r?e& Ae @[ﬁ%%b%Q?E%{ik?gﬁgéei{%%@gg%%xé%% %%y@?&s%%@s%such as
trimethbyyphiengisitataedingtiooxlyp tlenyisil anéycordhatitxychlorophenylsilane and

triethoxychloro Isilape;. . .. .tertiary al eriethylsil rimet ethylsilane
and triethoxypf?gfgﬁﬁégﬁ Sr?gf ‘[?)688?3%%%@5%/9%Egéyaaﬁ%/ﬁgﬁgéiggt?c@aés %%ﬁ?oy%] imethylsilane
and diettwrydinmethidsitafeeatdnd 6064 |dviszatikoryditarses such as 1,2-bis(trimethoxysilypethane,

1,2-bis(triethoxysilyheth -his(dimethvimet ' -hig(di ilypethane,
1,6- bis(trimet@égﬁ%ﬁe%%ﬁéﬁ%ﬂg%ﬁ%{%%%ﬁ%g%%z&%%%b|s d%%?éafr%et %%%%ﬁ)%exane,
1,6-bis @ mitetfdnokgsityd) sexemtd by hivibaHmethoxyfsily Skhenzemapl B bisarmatmdeiydbenzene,
1,4-bis(tri nz 8 IS sl zen: 148 ' ion, one or
0 or e el A G S o LB e bt
(Organi¢ Somaseried to Eeeampléerafilaecorgamie sdering ifch @andse alkeuile _’m@lmfe@eﬁm’iinvention
include,menaalconhplzhased solvents shahasmethanal ehanel:RieRaAe! irmkaRangl, n-butanol,

butanol, sec-butanol, t-butanol, n-péntanol, i-péntanol, 2-methylbutanol, sec-pentandL, tpentanol,

3-methasibiralior ﬁonaxmdl@yﬁ@h;dpéwmbm@éth@@ﬂmﬁ%wrbmawdipgém@ék@ﬁﬁl,
heptanglssy, RiRCRBQN;ZG MReXANl SeEAGIARC DHOOMLRIGRIOL 7,6~ dimethylheptanol-4,

n-decanol, Sec-undecyl alcohol, trimethylnonyl alcohol, sec-tetradecyl alcohol, sec-heptadecyl alcohol,
phenol [efedh&xarsstchiditayisjicehesmneneiacd thinikeR rafefisti teard e s orasdohon the
phenyimeriylsaibinel. diacetang aledaplantcrasolCRadLaabiudkia alephaldhgsadolvents such as
ethylene glycol, 1,2-propylene glycol, 1,3- butylene glycol, pentandiol-2,4,2-methylpentandiol-2,4,
hexaned@iyesesehbpthsdalbming Forsilylhbxand disanmeuricaryrspeieyrothairépieae glycol,
Methylmg%ﬁripropylene glycol and glycerin; ketone-based solvents such as acetone, methyl
ethyl ketone, methyl-n-propyl ketone, methyl-n-butyl ketone, diethyl ketone, methyl-i-butyl ketone,
methyl-pehtyPkétBnk, ety In-butyl ketone, methyl-n-hexyl ketone, di-i-butyl ketone,
trimethylnonange, G¥Glahexanong: -Rexpnons, mehyicyeiohaxanane. dnentanedione.

acetonylacetone, diacetone alcohol, acetophenone and fenchone; [0065] ether-based solvents such
as ethyleFFeiprépiiethor, nrbeRylctrem pdayemdnicesmliHey/ ether, ethylene oxide,
1,2-proR)dg@]e @eigqét(gljgggjl(angm-methyldioxolane, dioxane, dimethyldioxane, ethylene glycol
monomethylether, ethylene glycol monoetrkelhlether, ethylene glycol diethylether, ethylene glycol
mono-n-butyletief B et gy EerisisAt:-ri-hbixyleth el cah @ene:gly Ediihohbpeyidtiéio &thylene
glycol meno-Z-etiyibuylatier sthviere diycak diounvistheridistsag alvopbmengamethylether,
diethylene glycol monoethylether, diethylene glycol diethylether, diethylene glycol mono-n-butylether,
diethy| SRR gFRE §ilautyfEthBRCHI Iy ianes g iy Bb RSO H-Aék et e Ande%sARE ) O L 1Bt & thylene
glycol di-nbutylether, propylene glycol monomethy ther, propylene glycol monoethylether, propylene
glycol monopropylether, propylene glycol monobutylether, dipropylene glycol



monomethylether, dipropylene glycol monoethylether, tripropylene glycol monomethylether,
tetrahydrofuran and 2-methyltetrahydrofuran; [0066] ester-based solvents such as diethyl carbonate,
methyl acetate, ethyl acetate, ybutyrolactone, y-valerolactone, n-propyl acetate, i-propyl acetate,
n-butyl acetate, i-butyl acetate, sec-butyl acetate, n-pentyl acetate, sec-pentyl acetate, 3-methoxybutyl
- acetate, metzylpehtyl Hcetalte 12 satinbpetybBeedate, 2-ethylhexyl acetate, benzyl acetate, cyclohexyl
acetate, hylc gl@_jﬁyyl cetat onyl acetate, methyl acetoacetate, ethyl acetoacetate, ethylene
glycol m&m%¥ %a@é&g@?%&@?é%glyﬁé monoethyl ether acetate, diethylene glycol
monomethyl ethgr Rseiate(dietirieseolycobmobotibyhatber dcetata: diethylehe tiscaldiono-n-butyl

ether acetate, propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate,
propylen@@%&?rﬁéﬂapﬁfﬁyﬁ&?%%ﬁaSﬁmﬁgﬁeﬁi a%&ﬁm&ﬁes @ﬁ%@ﬁ%@fs&i@?ﬁ-

dipropyleneglycal preneraeiiy|-ethaCacriaE, Hirrppulones oo sonaetid cihen acetasad g col

diacetate, methoxytriglycol acetate, ethyl propionate, n-butyl propignate, i-amyl propionate, diethyl
oxalate, BiEH-DRiF S3ERRE HASTRY ERBRECRPCAEISETRIERS thotite; RTRATALSTR BiétHy |

malonate,dimethidphihalate; and-igthd mhthalates ards an iRilQGFgentAINIAGSalenis such as
N-methylformamide, N,N-dimethylformamide, N,N-diethylformamide, acetamide, N-methylacetamide,

N,N-dimEtriRge atamhids FlnethgPPepIdFesaemiil Aditethylgya@itioh & fo067] In the present
inventio:[)o@@@] ?B%‘é’&ﬁ More kingsued the,9(ganic selestriidramdhe abovesmambenisgd. (0068]

(Catalys n the present invention, the catalyst that can be used in the precursor composition

solution HglidreataicasaPrOrAEIeasE ¥ ihFBIBEHTaEISCo IR ¥aEINEE{0069] Examples of the
acid catalystinclide iparganic aeldarngkotaamic eaids, IIRIAlRRRasafihienorganic acid include

hydrochloric acid, nitric acid, sulfuric acid, hydrofluoric acid, phosphoric acid, boric acid and
hydrobrofiectesd YfooTasiEsampits srinerargante Herymensy Beeinsiéata 2pfopionic acid, butanoic
acid, pentangic.asi ggﬁgpic 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,

arachidoffie adidlepiiitterieiaing-dlyibieientsievatias Oleit deid Cstearead insleic acid, linolenic
acid, salisyi [ - @@g R; i i ' -@@g S ' i 7Q 1ic acid,
monochlg%ég?p&g%%?%%;hbrog@?% %ﬁ%%%é ic acfg?"tdr%%%t?(%%gt% %@c%g ormii%)%cid,

malonic @ﬁ)%@)@ﬂ%ﬁﬁﬁ@@%wa @W@ﬂ)@@%%ﬁ@@ﬁ@mcid, succinic acid, itaconic
acid, me&ggm%)gﬁg@ﬂg(@@gh g\)@ﬁ&@ggﬂ%@@fa(@@wles of the alkali catalyst include

ammonium $a nitrogen-containing compounds 00?3] Exampzl’es of the ammonium salt include
tetrametf@ﬁaﬁﬁﬁu}ﬂﬁ@ﬁ{f&@méi(@@%h%%é%%ﬁx_@ﬁ;%hyl_amunonium hydroxide
and tetrapulylarmmeniu-hyeroxediOf L Framples alheniiegemegiiaining compound include
pyridine, pyritic, piperidine, 1-methylpiperidine, 2-methy2Ip|per|d|ne, 3-methylpiperidine,
4-methyl@Mﬁ@ﬁ&&@ﬁaﬁﬁgﬁ@%ﬁwl%%h@%ﬁﬁﬁp@ﬁiﬁ@ 1,4-dimethylpiperazine, -

pyrrolidi thyinyerolidine iealine croneqtanglaming: 4 e |
o rercRsBmidne clealsdopeetbaslemIs ARBAIBIIS. - ciooctane.

dimethyhnonoe mine, monome anolamine, trletfwanolar_ni
diazabicyElbneRBHe i&ZabibySiG et ee; 2(Tymazdline’ B pintolinéigditteiidine, ammonia,
methylarpi [ i iNes @an@ ! diethylarnine,
N,Ndipr%ﬁ%&%&%@ﬂgﬁ%&%@g %ﬁ%ﬁ%ﬁ%ﬁ?&%ﬂ flaﬁ%%e, tr?g?c%)%zzrhine and tributyiamine.

[0075] Firth&EFalb(ciats)oHaCid:68rtpoURdE andalkalodmgbo Rde (g1 Hit €Mieht (D) may be used
as the catalyste. \. o1, CH,Si(OCHCHa)s, CFs(CF1)sCH,CHs Si(OCH,CHa)s,
CF3(CF;},CH,CH,Si(OCH,CHs)s and CF3(CF2)eCHCH,SH{OCH,CHs)s;
[OC58] tertiary alkoxyalkylsilénes such as tnmethoxymethyisilane, tristhox ymethylsilane,
trimethoxyethylsilane, triethoxyethylsilane, trimethoxypropylsiiane and tnethoxypropvisilane,
[00539] ftertiary alkoxvarylsilanes such as timethoxyphenylsilane, friethoxyphenylsilane,
trimethoxychiorophenylsilane and methoxychlorophenylsiléne;
.tertiary aikoxyphénethylsﬂancs such as trimethoxyphenethylsilane and
triethoxyphenethylsilane;
[0060] secondary alkoxvalkylsilanes such as dimethoxydimethylsilane and
diethoxydimethylsilane; and _
r0061] bis-alkoxysilanes such as 1,2-bis(trimethoxysityl)ethane, 1,2-bis(triethoxysityljethane,
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[0076] It is also preferred to select a compound that thermally decomposes at a temperature in the
range of from 90 to 200C (hereinafter, also referred to as "specific thermally decomposabte -
compound") as the catalyst. The specific thermally decomposable compound does not act as a
catalyst at the time of adding the same, but acts as a catalﬁgst after applying the same to a support and

elevatingtistéimstharmeraox ysilstisdhane of thbiddimerbiisiarsi i dadridor the specific thermally
decomggm&mgﬁpgﬁﬂéf@’@glg(m&%;@%h&% ptkis less than 6.5, indicating that the

composition is acidic, the compound maysgromote the hydrolysis due to its electrophilic reaction as a

catalysPif thagihy exeibenssdy hhrasa hayiesnstsdesdios yashsr #frbfsis which is promoted by
the elegirgphlicreastinmptinesamedinggias i pddiipa.efdhe campernethbharebyRrehlems may be

caused when a porous material is used in a semiconductor. [0077] The specific thermally
decompBddleley s\t S p1esazaRf an organic compound including at least one of a urea bond, a

urethang hend grAN Amide RoRSELE MRIRsYlS: hiRieafnds ofile AIGRYISIsAMBAHRRIAcluding a urea

bond is preferably at least one of he urea compound represented by the following Formula (v). 16
[0078] RSO IPm (DO POPHs FEIHYNGIHSED, R21, R22, -23 tc and R24 may be the
same ow@i@fg{re@rggrgb%%%g{per, and each represent a hydrogen atom, a phenyl group or -CaH2a+1,
and a is an integer of 1 to 3. Specific examples of the urea compound represen'teﬁ]d@% Formula (v)

include urea, nfetHypRIEsSIIRE-BREBIRYRINGE! VI PRIINAIGESE B eisAEREHVARTISHGR urea is

particulgyly, prelaisedad0080k Lhe SamReUNgRavINgRHFphE %gg%g isRIgiaEvatdgastone kind of
the urethane compound represented by the following Formula v?.
butanol, sec-butanol, t-butanol, n-pentanol, i-pentanol, 2-methylbutanol, sec-pentanol, t-

pentanol, 3-methoxybutanol, n-hexanol, 2-methylpentanol, sec-hexanol, 2-ethylbutanol, sec-
heptanol, heptanol-3, n-octanol, 2-ethylhexanol, sec-octanol, n-nony! alcohol, 2,6-
dimethylheptanol-4, n-decanol, sec-undecyl alcohol, trimethylnony! alcohol, sec-tetradecyl
alcohol, sec-heptadecyl alcohol, phenol, cyclohexanol, methyicyclohexanol, 3,3,5-
trimethylcyclohexanol, benzylalcohol, phenylmethylcarbinol, diacetone alcohol and cresol;
[0064] polyhydric alcohol-based solvents such as ethylene glycol, 1,2-propylene glycol, 1,3
butylene glyeol, pentandiol-2,4,2-methylpentandiol-2,4, hexanediol-2,5, heptanediol-2.4, 2-
ethylhexanediol-1,3, diethylene glycol, dipropylene glycol, triethylene glycol, tripropylene
glycol and glycerin;

ketone-based solvents such as acetone, methyl ethyl ketone, methyl-n-propyl ketone,
methyl-n-butyl ketone, diethy! ketone, methyl-i-butyl ketone, methyl-n-pentyl ketone, ethyl-
n-buty! ketone, methyl-n-hexyl ketone, di-i-butyl ketone, trimethylnonanone, cyclohexanone,
2-hexanone, methylcyclohexanone, 2,4-pentanedione, acetonylacetone, diacetone alcohol,
acetophenone and fenchone;
[0065] ether-based solvents such as ethylether, i-propylether, n-butylether, n-hexylether, 2-
ethylhexylether, ethylene oxide, 1,2-propylene oxide, dioxolane, 4-methyidioxolane, dioxane,
dimethyldioxane, ethylene glycol monomethylether, ethylene glycol monoethylether, ethylene
glycol diethylether, ethyiene glvcol mono-n-butylether, ethylene glycol mono-n-hexylether,
ethylene giycol monophenylether, ethylene glycol mono-2-ethylbutylether, ethylene glycol
dibutyiether, 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 monoethyletﬁer, propylene
glycol monopropylether, propylene glycol monobutylether, dipropylene glycol
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[0081] R320 Il R31-NC 0 -R33 [0082] hi Formula (vi), R31, R32 and R33 may be the same or different
from each other, and each represent a hydrogen atom, a phenyt group or -CaH2a+i, 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

preferaihpae:iedbylotiekifidropymasiivelcopnseimdetbesdsiprptl Hie o gl BWREEBIRIERvii). [0084]
R420 n 8:?‘3 v .43 may be the same or different from each other, and
J&P Sht aFEy ro 85 1'1'1)3 E}ﬂa ph‘é%%%

each represen gen ato nyl group or -CaH2a.--1, and a is an integer of 1 to 3.
Specifid @ mesrdﬁami anhidetcompas d@btbxir%’émaﬂebmﬁbmﬂﬂw(ﬁm)em@mta@ehamlde

N-meth Ifor mldea im th If 0086] In th t t least lected
o B3 GO SRR BraoEreR B I e BB B L F s LAde Compoune

reIOreSeE@t@dt@ﬁ&%ﬂ@@é&t)xt@ﬁﬂﬁ&&ﬁﬁﬂ&@tem@em@lr@m@s@Bte@bbmfﬁmnyilac(m)amay be used as
gl;;ﬂle;lg@l;}lt gérqullgcgteat(t:é) ethﬁguty ace ate ”zde@lnlﬁé‘)%z ré%%t%téhﬁeh‘%?a%‘ép é%og{;c oh e(gqglsented by

acetate, methylcyclohexyl acetate, n-nonyl acetate, methyl acetoacetate, ethyl acetoacetate,
ethylene glycol monomethy! ether acetate, ethylene gtycol monoethyl ether acetate,
diethylene glycol monomethyl ether acetate, diethylene glycol monoethy! ether acetate,
diethylene glycol monoan—&utyl ether acetate, propylene glycol monomethyl ether acetate,
propylene glycol monoethyl ether acetate, propylene glycol monopropyl ether acetate,
propylene glycol monobutyl ether acetate, dipropyleneglycol monomethyl ether acetate,
dipropyleneglycol monoethyl ether acetate, glycol diacetate, methoxytriglycol acetate, ethyl
propionate, n-butyl propionate, i-amyl propionate, diethyl oxalate, di-n-butyl oxalate, methyl
lactate, ethyl lactate, n-butyl lactate, n-amyl lactate, diethyl malonate, dimethyl phthalate and
diethyl phthalate; and

nitrogen-containing solvents such as N-methylformamide, N,N- dlmethyifoxmamide
N,N-diethylformamide, acetamide, N-methylacetamide, N,N-dimethylacetamide, N-
methyipropionamide and N-methylpyrrolidone.
[00677 In the present invention, one or two or more kinds of the organic selected from the
above may be used.
[0068] (Catalyst)

In the present invention, the catalyst that can be used in the precursor composition
solution may be, for example, at least one kind of acid catalyst or alkali catalyst.
[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] Exampies of the organic acid include 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-ethythexanoic 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

I5



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 5000 is preferred. When the molecular weight is small, a sufficient amount of voids may
not be form ed, and the dielectric constant of the film may not be lowered. When the molecular weight
is large, 4bid sizbnmdithecfdrmed voids may be too large, and the mechanical strength of the obtained

film may, wered. Preferred,.examples of inc ' [) Compound
Having IEQ%LE}: k?aﬁ%nﬁﬁ%ﬁlog{%u%%gdp ﬁé&ﬁ?ﬁél ﬁé‘% %%%Q}d%é%?ﬁ%%@éﬁﬁ%éﬂ%@%%% at may be
used hetetnpretdrably has 8 to 24 carbon atoms, more preferably 12 to 18 carbon atoms. Examples of
the hydrophilic group incl a quaternary ammonium. salt, an,amino gro nitrgso group, a hydroxy
group arfé%g %Ea%%yﬁﬁte%%dﬁ% ﬁ%oﬁéﬁlﬁleé% g%%%‘fetrer%rg?ﬁ%ﬁ gn%onq%ﬁl:%r%oﬁyﬁfoxy group is
preferableracthyBpesificatihainoaidd araraprippasati seresemtec iy thel fottabvitg Aononian(X) is
preferred as the, surfactant. [0089] C111-12+1(N(CH3)2(CH2)m)a(CH2)bN(CH3)2CLH2L+1X(i+a)--
Formulag( oXd§n Formula (x), ais an integer of 0 to 2, b is an integer of 0 to 4, n is an-integer of 8 to

24, m is @0 Tale e bR {0k Be hilscasriniegaimhd dorRdyandn hepreseidisa tydoxidipéondia,halide ion,
HSOA4- or a monaovalent organic¢-anion. [0090] If a, b, n, m.and L, are within the.above-described ranges
and X is tHBSEHANE GELRT SR EH. W&ﬁ%%@ir%ﬁ#%%?&ﬁ%&%& g?@'eé}?’é’%ﬁ%%%%en@ BY&RE compound
sufficiently-pepatiptes into the-voils shitirigs gasiphaselipetiomaftestas dotenation of the voids,
thereby facilitating the occurance of desired polymerization reaction\,,[OO%l (I Co otmd Having
PolyalkyTBHE CRiHe Sipgcrifeline, TRORGH %?Bﬂ’f?’p ] GHRIBS FEREF ﬁﬁ\%“ﬂ? & HBBiyethylene
oxide structire.a PRIVBIARY ISR QXIdR SIUEEMe ARCYERIAmMEAYIE R 0xite Sthutuie and a

polybutylene oxide structure. Specific examples of the compound having ?b;}),?lyalkylene oxide
structuré RERRY AWBHARERYR (RIS E D B o XROFB By TR SHSE 850 RREP AE, methylamine,

pO'VOXY%ﬂwM#w%M&%@%ﬁﬁQm!mﬁ&HW SONPRseE:Si6H) Bsha
polyoxyethylene-polyoxypropylene alkyl ether, a polyoxyethylene alkyl ether and a palyoxyethylene
alkyl pheipretemisadbinéHusEamie EomPBURIL Ry e PR S BIRYMARES &-in fatty acid
ester, a ylene sorbitan fatty acid ester, a polyoxyethylene sorbitol fatty acid ester, a sorbitan

fatty acid ester, a propylene glycol fatty acid ester and a sucrose fatty acid ester.
[0075] Further, all kinds of acid compounds and alkali compounds including element (D)

may be used as the catalyst.

[0076] Itis also preferred to select 2 compound that thermally decomposes at a temperature
inthe range of from 90 to 200°C (hereinafter, also referred to as “specific thénnaliy

decomposable compound™) as the catalyst. _

The specific thermally decomposable compound does not act as 2 catalyst at the time
of adding the same, but acts as a catalyst after applying the same 02 support and 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, gélaﬁon may be caused as a resﬁlt of hydrolysis
which is promoted by the electrophilic reaction at the same time as tﬁe addition of the
cornpound, whereby problems may be cansed when a porous material isusedina
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 éompound. including a urea bond is preferably at least one of the urea

compound represented by the following Formula (v).
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[0092] In the present invention, one or two or more kinds of the surfactant may be selected from the
above. [0093] (Element Having Electronegativity of 2.5 or less (D)) The composition of the present
invention contains (D) element having an electronegativity of 2.5 or less (element (D)). As
mentioned above, element (D) used in the present invention exhibits an effect of increasing the
reactivifp@Eiveen component (A) and component (B), thereby enhancing the hydrophobicity and the
mechanical strength of the finally obtained porous material. [0094] The specific mechanism of this
effect is not clel, Ut is ptésumed that the organic functional group in component (B) is removed by
element (ﬁ) anél a reHction[active ﬁite is formed, angyas a result, component (B) efficiently binds to
comporfe ‘(ﬁ)Nh@féBTR‘lNhﬁ‘]{Raz dense inorganic polymer. [0095] In order to attain this effect, it is
believed to be important that element (D) is an element having a reversible bonding state with respect
to an element in the composition such as Si, 0 or C. In order to have an appropriate interaction of this
kind, ari@@sieht RavindpdJifTe R R&RfingdRC nucathetyarentidiffotSifionrasqtheferred.
Specifically, an element having an electronegativity that is loyyer th b, le electronegativity of
0, is pré‘Fedr%%a(%?{ngé?%eﬁEe%ﬁ (gr\% allfrlloé?égtp?)}%@gﬁé% tcf'\ra_t(l’loé 6Wé@rhaa§n%é§,1ﬁte%%t é?gle{%'gbnegativity
of C, is more pfefarifadeanthéns efchremntchavingaandleptrspegdtvitydtatk lowactndantss.i e | the
electronegativity of, Si, .is further preferred. [0096] Furt t this time, the |c.element contained
in the plonr%%gyﬁ%ﬁl’nlééglsn}% gl'gﬁ}\% 3’%%&)%%{71[ %ﬁﬂerrlﬁa?ﬁflr}gt%% 1rIE(E:‘ain t%gl ﬁﬁ?‘ﬁ ,d({e%%ﬂ#%sat}gss of any kind,
especigiyridtettrigat sftesd, is applied. Moreover, the metallic element needs to have a property of not

advers ing other components than th rous. material us film) i ject in which the
porous Tl SO B e preterred
as the elemeantibrber teettmiolyinhthfolbovons Heaterial(sjnce it may adversely affect the performance of
the sergwguctor 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 bRﬁ\ﬂth@ the scope of the present invention. [0098] Further, element (D) is preferably an
element havingjan iofiic radius of 1.6 angstroms or more, which is hard to migrate in the porous film
even if @qée[_tg_i_ levelof el Lri;ﬁi’s’tress i5 aipplied.(l\hi addition, element (D) is preferably an element
having an atomic weight of 130 or more. More specifically, heavy elements classified into the 6th
period in Periodic Table (elements having an atomic number of 55 or more) are preferred. [0099]
Repfesgéwﬂxeﬁ%m%s(%ﬂ?mw (% which,tlfil the fareqoingrtpgiirements kargapplicable to
the present invention include’ B, Al, P, Zn, Ga, Ge, As, Se, In, Sn, Sb, Te, Rb, Cs, Ba, La, Hf, Ta, W,
Re, Os caghPeprescivig hFilrPEs Bl Po, spimnd arawnsdidlamaing s BBapdidnto) is preferably
at least one elegienselegied Iambe ¢eLR-CRRSIRING RiFsRddspihanridsaifiRiRe, Bi, Po, Se,
Te, As, Rb, Al and Sn. The composition acccording to the present invention includes at least one of
these efsgilritsa{o1oo} Thé sHsthediemfitroducing element (D) is not particularly limited, and may be
either a@ﬁt%t drpf inadhcinhelemenbiDhtas b A Mmethadint iRtiesengiacompRuagiRciuding
element (D). [0101] The compound including element (D) is not particularly limited, and examples
thereof fRehgEnd Wﬁ%@éﬂ%ﬂﬁ%%%ﬁ%@%(}ﬂa; an oraano-metallic compound and a basic
compOL{@gg ther known compounds including components (D) according to the present invention are
also applicable. Element (D) can be introduced using these compounds. At this time, element (D)
is preferably intRﬁ?ucé)j as a mixture of these compounds and water or an organic solvent such as an

aIcohoI.RM ;L ﬂ 43 - WiD

[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,Hja+, and a is an integer of 1 to 3.
Specific examples of the amide compound represented by Formula (vii) include

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

[00861 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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[0102] (Siloxane Compound Represented by Formula Op The composition according to the
present invention contains a hydrolysate of the siloxane compound represented by the following
Formula (1), as component (B). [0103] RA Si0 RB [0104] In Formula (1), RA and RB each -
independently represent a hydrogen atom, a phenyl group, -Cali2a(-1, -(0-12/b(CF2)eCF3 or
-Cd112dareaente®A and RD are both hydrogen atoms simultaneously. In Formula (1), Rc and RD
represenf(% ngl u%% ttgz%grks a silicon atom and an oxygen atom to fona a cyclic siloxane
structure; or eac md%pen ently represent a hydrogen atom, a phenyl group, -Caza+i,
-(CH2)b(CF2),CRasmrostiitbil. of the prdsarnimiarfidractensasentsanstitager of 1 to 6 (preferably | to

3), b represents ap integer of O to 4, c represents an integer of 0 to 10, d represents an integer of 2 to
4,and n represeﬁgse- 5%%‘%%&&}5&% %%Féﬂff elf&ﬁ?@] %%Lﬁ%%?‘%&dﬁé“ﬁ?ﬁ}ﬁ%%&%?@@f a siloxane
compoundaeprtseniathiy Formida (4)5000e saRpesitionidcsotiingdR iR presaitiinyaation, in
addition t%%)mﬁonent (Aéfand eIement{]gg, the optained porous material formed from the composition
| _

can be h§rOBRBLIRAT & HES BN thEBEE L ARG 0t RELEHBE FORMFBHS ARG HE SH&hBth of the

porous natériabedn beenhascesi-Moieaaimthel sioraae siabilinref ieeeripasition sandse improved.
[0106] théerl%orou material formed from the composition according to the present invention, which

includes ZH5ofSR D sthefakshaebhip thiePraprs e aBy 1), component (A), element

(D) and surfactapge(fg@)gcm%@g[@bigf%@mmﬁmgmygg@gq@m@mgity, especially when the porous
mateiral is formed bgvpirradiatin the coated film formed from the composition with ultraviolet (UV) rays

in order (& P8foVE SPTERRINEHEIRE-SHEGERA Y] Frawp mwiHydirpRss [iatPreasons as to how
the above effeCtﬁ@ﬁﬁgl\éﬁgmvbﬁm{%@fnﬁﬁt%&%@QM%&%%%.@@M%E@C%Und

represented by Formula (1) and a disilyl compound such as hexamethyldisiloxane. However, the

present iAVERtIGATS BRI fot ks 37 R8R 8HEm0 107 armdd ai ek HiechuarAplitin Eresn daehdsc by
Formula ghhinehigasSidhatnasdwe Hneionalgroups RBHAARINALLP sligpreiom (Si) (.e., Si
haVIng R?arabggyl:fig)gfoup. Among these, a quaternary ammonium salt or a hydroxy group is
preferable. o _
Speciiically, an alkylammonium salt represented by the following Formula (x) is
prcférred as the surfactant. |
[0085] Colanai(IN(CH3)2(CH2)m)o{ CH2JoN(CH 3 )2Cr Hor 1 X145+ Formula (X)
In Formula'(x), a is an integer of 0 to 2, b is an integer of 0 to 4, n is an integer of § to
24, m ig an integer of 0 to 12, Lisan _inieger of 1 to 24, and X represents a hydroxide ion, a
balide ion, HSO," or 2 monovalent organic anion. ) _
[0090] Ifa, b, n, m and L are within the above~déscribcd ranges 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 ocourance of desired polymerization reaction.
[0091] (1) Compound Having Polvalkylene Oxide Structure
| Examples of the polyalkylene oxide structure include 2 polvethylene oxide structure,
a polypropylene oxide structure, a polytetramethylene oxide structure and a polybutylene
oxide structure, _
Specific exampies of the compound having a poiyalkylene oxide structure include 2
polyoxyethylene-polyoxypropylene block copolymer, a polyoxyvethylene-polyoxybutylene
block copolymer; ether-type compounds such as a polyoxyethylene-polyoxypropylene alkyl
ether, a polyoxyethylene alkyl ether and a polyoxyethylene alkyl pheny! ether; and ether ester-
type compounds such as a polyoxyethylene glycerin fatty acid ester, a polvoxyethylene

sorbitan fatty acid ester, a polyoxyethylene sorbitol fatty acid ester, a sorbitan fatty acid ester, a
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In the present invention, Si having two functional groups each containing no Si may be referred to as
"difunctional silicon atom (Si)" in some cases, and Si having three functional groups each containing
no silicon atom (Si) may be referred to as "trifiinctional silicon atom (Si)" in some cases. For -
example, if n is 3 and Rc and RD are not a single bond in Formula (1), the silicon atom at the center of
the maiprapidimeginposad oithtegacpebaingcomitsfoft SrOdssagifunctional silicon atom, while the two
sliicon the ends af.the main I if IQK ili E ' ula (1), at
least orfé%(?ﬁhaéﬁ}\}qvg fiRe %H%T%%téubg%%%%ﬁ% J%Le' %‘%%%?éﬁgafﬁ %EI] %%E%\%%I&t I%{B iseagﬁgg{?phobic group
(a phenybgrthepab@akkati, - (CH2)b(CF2)0CF3 Or -Cd1i2d-1) [0108] On the other hand, a disilyl

compo such.as hexamethyldisiloxan R,ag?t tefinict] ilicon atoms, but has no difunctional
silicon i?(gr%fﬁj PE? Ut tgri,g Yrﬂ%eg %xﬁ%%%ﬁyl‘ sﬁ@é%g? %tﬁgo@tbw% three functional groups bound to the
trifunctional sili€bn atopositometiiyd growpsithyatophobitagro(ps)gozooFromane result of studies

using FT-IR, the present.inventors have fo hat a hydrophobic group substituting the difunctional
Si has §lﬁ‘fé"r?8F %%ﬂle%i%%a?fﬁcgrtﬁgﬁpﬁi%?g?g drophobic group substituting the trifiinctional Si (i.e.,

less likely to beAfseseupiometd ¥hirvadibtioent (D) Aescona thglyrdsynfonming e saFobissraardfrst 5§ irradiating
the compasition according .to the present inventiog.c Inir yarol Lasixang compound
represelrt?%%aﬁlf} %gr?nrﬁ éﬂ“tﬁb %vﬁ)t% V rg%l,pr%zgr}g E@g&rogﬁ) [ g%%pésﬁgﬁé% a?n in thﬁe?%orous material
as compmteshivithdine aashinmuetiiehi cahytdrofybarbtbe Anidilydcempbpeidis asderitlstead of a

hydroly f a,siloxane compound represented . ormul LISBSS d that the
mycrop Oy D B A T e S ke bt
howeveiyrttaithlecabgvia desgpription Bpesraobiruidate tracnh €N ydfop el ey ftrRsgersus material is

weakered by agding o INGIONSOIE A PN CTROUIB IO COMPONBIN (). rersBpERlY, 2

explaine&% e ICIty an mec al strength of the porous material can be even
more inprevecobgausipglarhydrolysate of a siloxane compound represented by Formula (1) and a

ol Slbly comeaunl neorbinaiian.2s somaaEt R casa MY @ o

ysate o xane compound represente ) is'used. [0111] The hydrolysate of a
siloxanelemepdunthpepressnicld bynBivlgkiait)veidorhescatodesteibent ab Svecerfapgfion ##nproving

oot of i Porusmeistal bubinding g comaanant (Ui Inaieeeneraelemen ©O).

4 additiort € function of improving opbicity of the porous material. Moreover, the
hydrolysifferofiaPsibixarsecompgatd tefres dhab d i K3 onGlasetigshas@ it 8Rimproving the

Store.‘geegé%%ix'i%%‘?ﬂ‘%ea%% %H!%?u LEombe Miswpeint oharaining vdiplofieity(lower
_relative

lelectric coristant) by performing UV irradiation, in Formula (1), RA and RB are preferably a
hydrogemesitow; aphbnydngroupne@rd ectepradstintintbeas dvetdBar 2 (GH2FCF2), CF3, more

preferaliy A NAIRURRAPE! R1uGRIT2ALE (2da e Oleden ol i Oh ulihBialerabla fydrogen

atom or - L, (@’ls an'integer to 3), and particularly preferably one of RA and RB is a
hydrogépveanthaankdthiecotihercisciaesztivita of &h iStBgBcoPraE3yd-  Further, from the viewpoint of

attai”i”?o'd%@a‘!o@Gﬂﬁiéﬂté(t(!ﬁ%e"ah{@'ﬁ{évﬁ&ﬁi?cc&i%ﬂ%&ﬂ&@é&ﬂ%%&%ﬁé%ﬂ&%&&@@!ﬁ@é@rength, Rc
and the'RD are preferably a single bond that links a silicon atom and an oxyﬁgen atom to form a cyclic
siloxane stapsttyeofiremaiing| siehid e dinfdum ¢ vepie sente e rbaduringginly egeicdloxane
compound)s ;s »EHrther. frmdihe viewpointiettes efferismhiine rrasaabinvestian airkaimula (1) is
more preferably an integer of 3 to 8. ‘ : _ o _

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 1

not preferred as the element to be included in the porous material, since it may adversely

affect the performance of the semiconductor 1tself.

[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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[0113] - Cyclic Siloxane Compound - The cyclic siloxane compound is preferably a compound
having at least one hydrophobic group selected from an alkyl group having 1 to 6 (preferably Ito 3)
carbon atoms or a phenyl group, at least one hydrogen atoin, and at least one functional group
selected from a hydroxy group.or a halogen atom. Examples of the alkyl group include a methyl group,

an ethyigmeup, Mqeopytgrauly, dedvy blayigtodlsssifiedig GrotpreagdiaRencdaifeiebranched
structure, and the hydrogen atom thereof [ fluorine atom or the like. The
halogerq% 21 :cr)nr?lnlt(é %%%%%e ﬁtgrrﬁl Sgﬁﬁaéa’r ghﬁ%%%ﬁﬁé%&%#&%%%ﬁne [0114] The cyclic siloxane
compoUifadiz] pRdpredeiytai co mxpouics epresemtd@byvthehfBildli iy Forpoike (R o¢mspts and
-(SIR8RYO)L(SIR 10)M(SIR12R130)fli(.2 14 89 s Sh. Te. Rb.  N- R11,
%2 and RIS Daeh G BN Ao noshUul ety AR PRATCR, G D S Sp Sty Iy o
-(CH2)I6{€ B2), Ci 3y FC ¥L-R200k, buPR3 arfdgRolaPs BitPnoshyddagenthtomd. simdgiareously, R19
and Rn,are both not h en a simultapeou an a of hydragen-atoms
simultaﬁ%éﬁ’s%?.mpon%%rip eggﬁse%bﬁsl%gg%arsg? ?t%%%%%%%ééﬁé%ﬁ%ﬁ%ggt%f%% 4?%}Elrepresents an
integer Of, (B LottmdidsdpfesdhtFaPiotSgeTofsi® Y, Al anthSFormilla @nHovésresents an integer of
0 to 8, m represents an integer of 0.to 8, n,represents an_in r of and L, M and n satisfy the
relationas%ﬁf)g§<lfﬁrr]§?-%@?ﬁfﬁﬁ%ﬁ %ﬁg‘ﬁeﬁv&ﬁgﬁﬁ% Iﬁt%%%r%eh%} rc?pﬁgdbicity (low relative dielectric
constaif) 19y per e mirthodrétiationiveithe dicaviotét Ypigs) R 8aRioylay| Wi tRl 2rah R 18 aibégpreferably a
hydrogen_atom, aphenyl group, -Cal-12,- is an integer.of 1 tq 6) or - F2)GE3, more
prefera%lr)?‘%tt '?/%{r)ggnétﬁog{ ogrﬁ1 %ﬁ?ggﬁéﬁf%éﬁsogﬁ fﬁ%rg%er %fﬁfg%'g%aﬂﬁﬁ%é%%%% %12 fl1§ygdrogen atom
or -CaH2emdnfaI¥).an integer of | to 3), and particularly preferably either one is a hydrogen atom while
the othey, Js, - 2a--1 (ais an integer of 1 t 11 ifi¢ mples qf the cyclic siloxane
compoi@néﬁi%ﬁmg {:ﬁ@}%@? rllﬁﬁglr%% o%?ﬁl?ﬁtm%%{/glgﬁc %%@ﬁgég‘n@)%ﬁ%%é%%ﬁmetﬁg/lcyclotrisionane,
octamethsteytlotdtidesi oxzate coi8p5:de tar aridtmplnp@iad7 A tegaphensley sl statgasiibiahe,
1,2,3,4,5,6- hexamethylcyglotrisiloxane, 1.3.5,7- thy1-2.4.6.8- efhyleyclotgtrasiloxane,
P e e e R I R SRS
tetraethyleyaioteterdasitoxandsd aBiBiZatéteraphenylcyclotetrasiloxane and
pe”tam"tthy'CY%?&&Q&?@H%%QG% introddd %A'Cxﬁ'é%%%%c&mﬁé?“”ﬂ? tﬁﬁ@' iheandag.Hsas) i the
present invention may be‘use alone or in combination of two or more kinds thereof Among these
cyclic sitoxaredy 1936 vcmt camn atiwtioycidtttrssiioxaneidsrnd s pprsferzetic oY o Bighlyl

Compogsngx): alcohol.

[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]
. » i}
-
RC Sj—0-+—R" Cee (1)
L

[0104] In Formula (1), R* and R® each independently represent a hydrogen atom, a phenyl
group, -CyHa,+1, -(CH2)n(CF;).CF3 or -CgHag.1, and R and R® are both hydrogen atoms
simultaneously.

In Formula (1), R” and R” represent 2 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,Haavi, -(CH2)p(CFy)CF3 or -Calaa.r.
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The composition of the present invention preferably contains a hydrolysate of a disilyl compound.
Here, the disilyl compound is a component-that assists the siloxane compound represented by
Formula (1), and when used in combination with the siloxane compound represented by Formula (1),
the disilyl compound contributes to the improvements in hydrophobicity and strength of the obtained
film, as well as iexerntsiala gffectraiinerasnyitwesidratets(abifityebitHe cdmpositiensnfo 220] The

reason for this is presumed to be as follows. ficall o QS‘A”gmﬁ ﬁ\dded
unreactecg §?angf%rroiuﬁsr %%tsg?gs erlelgée i e?r%%?r%?g\g%%{%ge?hawg éréllf(‘/ﬂz as’a main skeleton
(mcludlngmemnmmenﬁége)raxﬁd oolgrpa)ment (B)) are capped with a hydrophobic silyl group. Therefore, it

is thoug t cts o din t compound includ the mechanical
1

strengtlﬂ%ﬁgﬁ tﬁ éprlr‘?rg1 %d F?OE’ISEX rof: gr% 0C. Be%l%ghq%%% é% g)lw}%whlch is due to

the bindinpinfie hzynkm;shndmam@rﬂgrgh@mmmcfaoewmmmamwhdthan ttheosﬂaml“g K@\J)pﬁnd! addition to

e effct of mpigving e Rugrophociycby e Russohohc S araup er, since the capping of

a terminal SfAno! §rotP of the Morganic polymer & a So inhibits excessive polymerization of the inorganic

polymemiy’dtbﬁ}mbmmb(ﬁmoﬂmtreslelﬂﬂwghtaMtW%t&@dengﬁswmecﬁmmmf #iso include an

effect of i |m rovmt%&hf qbrage stabl(gty (R;Ithe compo 1tti il%l Ift Eﬂﬁ%%gmgrpg&g)ggng to the

present?ﬁver‘?t% Hihsa y? compounav?he compo |t|on ca remarka Improve the
mechanicairsteeingth of the obtalned porous material, especially when the porous materlal is fonned by

irradiatlria%@ﬁ] ategrfllury fm@r1 %_g?%e%l% osition Withnuzlitgg(\)/ij e% %%J\L E%%l[“ows 0,remove at

least pa Aactant. S EASON for this eHect 18 presume eas ut the present
mventlowhﬁch@ﬁdinﬂtsd ]mmdmate of Spéma‘analtyumormtmesbaﬂ@d\lef Hoenhyle ld pirstyie oroiip

substitu t etrlf |nt Ico nd ism r likel sy %Y jrradiation, for
examplfgﬂg’s E;omp§ hL{'heChyée %%?10 %Xroiup surBs%lfu Ienyg yo‘%unc{ | Skf in the siloxane
Icom pouellqbafepl‘fgseh?eaﬂnbpﬁmm olat ¢! Thﬁr@ﬁoﬁé?ﬂDWérMI the mﬁﬂﬁﬁaﬁ]m@m%fmgﬁ%@:;m [?ou nd
oses at least part of t roups, a s enter ly %ﬁaﬂg\ccor ingly, itis
thought%HW&wals‘?’yﬁégp‘f}ﬁ% f Ras 8§ eaft eg%r%lgf?t%? %Sqqhgf/{j%gp IC groups is introduced
into the skeletolifefmkd/fremrcarspordntifinand wompothert(B); ﬂf&:ﬂébslﬁdtth‘eﬂdlmptbvmg the

mechanlc%ll strer{gt{?1 of the sﬁsﬁ'gﬁ&we% égg’n%}%%ﬁed abgé!%e W&%ng,% wy ﬂ%ﬁ(a%rdmg to the

presentinvention incrud compoun ane co poun resented y Formula (1)

partlcuI@&lmmnmnhedwmbhm@ywhlmxmd|SH§d\E@mpdhﬁm}§amtuﬁ‘a?Wlnnp?@@és the
mechanfcal %@ h |n the system in which a coated film formed from the composition is irradiated

with ultraV|o rays TBiZZ] The disilyl compound is preferably a disilyl compound represented by
the follof0iHiy F SPheutdoi@nd 042 3pRizi RipRic6Sd bX-FSlRJIﬁRmRT(CBlW@ﬁM}ﬂhh%PWMa (3), R14, R15,

L6, RIS AT B9 sach ndsnapdanianiessin icragenatom, aphemy aroup. Caklati or

-(CH2)b fepresents an iteger of represents an-integer of 0 to 4, and ¢
represents an |ﬁwgepm%mm@nzozlﬁtémesghwéﬁr®&%@h QW@WNZQ%F@S%W& hydrogen

atom Orﬁg fngé%'éI& to as “difunctional silicon atom (S1)” in some cases, and Si having three functional

groups each containing no silicon atom (Si) may be referred to as “trifunctional silicon atom
(Si)” in some cases.

For example, if n is 3 and R® and RP are not a single bond in Formula (1), the sificon
atom at the center of the main chain composed of three repeating units of Si-O 1s a
difunctional silicon atom, while the two sliicon atoms at the ends of the main chain are
trifunctional 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 (& phenyl group, -C.Hza1, -
(CH2)s(CF»).CF1 or -CqHaqa.1).
[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 hexgmethyldisiloxane, all of the three functional groups bound to the
trifunctional silicon atom are methy! groups (hydrophobic groups).
[0109] From the result of studies using FI-IR, the present inventors have found that a
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and e represents an integer of 1 to 3. [0125] Specific examples of the disilyl compound represented by
Formula (3) include hexamethyl disilazane, hexaethyl disilazane, hexaphenyldisilazane, hexamethyl
disiloxane, hexaethyl disiioxane and hexaphenyl disiloxane. The disilyl compounds which can be used
in the present invention may be used alone or in combination of two or more kinds thereof Among

these disiigiopbnbpogrady, subxtimbngthdiditoratiens] Hidfermbigher EVnerastans dhamibaébaipound

represe r ] | ingti ith.a; rSilyl . Examples of
the furtrgé'rﬂgqaogé%w%g@%@%é ?n?hi%ee%%ﬁéﬁ%ﬁ g%%uﬁ?ﬁ%e%@%ﬁ%fﬁgﬁgg rimgﬁglsilyl
dimethytaadingotimethylsilyl diethylamine and trimethylsilyl diphenylamine. [0126] <(b) Step of Folining

Film of Porous Majgiat.. oy i Roreus materiatal(Bs preseahiniRIIGN-6ambe Lhtalngd by applying
the composition of the E%S%t Invertion onto a support to form a tomposition layer, subjecting the
formed totimpositiohitayatito adreainiesirhgdn lasddradistiopative hearaebrer esempdsition layer with

ultraviolgt rays. Further, the qQhtained fil EEEM e,Subj dylati ' j ing agent. [0127]
The suplgr)ocl?r?}l@a A@?%{ér .‘éfﬁéﬁ i%&égéﬁ am%lézgt%}e%r%%?fn%%@(e%%Eg%%%?%%%%}ggn wafer,
stainlesscstpatcdnuiplasticosscThesdtcpe nfdtwbystippdit dinbi saripotadydiniid et mby be any one of
a plate gh a.dish sh r.the like, m%ﬁj I applwi o] i nto the
support%llggn%ﬁyggrgt%ﬂ asrllfl;/ E%l%é:é,ni}no %%(g%ﬁib%%g%g}r)?c?f Inc utge(t 'pié??n%gt%oﬁd? gﬁlgggﬁfspin coating
methodfmichstiygrmyéitiodita dipheqatings methiod, candbthesitilesk #bdy axarpié; in the case of the spin

e o {eech e AuBRal i piAser on R ERRIBL A0 Ie GRNNBec nsinbRgd R e Suppor
while rotating the same at a rate of from to 10000 rpm. By performing the coating, a precursor
materiahfclorpbdsitiondager pantishnisterisilisarsokontddiniaddoumporsply tals edbapsiient (B), surfactant
(C) and element.(D). is for the support. [0129] The obtained composition layer is subjected to a
heat treg r%&%%ﬁ(tt%ger% )%Igc}[lgtg( he heating temperature at the heat treatment is preferably from 80C

to 400C. TRechdmotiaatsramizsahdrtio fudibidremh@ricompab s leat e atrreghpdidimed at a
temperat wer, t 0QC. i latil ‘ HER.AS gggﬁ{g’g&plvent or
water (| ﬁ%%%%?aﬁ%rﬁgg%ggﬁ%% 15&?105%9:18 aqtlggl)é\%ttirr?l nt%ig%ﬁg{é%%at a temperature of 200C or
higher incoreientaireniovertie Sudadtahyduiichthas bdsi ddweepromtha fermaieHst veids, by thermal
decompositi 9h- r . reat i r materialim iately after
the appﬁé%.i %ﬁ?@%@%@%ﬁﬁ%ﬁch@%ﬁ%% %c})ﬁ%%t(%g%v%gt%%% g(glgg?g%d %e Bre?lﬁ%or material,
it is prefeerantio(iensasedhe volatile components by performing a low-temperature heat treatment.

The tem?{?}%&rﬁgtgae%ﬁﬁéﬁf&?&? Q_%E?&Mﬁ&%@ﬁé&ﬁﬁ*}@ﬁ}é&ﬂ@%%%@ﬂ% Pieferablyfrom 100 to

150C. When'the te ure is within this range, volatile components such as an organic solvent or

water calesbehedhaboed afilection cdisipg yraknit sugth abbwpiieyonpeerhB oPIHETIAY. The

ow-tempeiae,\eal HGAENL A, b8 SHITEiBS) s £ondueted oKt feasti minueut the curing

rate may bé‘)extreme_ly lowered when the time exceeds a certain degree. Therefore, in view of
efficiendydise kil 6y tehewmpeataralheat treatment is preferably from 1 to 60 minutes. The

method for heafipgfhe silicasekiRatnartichiany Jmiteth and-any daeumn Meshads fgn heating a sol

may be employed. [0130] Next, thé high-temperature heat treatment is carried out. The higher the
heating tenfp@nstioe of tharhighads st sipiliffrebbscatiofiécsasier the decomposition of the

surfactaf i 1o ﬁ%wEhmé/%%%iﬂpaé%waf}ﬁs@qlpamaﬁmcwwaera%ﬁve@m&m pigs@ssing. the
temperature is preferably 400C or lower, morgo%eferabg/ 350C or lower. Further, the temperature is
preferaiy op@e i highadistior prEaraply 300t GAiBharcireheritiAdWBrase pioBedsing time. The
high-tergperase.heating, may, Re.garrieck out vrdles anydeafingrajieaspiiere suet-asyitrogen, oxygen,
hydrogen or aif, without being particularly limited. However, the hlgh-temperature heating is preferably

carried SHPEERERICH-Oxyden AlrioSpREPESTSIHdetir the TRy SEEivedhyifogen atom or -

C,Hz,+1 (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,Hza+ (& 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 2 cyclic siloxane compound).

| Further, from the viewpoint of the effects of the present invention, n in Formula (1) 15

more preferably an integer of 3 to 8.



during the semiconductor processing, wiring resistance may be increased by the oxidation of Cu
wiring. The non-oxidating atmosphere as mentioned herein refers to an atmosphere in which the
oxygen concentration at the time of performing sintering (high-temperature heating) is 50 ppm or less.
[0131] In view of the aforementioned, the heat treatment in the present invention is paritulcaly
preferafly Iégrrieyolit Bylsuine Ctimgpthmdemposition layer to a heat treatment at 80C to 200C, and
subsequently tg.a heat treatment at 300C,to 4 e PIEISHL INMENHQRIt is partiucalyr
important to pe%%ﬁi?‘ya%?as\%%%%l%f A |%ﬁ5?’1%%%[c%3 C r%%ltjm lon layer théat has been subjected to the
heat treatdneptiobicviesup iébrnia Ganpenaikyngaiarahavatekbitéracirebielbterio eaisiant and a high
mechanical strength. After conducti xtensive studi f : iolet ray irradiation
! 0L NG %ﬁ?‘ﬁ QhytEav y ,
it was sﬁ%‘?ﬁ‘s?ﬁgﬁ g%logf)olﬂp tHAt the Péll%r}%’/'graé eg%ﬁégt%%cztgant Can be u?ﬁer Iovyergd and the
mechanigat stidngtha dadioefurther ompholetmdiomirrdthatigreisqfe Hoathet suipulteiivdsiet rays within a

specific range.  Specifically, when irradiation_is conducted wtih wifr '19 ays within, a.specific
range, H?%Wﬁ%‘ﬁ%oé’%& Ygl e¥?81t%81f063t%%f) Weafbe%a%%ﬁigﬁgéﬂ\ggroﬁ%ga%loﬁgto ?he ifu_ngtional silicon
atom (Si)dincerhpaniest (B)diuee, eithdrednelofgRiatomd RBdnFainblastbytiesdmes flaerfiém Si prior to
the other functional group, At this time, as mentioned above., the hydr ¢, groynboxind to the
difunctiBivat & fi“?z ively g%% ?l%eer}ya% ésfgreéee?l?ﬂgfg obrfg‘“,1 oﬁ%xcﬁyrﬁ);ggl%?’w enleither one of RA and RB
is a hydruigen atbacaiit tikotherissphyd dppebicagivapohedwdrogeesanted pyaferéntianipdecomes
free froI%n Si \/\Qi the hydrophobic group remains at Si. Further, it was found out that the site at
which th&fiH&isral group of Si had been eliminated was brought into reaction with a silanol group
presentonhlttie skeleton of the composition layer, whereby the hydrophilic silanol group was removed
from the skeleton of the compasition layer Moreover, as long as the composition layer is
irradiated with yltraviolet rays Within the aboxge range, it was found ogtzhat the hydrophobic group
remainirrg-cﬂﬁ*é#ﬁ%@,)e@ﬁéa&é&ﬁe@fn@%n@RQh nnula (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. . !51 viﬁw 0112‘ the al?30ve, it is thought that component (B) functions
as a reiffiotéihgmgentiy BIxRIgRO the, dKelRorofitRe eavhpodsiendenidy, rRmHeFEMEYHGERE silanol
group that forms an adsorption point fer v gqmaintaining Rydraphokis Yraupsinan amount that
i e A AT SRS

i icity. As a resuft, it is thought that a porous material having a low

is necess
dielectricydomstantanslsinhijmmashaRcamirBngireisoibrmms 4y[023) PrersFiaU eSS F the
ultraviolgtara atment in Qrder i ahove:-described porous material include the following.
For exal}r%p eé,{c%t&ge w%@éll?eoﬁé?%%%%é%%%@% rays is grefe_rably from 10 to 400 nm, more preferably
from 150 to 25@ mprepthisratHetogsvetbhighlidweeirrenis zaijezenefittaviofetcRigecRB & energy that is
sufficient to gpgﬁ5%§1ﬁl&ﬁg%}g}@&qggg in:comRPReny(B) from the silicon atom. The intensity of

ultraviolet rgys has an influence on the time for separation of a functional group or the Like, and the

higher the interisitjoofule d¥ioletapipsaatsipe iskrate piE Y haTorEpaERThBRE BE T PraréBre, the
intensity is, preferably, f1om 4:190Q MYWEMG: MoteRreforablycftomhenip 20muienag. When the intensity

is within tﬁls range, the%ntensny is not too small to fail fo separate the functional group in component

(B) fronl@h&73iliEermatenyiovPrinted MiriBite Sepmihebisi fy AefoFArGTSUPERTESHIEN bS), thereby
deteriorpling: i Iy aRRBRINGf e BRianad RorRusMaleriat 10434k Thedprpatalyie for the

ultraviolet ray irradiation Is preferably from 10 to 400G, more preferably from 150 to 350C, particularly

preferablydiegaoome BE0DY THeUradidion i SiferR ialREE afrietd QAT Hidh W mbdralird Shce the
reaCtiorct%@{%b%‘} D& JRFIEASEN SErmeRf Separ %H%égemfpﬂﬁﬁg%km@lﬁeff&ﬁbm@ silicon atom, and
n

the reaction between the site from which the functional group is separated and the silanol. The time for

the ultrdwidegeaptamdiationisnde Paidniassy nltde 3h o RygrerBly B freabbU e thitPS S minutes,

more preferafly i 10 Minhiesy o thereconomi ieypelt Rurher, the iradiation is preferably
carried out at a’ pressure in the ran%;of from 0.01 to 101.3 1cPa. The ultraviolet ray irradiation is

preferatifl E8iricesif urersrpRlacH-Beidikhg HifTe8pRery WHERORGGER B prelet FomaNve of
performipg, ulraviqletran dvadiation.azens isgenriatas by dhe Biravialalitaynamddhexayerophobic

groups in the filmare oxidized, thereby reducing the amount of the hydrophobic groups. Accordingly,

the oxydehTorietntraesnid frefll SRRt bMEd s B BIFBF1dss [0235] Further, in the present
inventiop,the, campesition:layardPoious maletalyiefterdeing sHbiesed tothasuliavioletrgy irradiation

may be further subjéected to a silylation treatment using a silylating agent. The sjlylation treatment can

be carrigegut B RokAEHY MEIRgEIRHEG: being pantRsipFyclotetrasiloxane, 1,3.5,7-

tetraethylcycloteterasiloxane, 1,3,5 ,7-teteraphenyleyclotetrasiloxane and

pentamefhyicyclo;ﬁentasiioxane.
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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 silyl
compounds. [0136] As explained above, in order to obtain a porous material having a low dielectric
constant and an excellent mechanical strength, it is important to form a film from a composition
containing compbneytlii retrioers powrainvskisieton; sLirfedtimtrC)rasericanIbOREE Ay fife formation
of vouds, companent Bk gl e dainskelaipnegnd lemantih) thehiedhanges the
reactivity between component and component (B), and then irradiating the film with ultraviolet rays.
In additibd, 8 fastorabibypordusmatkrahthatrexhibisrexoefentéharacteristics may also be obtained by
adding nent. the composition. [0137] <Porous Material> The porous material
accordiﬁgﬁoefhﬁ?éggéﬁﬂ%% n is prepared by the production method as explained above. The
density of the pBheusmpatetial attorgirget ihecpreseprefitvariioisaprefebaBiylires 0f3 g/cm3 to 2.0
g/cm3, lglﬁel%@i{le%%%ée( from 0.7 g/cm3 to 1.2 g/cm3, from the viewpoint of lowering the relative
dielectric constant an improving the mechanical strength at the same time. The density described
herein refers tolRexalthe dsilnbasupedibyian oodipangrhéitiosusindan XRDBHGEYRPR-In-Plane, Riga
Co.) with an X-ray source of 50.kV, 300 mA wavel 1 r ithin a scanning
range oS T T B B s B onstant and
improvimeptieeemet hpfoat g é hy thetizipdrous pratdrianscboteing feethieppresaatihifention preferably

satisfies, in_the range of a wavenumber of an i red.r ' : cm to
3300 o B B b 5t an alky
group (kereigaftebiiitsofitiecednesastipeak (1)"); (1) showning an intensity 1(11) of an absorption peak
derived i-a stretching movemen ' P ( i : ‘red;to as "peak
(mnm be#ég%bcﬁnr%%rée Tan ls%ﬁrlﬁé)smasgr?n%i%agg% %Silr@ew;lsuéity%%t%@ﬁ%%rb@%gti{gg%ge%%} derived from
the C-Hcstrgtohirigsaddehnentofian alkybbeooynsahat @1 praving isribeciecizabsarpisirpediiiderived
from anSjsH_stretchin veme i r ' r “peak (11N"), the
waven R DB e B e o 0.6 mes t
3.0 timdsydsoptutiicas vheramsorplioncpeak ireheigidhivedsrofecreo Capiisieaizhitiglovement of an
alkyl group..[0139] In the present inventi ' i cteum re to a Fourier
Tran_sfo?r%P é?%}%ggp A g%?&%%@ﬁ?é%r@#%%ﬁ%@%%@ _?_tggﬁj reggr??e%%f %%@@%%ﬁaicates the
presencelot & atytgropnydhichGs24 tidrobNEBie grodp). inivd pe g mibeeriadlingcebrdingly, the
absenc () indi r ialyi 19 ligroup is a
oty B 00 e 400 S 1011 Peak (1)

refers to:Haseak itwrived rdmbadrspiobi gitolyy, Bad ysspbeicaiilysaerrat aFoulg3800°dHR to 3800 cm*

capping of a terminal silanol group of the inorganic polymer also inhibits excessive
polymerization of the inorganic polymer in the composition, it is thought that the effects of
adding the disilyl compound also include an effect of improving the storage stability of the
composition,
[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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The. inten'sity of peak (ll) is preferably not more than 0.30 of the the intensity of peak (I), i.e., the
intensity ratio (1 (11)/1 (1)) is preferably not more than 0.30. Specifically-it is preferred that the
height of peak (I1) with respect to the baseline in the range of from 3300 cm-I to 3800 cm4 is not more
than 0.30 times as high as the height of the absorption peak derived from an alkyl group. Since the
Si-OH dywslrpriBabigriyorpa dsivettaduiosd o gy fikekp td st R RIPRERSEGIEY) #iteto, the amount of
S-OH gt PRIgs atsliaLisSIRIARD ARl A csoiial ditiaeriiaLlarly preferred no o
have peak (ll) in the'Infrared ray absorption spectrum. [0141] Peak (Il) refers to a peak derived from
an HSiO3 groups menfiaedabereamben dipeari@n)tistpreserdilg 1edBaREHPBOVERHPRIN that case, the
film Strqﬂ% rgg 5%@8%%??%5%@&%&%§%%5 @ﬁﬁ?@%ﬁg 'repreEéf{My%&m)(pf feraliyhas an

intensity of from O. 3 times as much as that of peak (1), i.e:, the ratio (1(111)/1 (1)) is
preferabiyphores 8 hyBorfuiiditenditleithkedisiibpomBaimé sas swaely S8R fhtdAsity of peak (1), the
siica skelsipnmRYARLe sl aatislkenniened, RUEl dhkerniansly isigss iian 0. tmes as
much as the Intensity of peak (1), it may be suspected that the surfactant is not completely removed
and stilfmeiafed pite rdyealgsitgVinorease in the intensity of peak (1). Meanshile, if the intensity of the
peak def fr. : [ ﬁm&ﬁ{ i icient (i.e.
the degi%efg} h?/%%gb%@ti}igatl (r?tﬂnggé g)églflri%%fﬁgi%ﬁt%}. (1)142]]9%%%31%}%%@&{ p%%g%srﬂﬁr%g%%%;? rfl’i}giording to
the presentmhadAlion may have (IV) an absorption peak derived from an Si-H stretching movement of
a H(CH%)?’Q group (hereinafter, also referred to as "peak (IV)") at the lower wavenumber-side of
peak (lI1) (for example, at a wavenumber of around 2100 cm' to 2200 cm-1) in its infrared ray
absorptRifBpeRiign—tierediaftér '’ thtensity of pedi3()V) is referred to as "I (IV)".  The intensity
ratio (I (IV)/1 (1)) 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 morefeffectivelF achityves), RTAR] SinceRrhe Rbrans RiAtexialiadgontding tortpeesresent invention as

described above exibits excellent dielecjric cons phobicity, as well as excellent
eoharEA BB 1t EEATEHAE: 0 SafoOhd oA TR o i HHAMEE: T ating f
and aniinterpidnginstlatiag:fith)and opidcal dpnstanamatertalsidr telédtronic functional materials
such as a molg%lljle recot[din medium, a tragﬂai?j@qiﬁ?nd%gé%e film,.a solid. electrolytg, an optical
waveguide an TEBIG e %’W%?I}_aﬁ?l%rpar lcular, inview of th req%wements foreari‘eiﬂterlayer
insulatingdibmenrigainsinteindtaganswating film that are formed from a semiconductor material,
including a.low dielectric constan ‘ophobicity and a high mechagical strength porous material
accordi]ﬂ%g oﬁhgpfféﬁgﬁﬁﬁ’\l@%ﬁ&% "itégs(?{dl gqé:%nri}t/ ese's rf)%gg ??rﬁosy?go\ﬁgﬁaoeiﬁ%%% ent properties
such ashaxawethigletitfia.coastantctiydréphabioitybandphdnghiiniechanibat strethytili §0¢44)eThe following
are details of exemplary methqds of producing a semiconductor device in whieh t rous material
accordi?llaxtac@t'l%fi é?@soexr%{tufen%% 61 1%’%%? zlasg1 ga}ﬁla?rﬁ'erlgﬁgr%ﬁlsi faq[(l)r%p H mggr“gjgginq%@r‘gw‘?ring insulating
film. Thepheguetion imay thencanyde: ostdremoecrdancenwithetie obtditionsifor Bikdoherprbduction
process,of a semiconductor device, [0145] First, as described /e; a porous material (porous film) is
formed %ﬁlgnﬁfr%sc%dé H?I fs%%%%?t‘.u}gc;gg%lngeﬁ%emrﬁgt agca o?%?g ﬁ%ing the porous material according
to the present iRvehtiothdtdsipvissioie dordbtairesm inddrialjemnd (&limepfilhs vsesdninterwiring insulating
film that exhibits exce entfdiﬁlectr'c co nd ohicit e §%Ig'!glﬂﬁqﬁgﬁrd{gal
strengtrcf.0 ?&%@ﬁoﬁe\ﬁf% A argrr%%%]kcgn&g%aﬂéﬁbto%é%%g%e o%lln%e ol\r%lrtél@pgr.o s film according to
known prepahaiolyjrbeess conditbng;] ahtbstthimgrstpesidyhboéthabooiaticmeidti shel pattern of the
photoregist. After the etchin baryier film co sed of titanium nitride (TiN) or tantalum nitride (TaN)
is forme%eglrﬁﬁrglggr%n@?ﬁ rﬁg%} rlé?e[ gl‘})%égvggolmr-%%ase growth technique (CVD). [0146] After forming
the barfiet3hin ofbifsepurfdoenithéporolB dilmsaebdedaly to the present invention, copper wiring is
formed thereo metal CVD _ ttering methad. of 9@.”11@!95‘?9 ¢ plaging method, in
accordance with %%%%aﬁgﬁg%%?goﬁtg%%%g%%ndﬁlét?or?s. 'IEE‘erea e;, the jlr#@%r%%t_hed by performing
CMP. Subsgqﬂénu)@,fahﬁapﬁfmntislmed onahesppratodbtheditampesicodssesilirardmask is
formed ﬁd%%ﬁ%@b&)ﬁp%‘ﬁﬁé%i%é? Reatedin.ordenio IRrm-a mulHlayer SIUGER ! ipegParing the

semiconductor device accor to the present invehtion. [0147] h the foregoing, embodiments in
which theyeomitositimyiotathie yorobierthetehialoattoedifidmonae e sskiseied éntidr 48 UsBal i
semicogggl%tt%ﬁ%g{aal, such as an interlayer insulating film or an interwiring insulating film in an
semiconductor tircuit element (semiconductor device), are explained. However, applications of the

compoditibi7anditheuppesuis neaterisicatab dirmgied, tired Sreseplenthsrtidnnsfadsot ARRiteeRIE these
appllcagﬁﬂ%n 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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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 subjected to a surface treatment
in an agqueous solution, such as waterproofing films, electric materials, catalytic materials and filter
materials. - Further, since the porous material according to the present inv.e%ogﬁxhibi s a low

relative @it e srsaad for ARG Ao SOMRIFLADO AR SRR AP TP {4841 according
to the prggent ipVRItRLHAMAGRUIBRY Ureshas aulav efipriiverindex eurace prateetion film.

The low-refractive-index surface protection film refers to a surface protection film used in applications

in whichn#fBadan sinigasireeehedarl hapieved By SHIPRESIMY S GRREY FBASRIDACAMNE Examples of
the low-feliagtives ﬁqggg&%aareﬁeggmﬁ@mmﬁg%ﬂ@ﬁqmﬁegmﬁ&n,o@ il sigrpartight-emitting

device, a hard coat film, and a polarizer protection film. The low-refractive index,as mentioned

herein refeile reratiparthe svmsid@xast 2Tomd&y iprt Ay TonPY D8 e s BaReFEREdive index
described.herein is @ value A5 smassusd Pyanridinameiheshusing:GERfnauaiahle from SOPRA

Company, with an angle of incidence being fixed at 75 and an angle of analysis at 45. Examples

[0148] | OB TEHE g St 3RS Ent aRd &RVl bd lsISERi I P BB tail with reference to the
Examples; Jt the, BiRsgal MepIgRds RoLImies darets Detaleatibe: comporgntsysed in the

Examples and the Comparative Examples are as follows. [0149] - Alkoxysilane Compound -

TetraethoxysilaRes (maiingddemnpea by wnkeRarsasastsrggtme cion 80 el tdhics
industry-grade (ORI AR e Ao COrIRONNHREPIEREREL BN SR BHIH AN at o
1,3,5,7-tetrarnethylcyclotetrasiloxane (cyclic siloxane compound manufactured by Trichemical Com.,
electroniespatinsteyef)iode; (G 3Si0E)1) 440 16 1dm Surfedeaite (CpponentpaELpfaigtvas prepared
by dissolving polyoxyethylene (20) stearyl, et nufac ' ical Co., product name:
Brij78, ot ﬁ%@?féﬁ%&ﬁ%‘&ﬁmﬁﬁrg%ﬁéﬁgllgf)‘t%n %@ﬁ%{ﬁéﬁﬁ%{ﬁ%ﬁ}%ﬁ{ gj%sj:rggting this mixture to a
metal remoyakireatnendsinthamdomexdhangemesin thmntinthetooneénttatisntisesadisd (ppb or less.
[0152] - Element (D) -. . .Cesium (Cs).in an agueous cesjum acetate sojulti nufactured by
P e TR A e R

Since the precursor material immediately after the application is in a state in which

the organic solvent or water is adsorbed in the precursor material, it is preferred fo remove the
volatile components by performing a low-temperature heat treatment.

The temperature for the low-temperature heat treatment is from 80 to 200°C,
preferably from 100 to 150°C.  When the temperature is within this range, volatile
components such as an organic solvent or water can be removed while not causing problems
such as swelling or peeling of the film. The low-temperature heat treatment may be
sufficient if it is conducted for at least 1 minute, but the curing rate may be extremely lowered
when the time exceeds a certain degree.  Therefore, in view of efficiency, the time for the
low-tempeature heat treatment is preferably from [ to 60 minutes.

The method for heating the silica sol is not particularly 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
heating 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 aimosphere, since if the heating is carried out
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[0153] - Disilyl Compound - The disilyl compound was obtained by purifying hexamethyldis oxane
(manufactured by Aldrich Co., ((CH3)3Si)20) by performing distillation. [0154] - Water - Pure water
having a resistivity value of 18 Mo or higher, subjected to a metal removal treatment. [0155] - Organic
Solvent - Ethanol (manufactured by Wako Pure Chemical Indusd.,, electronicsindustry- grade,
C2H508ring the seapgRRdEsis PiaTaRRG IS BIEK SRR CRaneanes2stHY dhetiotbstiiustry-grade,
CH3CH2CRZQH) The%‘&ﬂ%i&éﬁ%%%‘tﬁ%@éﬁ@?&&%r&%&%ﬁﬂﬁ@rgﬂ‘?E‘Pé‘?@'t@é}va'tﬁ&‘osﬁl@fériﬁn'cs
industry-grade, CH3(C2H5)C1-I0H). [0156] - Silylating Agent - )
1,3,5,7-?&%@%%@@%@2%(%@@%@5@%%%%% dugh-temraedwsnics

industryhg;gggr@ M?M@ [0157] (Preparation of Precursor Solution) 90.9 g of

tetraethoxysilane and 70.9 g of ethanol were mixed and stirred at room temperature, 80 nil. of IN

acetic aditiwhsmeevadtids Heisesntnpessihscharnaiart Hole ISEEEE GuERieEiSolution prepared
by dBSile@ﬂﬁp@a@rE@b’ OXYRIAYIENS @) yetheh o 4809 feamlwas Addadsdropwise and

mixed. Thereaftér, the mixture was stirfed at 30C for 4 hours. The obtained solution was concentrated
to 90 g &850 AN redluddqgrensiyr ey of BRHPRUARRii e ncedtbition, a solution prepared by

riins e 620008 £ AU B iy Lo a ot
irradiation to the composition layer that has been subjected to the heat treatment, in view of
forming a porous material that exhibits a low dieleciric constant and a high mechanical
strength.

After conducting extensive studies on the effects of ultraviolet ray irradiation, it was
surprisingly found out that the relative dielectric constant can be further lowered and the
mechanical strength can be further improved when irradiation is performed with ultraviolet
rays within a specific range.

Specifically, when irradiation is conducted wtih ultraviolet rays within a specific
range, in the composition layer, either one of the two functional groups bound to the
difunctional silicon atom (Si) in component (B) (i.e., either one of R* and R® in Formula (1))
becomes free from Si prior to the other functional group. At this time, as mentioned above,
the hydrophobic group bound to the difunctional Si is relatively less likely to be free,
Therefore, for example, when either one of R” and R” is a hydrogen atom and the otheris a
hydrophobic group, the hydrogen atom preferentially becomes free from Si while the
hydrophobic group remains at Si.

Further,.it was found out that the site at which the functional group of S1 had been
eliminated was brought info reaction with a silanol group present on the skeleton of the
composition layer, whereby the hydrophilic silano! group was removed from the skeleton of
the composition layer.

Moreover, as long as the composition layer is irradiated with uvitraviolet 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 biﬁding 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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The relative dielectric constant of the porous films prepared in the Examples and the Comparative

- Examples was measured by an ordinary method under an atmosphere of 25C 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 1.0x10-8A/cm2 or greater, it is not possible to measure a precise
value oficetative tielestricydonstabicktas aks imstielting filthdogly Sehidondut pr02EYEMeasurement
of Mechepiag) Sengiz.rne-aasimoduiis gt the.perons i prepared in the Examples and the
Comparative EXamples was meaSLﬁ‘e(ﬁngy an ordinary method using a nanoindentater (Hysitron,

TriboSdope)] aPmfidapthcofidiientatiothohiyi0detless twithnrespactndettie GhtaithibkaE8s£{0160]

<Evaluation.pf Storage Stabilit o{ %}o pasition> The compositions prepared in the Examples and
the Cor?]?osé:%%f:\fisep Erfégrsnp étgnv%he¥%c & etgﬂlg%grg attsom temperature for 50 days. Thereafter, 10 g of

each composititsr wasplacd wascdynigthefandvdtfiwalic fittes (refufzistiied by ABYANTEC,
DISMIC.L3 JP, patesic. 0 20mitt daeler, 13 MmOl aashasa g tp.of the syinge The
storage Stablity Of the composition was evaluated by allowirg the compositionin the syringe to pass
throughuttreittiatiapsfiiter. encrgyGitmd & Aulfasaiverstpataiccbmpositiortigacwo uld Bersoepletely filtered

without increasing the filtration pressure to. higher.than.0.10 MPa; r%ﬁﬁ;&%ﬁﬁq%’%‘%%?
compoéﬁbﬁ?ﬁhﬂ%&gﬁﬁ%ﬁ:ﬁhplttefhte?yl?%g?let %e?/%fﬁr%%odaw?ﬁé l%ﬁ%g%on pressure_w%sl increased to 0.10
MPa orshigihsipand giads & abasogiven te thie: com positighthtitcfailedsitylod eorplarsseiitéted due to
the increase in the pressure. [0161] <Measurerment of FT:IR. Spec oL Rora SElm>, 50 The
FT-1R ﬁﬁ)eesc%‘)ﬁtr%r gfﬁlﬁleerlIJ rgn%%arr}]]mlln faréd AbslgFB Jor ggelﬁ %ﬁ%&%ﬁﬁe S(_)r'qgs fﬂms p(r)epared in the
Examphedisoc thedCopnglaratiyeiExamipl 69 wak/measudasn the iflvesite ssuidmahisoRATelR spectrum

was conducted by an ordinar th sing an FI-IR device (DIGILAB, DIGIL ABExcalibur) while
ajusting?l}ﬁéngﬁlpsﬁ%r’tsaOg?nogﬁégft)‘%fo ir%:‘i:{d?gnsg %&%ﬂ(%%ré%gt%r}%%%%oﬁﬁs%mﬁh 'resggit to the optical
path. the Kiirthessdhe oneastere iaamt tofsEfatRespebtretiona goapieth catincagaings. shovakénumber of

from 18(9(%ecmgla%% %A;/ (())qﬁggn}éé(})&gg. <|é)/%q%g%% Qg@r& }g)ér i%%%f{%m Density of Porous Film>- The

leak cuffent dens ous fitms prepared In‘the Examples and the Comparative Examples was
measurgd34] THheleskcuedot tendityvislstngasuddtinn anpoedinerly frethdd st E-mercury probe

oo o LB e A Aasphes o 25C and g cUE PRy 54505 i @ scaming
irradiation is preferably carried out at high temperature, since the reaction rate can be
increased in terms of separation of the functional group from the silicon atom, and the
reaction between the site from which the functional group is separated and the silanol.  The
time for the ultraviolet ray irradiation is not particularly limited, but is preferably carried out
within 20 minutes, more preferably within 10 minutes, from the economic viewpoint.

Further, the irradiation is preferably carried out at a pressure in the range of from (.01 to
101.3kPa. The ultraviolet ray irradiation is preferably carried out under a non-oxidizing
atmosphere. When oxygen is present at the time of performing ultraviolet ray irradiation,
ozone is generated by the ultraviolet rays and the hydrophobic groups in the 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 silyl compounds.

[0136] As explained above, in order to obtain a porous material having a low dielectric
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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 Examples was
measuregnstaniling siensiyl wasmaaestceldsbyrath ordin anporethod dsimg drinX REroevice (Rigalcu Co.,

TPR-In-Plane) under the condition of an Xzray source of 50 k 0.mA gth of 1.5418
angstrorﬁ%% ﬁﬁ%‘r?%?@&ﬂﬂiﬁ% FARGS"S Frgéﬂ @%E) Eilg?s[ﬁf%ﬁﬂ%(baﬁr%%?ésff %&%ﬁg@%ﬁlﬁof Composition
for FormingtRares soflanormadmaduet:s sohimmedf (@ dmhmitrfitewdsaddeditol 800; gt the
precursor, solution. until the Cs cgncentration.was 15 ppm. The 7 g,0f

5.7 L) RIS o AUt R B TR S e Lt pmpent (B bt
obtaining-adiatingabitifihforiformingialgarus filmaddithis, tinfey dheblrdwdition aateunkt b1,3,5,7-

tet thylcyclotetrasil 10 1% with t to tetraeth il tability of
the oblaT Ao AGELTA & SR 18 TABIAE 1 00T sk R B WETBL ) S R0 o of e

compositiafgedifieinting a porous film was applied to a surface of a silicon wafer by dropping the
compos;’g)o}rcl3 ,gn L e wafwnd gtating the same at 2000 rpm for 60 seconds. Threafter, the wafer was
subject heat treathisittinder a nitrogen atmosphere at 150C for 1 minute, and subsequently at
350C for 10 minTiiegokhe resutiahtwasiheatethtp350€ inechamberequippedheitalddmm excimer
lamp, and irradiated with yltraviolet rays for 10 minutes at a pressure of 1 Pa with an output of 14
mW/cmér,lfﬁécf Bi/eéggﬁ?gga Oﬁgrous film (porous silica film). The density of the obtained porous film
was 0.887 g/cmBhe denFiheoiatiperdislecitit sonstant kgandiihgelastiinmodoius Brefethblpbtained

porous film are _shown in.Table 1, the FT-IR spectrum is.shown in Fig. 1, and the .current density
IS showr#’i?ﬁipg? §{cfgsﬁoe%t£§kﬂ0{%(§]el%l ?E%rﬁ@f{ I%ngagcﬁ%?%n%h%)vghgi ﬁ} E% ; r,o'fﬂet eor};éé)ér&togﬁgxis
indicates fhiewaeastireckiaave ditieid Waventmb emiomvi))g ncrtieebongiiudiesd thods tndkentes the
absorpti%n intensity (Absorbance (A.U.)) (A.U. referst to an arbitrary unit). Hereinafter, the same

applies to the FT-IR spectrum as mentioned below.
The density described herein refers to a value as measured by an ordinary method

using an XRD-device (TPR-In-Plane, Rigaku Co.) with an X-ray source of 50 kV, 300 mA, at
a W.avelength of 1.5418 angstroms, within a scanning range of 0 to 1.5°.
[0138] Furthet, from the viewpoint of lowering the relative dielectric constant and improving
the ﬁechamcal strength, the porous material according to the present invention preferably
satisfies, in the range of a wavenumber of an infrared ray absorption spectrum of from 1800
cmto 4800 cm™, (I) having one clear absorption peak derived from a C-H stretching
movement of an alkyl group (hereinafter, also referred to as “peak (1)”); (1) showning an
intensity I (II) of an absorption peak derived from an Si-g stretching movement of an SiOH
group (hereinafter, also referred to as “peak (II)”) being not more than 0.30 times as much as
the intensity 1 (I) of the absorption peak derived from the C-H stretching movement of an
alkyl group; and (III) having one clear absorption peak derived from an Si-H stretching
movement of an HSiO; group (hereinafter, also referred to as “peak (11I)”), the wavenumber
thereof being less than 2300 cm™’ and the intensity 1 (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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As shown in Fig. 1, the FT-IR spectrum of the porous film had an absorption peak derived from an Si-9
stretching movement of an SiOH group at around 3600 cm- to 3800 -t cm (peak (H), intensity 1(11));
an absorption peak derived from a C-H stretching movement of an alkyl group (peak (1), intensity | (1))
at around 2900 cm-I to 3100 cm-I; and an -absorption peak derived from an Si-H stretching movement
of an HBW@Syroapvayerambdr2200oont LAHR3A0 ¢endll Ak (111), intensity | (I11)). The intensity ratio (I

(01 (0) 0 BEARN. UG, O A4 SHOMIEPDIS, YIS HEIET iR sgectum of the

porous orption p erived from an Si-H stretching movement of a H(CH3)Si02 group
at arounch2dHB&N-drtd m@@O@rnm'(at the lower wavenumber-side of peak (1)) (peak (IV), intensity |
[

(V). Howeyer, as showp in 1, thed ity 0 V, r intensity
ratio (1 (IV)/1 (1l ev@%%‘&%%?fé’fégﬂ? ﬁé}%g%%enﬁ%ﬁtzélr?%ﬁgég% icat?(}a% ?ﬂ%ﬁ%ﬁ?gﬁ%ﬁiiw J
(Alcm2)Ppnd. fhieclongitiginai axi Hdicaes HMMMM aistmbrgidarhith(1/(1-F))). In Fig. 2, the leak
1244l 20RI0ts AN Sllaen e e, iR ol bos same nelige 9 he

current densitiess gn%?cs#
measurement FESUItS Of the peak current density escribed later. As shown in Fig. 2, the leak

current densityewdsan GAA01OKLEY IRVEmE aisdpuintseditothe Gome asbighnsibpbrightipfdicating that
the Iealihcur ent density was sufficiently | %;d hat the distribution thereof in the film surface was
favorable’ féf%%ﬂq@x %/na‘lf)leeg]veg i mp%é}éa)llj\%@ |8£l}?ilm was formed in the same manner as in Example
1, except that tReamibelAi-6FH 887 ircbightethyiticiotedrpsiiodardyiias giandehcraiarg in the
preparation of.the,compasition for fo i_l’@lfl orous fiI[ - AL Qliﬁs .EQS%HIFS g{@&lg& maunt of 1,3,5,7-
tetrame%%/[r%%}léf:oste Fhs| 0?(%%%%8%%%?%posfﬁgﬁpvsvé% % ‘%o{)% VI\%th r_lespe tto tetr%laethpxysilane. The
density Af¢thaiotyiained parsud dilmnprefsrt:870tdichale peakFlintie thera fratadveydibieattietonstant k and
the eIasStic rtnrgdulus E of the obtained porous silica cilm are shown in Table 1, the FT-IR spectrum is
shown iIPT:ch. 51 and the leak current density is shown in Fig. 4, respectively. [0169] As shown in Fig.

3, the FIDHR $pBetkuii D therpore psaidiehiaedpeerksag HE 1Py gresivith Example 1, but intensity | (11) was
smaller than that of Examlpnll% elr (;I;JS%%AQﬁﬁiif%&%ﬁréhgy){&g)&&pgwd'Hlte.nsiE(ﬁ@atigggé’%é)ll () are
rati

shown in Table .eﬂgg? e Intensity ratio was 0.15. Further, as shown in Fig. 4, the
leak curfiéntstrengityofids: praouns haxigd-BAlcthe ondessseat 9 points out of the 9 measurement points,

indicating that tpgnl.ﬁ&‘l,(é:eu r?ﬁ&g&%ﬁ%ﬁ’@ﬁﬁ%ﬂ?ﬁ%ﬁ%t@% from 0.5 times to 3 times as much as

that of peak (I}, i.e., the ratio (I (II1)/1 (1)) is preferably from 0.5 to 3. If the intensity is less
than 0.5 times as much as the intensity of peak (1), the silica skeleton may not be sufficiently
strengthened.  Further, if the intensity is less than 0.5 times as much as the intensity of peak
(D), it may be suspected that the surfactant is not completely removed and still remains,
thereby causing increase in the intensity of peak (I). Meanshile, if the intensity of the peak
derived from a HSiO4 group is too large, the number of the alkyl groups may be insufficient
(i.e. the degree of hydrophobization 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)810; group
(hereinafter, also referred fo as “peak (IV)”) at the lower wavenumber-side of peak (IIT) (for
example, at a wavenumber of around 2100 em™ to 2200 cm™) in its infrared ray absorption
spectrum. Hereinafter, the intensity of peak (IV) is referred to as “I (IV)”.

The intensity ratio ([ (TV)/1 (IID)) 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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[0170] [Example 3] A porous silica film was foned 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
mollYo with respect to tetraethoxysilane. The density of the obtained porous film was 0.883 g/cm3.
Furtherathieseteitiing dietdaing fibnsadidptienl fhecttasiionicdalusrelartremiginmionmdle 1, the FT-1R

spectru 5. shounin Fid. & AN (e Jeak GHIALISSIGS SROUAIREGe GuipSpeptively.
i 0 § e composition for forming a porous film,

Subsedquently, in order to evaluate the stdrage stability of t r rmi
the conpesitdyiavasstoraduinvagefigerdortermparatirér3EYDandranpsiculstiim Vi $dihfed using the
composition after the storage, The.relati j ic.co k of the, obtained paroys film was
measured. mmﬁflgt? g)fsag lélggréﬁgﬁloﬁ\?vﬁ%%{ﬁ%ed@ﬁa%t}l{oﬁﬁf%%%?\%egnl tEue stogage days (storage time (d))
of the cémpesifiom fosdipiromipectporaus Blrinahdin gl e cielasse ibastasnbitorihabigihie relative
dielectric gonstant k of the porous.film formed by usi po&lg Az Shawngn Fig. 7, the
relative aé]lél?éqclfﬁc Icl:lgﬁ?é an SP? )B? %6%% S %?g(gnﬂaé#r%%gf%eﬁregﬁge?y a 1reg'%lrtilng_ the stgrage (storage
time (d)juitebée dootind<2iiilicEheseiresists shitvexhalithicpvapapusitoehfor foleminteteporous film

maintained a stable state with less yvariation,with n o the storage time. [0171] As shown in Fig.
5, the Fﬁq?ﬁ%énpt)’eﬁl ru(r)ﬁ%c%% ngp%l}%ﬁlé }ﬁmrﬁ%ccl? apnel(é lig%%%%ﬂ%w) as with Example 1, but intensity | (11)
was smilletthdthetatlof Egampletdil Theionsity ratibqd{10f gh)dantthe Sereneigucgioderica 1)/ (1)) are
shown in Table 1. Also. the intensity ratio (L (1V)/l (1] A6, o er,.as shawn in Fig. 6, the
leak curl}nie‘rﬁfztim e%n%ﬁf %3%85?8%%1&1 f%ﬁél ééngl)ea %%)Sm?ls%%%%} %ﬁgsgdrjn%qasulrem&% points, indicating
that theitsaletogréht density wasvsutfigiomialov. 017 2] [Exprepletain maybpeasusisii¢arfim was
formed I the same MAnner A8 0 LIBMPIG Ly SXESRING isfﬂgc%&d% NaMeUREQhor device.

1,3,5,7-?e rame y‘f%yclote%rasfloxane was changed from 1.7 gto 0.8 g, and 1.7 g of
hexamédthiddisilorane deseibarthbreddabintheprephiationefihe composition fouréunintia porous
film At this time, t dditio - lcyclotetrasiloxare andy, ¢
hexameg é%ilogﬁgrﬁgnfﬁéa %?n%%%g&gfv ét%cé%’%@ a%gxlg mo{%, respegtivgly, wﬁﬁrreesgﬁect to
tetraethowysitameit is poTfiblretativeidietettiic comstantakian e elastivanpdug ssubtite@btained

f"s";ﬂ‘;ﬁvﬁﬁ% a:g%ggt,sorge%’cgzggec%@ag@;&ﬁ@%(!:nTs't&% SRAGVUD RN A0 Fig & ARihadaalryrent density

strength. Subseguently, a hard mask and a photoresist are formed on the porous film
according to known preparation process conditions, and etching is performed in accordance
with the pattern of the photoresist.  Afier the etching, a barrier film composed of titanium
nitride (TiN) or tantalum nitride (TaN) is formed on the iﬁorous film surface by a vapor-phase
growth technique (CVD).
[0146] After forming the barrier film on the surface of the porous film according to the
present invention, copper wiring is formed thereon by a metal CVD method, a sputtering
method or an electrolytic plating method, in accordance with known preparation process
conditions. Thereafter, the film is smoothed by performing CMP.  Subsequently, a cap film
is 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] In the 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 afe not imited 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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[0173] As shown in Fig. 8, the FT-IR spectrum of the porous film had peaks (I) to (IV) as with Example
I. The intensity ratio (1 WO (1)} and the intensity ratio (I (111)11 (1)) are shown in Table 1. Also, the

" intensity ratio (I (IV)/". (111)) was 0J8. Further, as shown in Fig. 9, the leak current density was
around 1.0x10-9A/cm2 at 9 points out of the 9 measurement points, indicating that the leak current
density whrsedficierstiyfionirfotra}|Examnagecsts solutios raduas filiobiaied RlEsaHasiEd was

heated ItQa eSHOa%, %qugﬁg%gé Egg%% é%%%gtdr@siloxane was introduced thereto in an amount of 1
eo k t% t

g/minute at a pressu Pa, and the resultant was subjected to a silylation treatment for 90
minutes. TRerteintiredibteptricnsonatenin lecnedding sldbierasa sy SiamisalobiainéeMorous film
are shown in Tab the FT-IR. t [ in.Ei , a ity,iS shown in
Fig. 11,rﬁg§1pvgc |\?§§/%i%§]€£ g éi%%n%%i%ﬁ?&ﬁﬁg{}é% é%ec%%%ﬁ%ﬁ p ngéé:ﬁﬁé%%l peaks (1)
to (IV) aswittirExarielerdscihmirtsisityeatioe Uil Dpethas théolteaisigiivatiodey svaljae(1)) are shown
in Table rot 'Cﬁg, sfﬂown in Fig. 10, the intensity of peak (IV) was greater than those of Examples | to 4.
The inté)nsfy ratio (In(IV)/I (1)) was 0.32. Further, as shown in Fig. 11, the leak current density
was around 1.0Ri0k8vtoefrOx - Adem2 fat 8 [poiatsiowfidhtfQsireasuriereproptines, #Hdicating that

o%?év%ig%%ﬁﬁgp\pé@%%rg{]gq(jg the same

the leak current density was low. 176645%)(%{%9'&@ ds 16
manneruggc%ﬁnlfggrﬁgle S,lngggbctht[tr?éett. nélo tetrarﬁeSthg)/Idlé;ﬂ{-1 ane were further added in the

preparatidieadicthe composition for forming a porous film. At this time, the addition amount of

tetramethyidisigyane I {hr, composiion Wasdd molls Wil eesReckn iRFRRyRlane.  The

relative dielectric constan elastic modulus E e obtained porous film are shown in Table
1, the FEARSpe i Eishowa igkigmitinenitiice |edieclamtdensiyg srshoiinFiee s,
respectif\llﬁgly. [0177] As shown in Fig. 12, the FT-IR spectrum of the porous film had a similar
absorption peak to that of Example I. It also had an absorption peak derived from an Si-H stretching
‘movement of afitd (OHB)BiGE (roufepeakaitiynitdesiin r¢fory yae setapdve iodesmidZbor-less

(preferably from 1.25 to 1.18).  The refractive index described herein is a value as measured

by an ordinary method using GES 5, available from SOPRA Company, with an angle of

incidence being fixed at 75° and an angle of analysis at 45°.

Examples ‘

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 components
used in the Examples and the Comparative Examples are as follows.

[0149] - Alkoxysilane Compound -

Tetracthoxysilane (manufactured by YAMANAKA Semiconductors Co., Ltd.,
electronics industry-grade, Si{OC:Hs)a).

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

Trichemical Com., electronics industry-grade, (CH3Si(H)O)a4).

[0151] - Surfactant (C) -

The surfactant was prepared by dissolving polyoxyethylene (20) stearyl ether
(manufactured by Sigma Chemical Co., product name: Br1j78, CigH37(CH2CH20)200H) in
ethano] for electronics industry, and subjecting this mixture to a metal removai treatment
using an ion-exchange resin, until the concentration became 10 ppb or less.

[0152] - Element (D) -
Cesium (Cs) in an aqueous cesium acetate sofution (manufactured by Wako Pure

Chemical Industries, Ltd., special grade, CsNO3).
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cml (at the lower wavenumber-side of peak (lll)). Also, as shown in Fig. 11, the intensity of peak
(IV) was greater than that of Examples 1 to 4. The intensity ratio (I (IV)/I (Ill)) was 0.32. 38 The
intensity ratio (I (11)/I (1)) and the intensity ratio (I (111)/1 (1)) are shown in Table Further, as shown
in Fig. 13, the leak current density was around 1.0x10-9 A/cm2 at 9 points out of the 9 measurement
points, idtidating i henpaknslirrent density was low. [0178] [Comparative Example 1] A porous

sica fim was fauleg Y5118 WANRL AR EXAAIR 4 oEXERRL IR G concentraton was

changed from 15 ppm m in the preparati ompositioh for forming a porous film.

The relativsudietectdib cahdtahtloardCiHe Slastic bygurrlosoEngf divilbistained porous film are shown in

Table ]{Iotlk%%]l:'l:-\klﬁﬁt%pgctrum is shown in Fig. 14, and the leak current density is shown in Fig. 15,

respective was not possible to conduct a precise measurement of the relative d ectric
constant k duePtor¢iventrigheienag corsstivdgnsitg af Hedtuibedimons g t7ef As shsiah in Fig. 14, the
FT-IR srge%t\r/umrgf%genporous film had a similar absorption peak to that of Example 1, but intensity | (11)
was grearf]er fhan Etlf‘laefk of Examples 1 to 6. The intensity ratio (1 (11)/I (1)), the intensity ratio (1(1121)/I
(1)), an@tres porOsitynaf Brdvpotreus film are shown in Table 1. Further, as shown in Fig. 15, the leak

current densitys DOHERHNAND OB AR HSLROITIRAN AL meamEmEt ol

indicating that the leak current density was higher than that orf Examples 1 to 6. [0180] [Comparative
Exampieadk, C.HAQ@dyous silica film was formed in the same manner as in Example 1, except that the

addition amount of 1 7:tetramethylcvclotetrasilox W anged KO0 79519 in the
preparation of ?h%r%ﬁ??ggl % or: g?r%ﬁ%eg é rlgﬁ%?ﬁlg?}%m}%%i%é as%t'fcémodu Us E and the FT-IR
spectrugredé, HeHhbidpat@okous film are shown in Table 1 and Fig. 16, respectively. The insulating

property of the-obtained i Was RSk A9 WARSPHRRRERIEI0 Measin R laakigent density and
the relative dleprec Ic constantltv .

grade, CH;(C,Hs)CHOH).

[0156] - Silylating Agent -

1,3,5,7-tetramethylcyclotetrasiloxane (manufactured by Trichemical Co., Ltd.,
electronics industry-grade, (CH5SI(H)O)).
[0157} (Preparation of Precursor Solu;cion)

90.9 g of tetracthoxysilane and 70.9 g of ethanol were mixed and stirred at room
temperature, 80 mL of IN acetic acid was then added thereto, and stirred at 50°C for 1 hour.
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 dielectric 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 1s 1.0% 10® Ajem? or greater, it is
not possible to measure a precise value of relative dielectric constant k as an insulating film
for a semiconductor.

[0139] <Measurement of Mechanical Strength>
The elastic modutus of the porous films prepared in the Examples and the
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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 (I1)) in the film was too large, as shown from the
FT-IR spectrum in Fig. 16. The intensity ratio (I (11)/I (1)) and the intensity ratio (I (111)/1(1)) are )
shownTable 1. [0181] [Comparative Example 3] A porous silica film was formed in the same manner

as in Examplerdtj exEepniiiet the nacdition Wmﬁ@mﬁﬁémymﬂm@oxam was
change{1am 1,7140.0.0,8n6,2.38.0. 00 hExAMA sRuans. s bt aqded dhe preparation o
position s film. At thi

the co . *for forming’a poro s time, the addition amount of hexamethyldisiloxane in
the contipokitiess. was 20 mol% with respect to tetraethoxysilane. The elastic modulus E, the FT-IR

: spectruml%la tQEJ?ﬁllétfo%r%%tgl%neSi@fagglt qu&gm%gsﬂ%ggs fi_Im are shown in Table 1, Fig_. 17 and
Fig. 18, respectively. "It was not possible to conduct a precise measurement of the relative
dielectric constéiht kpopesitsherhighriebin turrEntiphsinndshedSenipethetovr jopB2]wesedhBwn in Fig.
17, the FT-1R,spectrum of the porous fikm had.a similar absorpH mple 1, but
intensit;t/OIS&?LSi Vaggg r|Igl; er rﬁﬁﬁroiofé{(%rsﬁplgl %%%ITEée%ngtg%s‘%@%r%%g%q%)%%?nd fkﬁe intensity
ratio (1¢hEyritPearadhdlraiiod dbte (manfiacheeddsyshoWAWEQG, PESMEIdak Buprensdensity was
not less than 1 Qx10-7 A/cm2 at 8 points out of the. 9 measurement points, {xdicating that the leak
currents%lgﬁﬁﬂf}’%?iﬁ%%?t%a]h tﬁgﬁ%%f“éaf’a#% fggftgot% {pvfaie;t%o%yﬁ%’ %blei%%r%%éa re the leak

current dgisity of Daemeasiiementalnki{d 1833 [Ceinpahativenpbasinplemi{ha porogstsibess film was
formed t'k%the sahm anneF[ as in Example |, except that the addition amount of
1,3,5, 7 {50RRH é@%‘i’@t Yfoxane was changed from 1.7 g to 0.8 g, 1.7 g of hexamethyldisiloxane

were added, an@rikde £ gopicent@tiercuasshiangddframd bopanupde@hpiitcrrdheifeparation of the

composition for forming a.porous 1flilm t1it ise ti@a% e 5\91 iti_ona%r(p unts o{ven to.the
1,3,5,7-%%%%%&?8}}%%?355§ﬁ8§§aﬁ%t%n0g e&'émeg:ypdb Sxahe mgfhe cgmposmon were 5 mol% and
15 mol%wrespadiively; vwilhdrespeeptottbiritthekysitaribough thhélelastic produtasves the FT-IR
e RS To MEE! REREARS BERNANRIRAP S A AR SR ARG o B9 19 2nd
completely filtered due to the increase in the pressure.
[0161] <Measurement of FT-IR Spectrum of Porous Film>
Tﬁe FT-IR spectrum (Fourier Transform Infrared Absorption Spectrum) of the porous
films prepared in the Examples and the Comparative Examples was measured.
The measurement of FT-IR spectrum was conducted by an ordinary method using an
FT-IR device (DIGILAB, DIGILAB Excalibur) while ajusting the support at an angle of
incidence of 72° (Brewster angle of Si) with respect to the optical path.
Further, the measurement of FT-IR spectrum was carried out in a range of
wavenumber of from 1800 em™ to 4800 cm™.
[01627 <Measurement of Leak Current Density of Porous Film>
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 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 insulation property of the obtained film was poor, and it was not possible to measure the teak
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 thExEmpRspesmaasimcRig. 20. The intensity ratio (I (11)/1 (1)) and the intensity ratio (I (111)/1 (1)) are

shown in TablerhéigeQM}J R Efeggﬁ'éc?gyglGr’ldfrréljylrﬁﬁldc?&%écén XRD device (Rigaku Co.,
TPR-In-Plane) under the condition of an X-ray source of 50 kV, 300 mA, at a wavelength of
1.5418 angstroms, within a scanning range of from 0 to 1.5°.
[0164] [Example 1]

(Preparation of Composition for Forming Porous Film)

An agueous solution of cesium nitrate was added to 300 g of the precursor solution
until the Cs concentration was 15 ppm. Then, 1.7 g of 1,3,5,7-tetramethylcyclotetrasiloxane
were added thereto and stirred at 25°C for 1 hour, thereby obtaining a composition for
forming a porous film. At this time, the addition amount of 1,3,5,7-
tetramethylcyclotetrasiloxane was 10 mol% with respect to tetracthoxysilane.

The storage stability of the obtained composition is shown in Table 1.

[0165] (Formation of Porous Film)

1.0 mL of the composition for forming a porous film was applied fo a surface of a
silicon wafer by dropping the composition on the wafer and rotating the same at 2000 rpm for
60 seconds. Threafter, the wafer was subjected to a heat treatment under a nitrogen
atmosphere at 150°C for [ minute, and subsequently at 350°C for 10 minutes. The resultant
was heated to 350°C in a chamber equipped with a 172-nm excimer lamp, and irradiated with
ultraviolet rays for 10 minutes at a pressure of 1 Pa with an output of 14 mW/cm?, thereby
obtaining a porous film (porous stlica film).

The density of the obtained porous film was 0.887 g/ecm’.

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. I, 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). Hercinafier, the same
applies to the FT-IR spectrum as mentioned beiow.

As shown in Fig. 1, the FT-IR spectrum of the porous film had an absorption peak
derived from an Si-B stretching movement of an SiOH group at around 3600 em™ to 3800
et (peak (II), intensity I (II)); an absorption peak derived from a C-H stretching movement
of an alkyl group (peak (1), intensity I (I)) at around 2900 em™ to 3100 cm™'; and an
absorption peak derived from an Si-H stretching movement of an HS10; group at around 2200
em™ to 2300 em™ {(peak (III), intensity I (111)).

The intensity ratio (I (I1)/1 (I)) and the intensity ratio (I (IIL}/1 (I)} are shown in Table
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Further, the FT-IR spectrum of the porous film had an absorption peak derived from
an Si-H stretching movement of a H(CH3)S10; group at around 2100 em”! t0 2200 cm™ (at the
lower wavenumber-side of peak (I1I)) (peak (IV), intensity I (IV)).

However, as shown in Fig. 1, the intensity of peak (IV) was extremely weak. The
intensity ratio (I (IV)/I (II)) was 0.12.

[01671 InFig. 2, the horizontal axis indicates a leak current density J (A/cmz), and the
longitudinal axis indicates a Weibull distribution (In(In(1/(1-F))). In Fig. 2, the leak current
densities measured at 9 points in the silicon wafer are plotted. The same applies to the
measurement results of the peak current density as described later.

As shown in Fig. 2, the leak current density was around 1.0x10”° A/em? at 9 points
out of the 9 measurement points, indicating that the leak current density was sufficiently low
and that the distribution thereof in the film surface was favorable.

{0168] [Example 2]

A porous silica film was formed in the same manner as in Example 1, except that the
amount of 1,3,5,7-tetramethylcyclotetrasiloxane was changed to 3.4 g in the preparation of the
composition for forming a porous film. At this time, the addition amount of 1,3,5,7-
tetramethylcyclotetrasiloxane in the composition was 20 mol% with respect to
tetracthoxysilane.

The density of the obtained porous film was 0.879 g/ cm’.

Further, the relative dielectric constant k and the elastic modulus E of the obtained
porous silica cilm are 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] Asshown in Fig. 3, the FI-IR spectrum of the porous film had peaks (I) to (IV) as
with Example 1, but intensity I (I} was smaller than that of Example 1. The intensity ratio
(1 (ID/1 (D)) and the intensity ratio (I (IIIVI (I)) are shown in Table 1.

Also, the intensity ratio (I (IV)/1 (1lI)) was 0.15.

Further, as shown in Fig. 4, the leak current density was around 1.0% 10 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 tetrathoxysilane.
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The density of the obtained porous film was :883 g/cmB.

Further, the relative dielectric constant k and the elastic modulus E are shown in
Table 1, the FI-IR spectrum is shown in Fig. 5, and the leak current density is shown in Fig. 6,
respectively.

Subsequently, in order to evaluate the storage stability of the composition for forming
a porous ﬁl;:n., the composition was stored in a refrigerator (temperature: 5°C), and a porous
film was formed using the composition after the storage. The relative dielectric constant k
of the obtained porous film was measured.

Fig. 7 is 2 graph showing the relationship between the storage days (storage time {(d))
of the composition for forming a porous film under the above-described conditions and the
relative dielectric constant k of the porous film formed by using the composition.

As shown in Fig. 7, the relative dielectric constants (k) in 36 days from a time
immediately after starting the storage (storage time (d)) were around 2.10.  These results
show that the composition for forming a porous film maintained a stable state with less
variation with respect to the storage time. |
[0171] As shown in Fig. 5, 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
(L (ID)/I (I)) and the intensity ratio (I (IID/T (D)) are shown in Table 1.

Also, the intensity ratio (I (IVY/1 (III)) was 0.16.

Further, as shown in Fig. 6, the leak current density was around 1.0x 107 Alem® at 9
points out of the 9 measurement points, indicating that the leak current density was
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 gt0 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-
tetramethyleyclotetrasifoxane and hexamethyldisiloxane in the composition were 5 mol% and
15 mol%, respectively, with respect to tetraethoxysilane.

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] As shown in Fig. 8, the FT-IR spectrum of the porous film had peaks (I} to (IV) as
with Exampie 1. The intensity ratio (I (I)/1 (I)) and the intensity ratio (I (LLI)/T (1)) are
shown in Table 1.
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Also, the intensity ratio (1 (IV)/I (11II)) was 0.18.

Further, as shown in Fig. 9, the leak current density was around 1.0x% 107 AJem? at 9
points out of the 9 measurement points, indicating that the leak current density was
sufficiently low.

[0174] [Example 5]

The porous film obtained in Example 4 was heated to 350°C, and 1,3,5,7-
tetramethylcyclotetrasiloxane was introduced thereto in an amount of 1 g/minute at a pressure
of 30 kPa, and the resultant was subjected to a silylation treatment for 90 minutes.

The relative dielectric constant k and the elastic modulus E of the obtained porous
fitm are shown in Table 1, the FT=IR spectrum is shown in Fig. 10, and the leak current
density is shown in Fig. 11, respectively.

[0175] As shown in Fig. 10, the FT-IR spectrum of the porous film had peaks (I) to (IV) as
with Example 1. '

The intensity ratio (I (IT)/1 (I)) and the intensity ratio (I (III)/I (I}) are shown in Table

As shown in Fig. 10, the intensity of peak (IV) was greater than those of Examples 1
to 4. The intensity ratio (1 (IV)/1 (1)) was 0.32.

Further, as shown in Fig. 11, the leak current density was around 1.0% 10 to 1.0x107
Alem” at 8 points out of the 9 measurement points, indicating that the leak current density was
iow.
[0176] [Example 6]

A porous silica film was formed in the same manner as in Exampie 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 tetraethoxysilane.

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. 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(CH3)SiO, group (peak (IV), intensity I (IV))) at around 2100 em” to 2200
cm™' (at the lower wavenumber-side of peak (II1)).

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

The mtensity ratio (I (IV)/1 (1I}) was 0.32.
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The intensity ratio (I (I)/I (I)) and the intensity ratio (I (IIL)/I (I)) are shown in Table

Further, as shown in Fig. 13, the leak current density was around 1.0x 107 Alom® at 9
points out of the 9 measurement points, indicating that the leak current density was low.
[0178] [Comparative Example 1}

A porous silica film was formed in the same manner as in Example 1, except that the
Cs concentration was changed from 15 ppm to O ppm in the preparation of the composition
for forming a porous film.

The relative dielectric constant k and the elastic modulus E of the obtained porous

film are shown in Table 1, the FI-IR spectrum is shown in Fig. 14, and the leak current
density is shown in Fig. 15, respectively.

It was not possible to conduct a precise measurement of the relative dielectric

constant k due to the high leak current density, as described below.
[0179] As shown in Fig. 14, the FI-IR spectrum of the porous film had a similar absorption
peak to that of Example 1, but intensity I (II) was greater than that of Examples 1 to 6. The
intensity ratio (I (INVL.(D)), the intensity ratio (I (IL)/I (I)), and the porosity of the porous film
are shown in Table 1. '

Further, as shown in Fig. 15, the leak current density was not less than 1.0 107
Adem® at 9 pointé out of the 9 measurement points, indicating that the leak current density was
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 changed from 1.7 g to 0 g in the
preparation of the compositio for forming a porous film.

The elastic modutus 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 Jeak current density and the relative
dielectric constant k was not possible is thought to be that the SiOH peak (peak (1)) in the
film was too large, as shown from the FT-IR spectrum in Fig. 16.

The intensity ratio (I (I[)/I (1)) and the intensity ratio (I (I11)/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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addition amount of 1,3,S,7—tetramethy1cyclotetrasﬂé)xane was changed from 1.7 g to 0 g and
2.36 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 20 mol% with respect to tetraethoxysilane.

The elastic modulus E, the FI-IR spectrum and the leak current density of the
obtained porous film are shown in Table 1, Fig. 17 and Fig. 18, respectively.

It was not possible to conduct a precise measurement of the relative dielectric
constant k, due to the high leak current density as described below.
[0182] As shown in Fig. 17, the FT-IR spectrum of the porous film had a similar absorption
peak to that of Example 1, but intensity [ (II) was higher than that of Examples 1 to 6.

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

Further, as shown in Fig. 18, the leak current density was not less than 1.0x1 07
AJem? at 8 points out of the 9 measurement points, indicating that the leak current density was
higher than that of Examples 1 to 6. It was not possible to measure the leak current density
‘at one measurement point.

[0183] [Comparative Example 4}

A porous silica film was formed in the same manner as in Example I, except that the
addition amomnt 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
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 tetraethox ysilane.

The elastic modulus E, the FT-IR spectrum and the leak current density of the
obtained porous film are shown in Table 1, 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 (I)/1 (I)) and the intensity ratio (I (I0)/I ()} are shown in Table
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Example 2 Example 3 Example 4 Example 5 Example 6 Comparative Example | Comparative
Example 2 Comparative ' Example 3 Comparative Example 4 [0185] (Note 1) (moles of siloxane
compound represented by Formula (I) / moles of alkoxysilane compound) x 100 (Note 2) (moles of

disilyl compound / moles of alkoxysilane compound) x 100
[0185] (Note 1) (moles of siloxane compound represented by Formula (1) / moles of

alkoxysilane compound} x 100

(Note 2) (moles of disilyl compound / moles of alkoxysilane compound) * 100

(Note 3) In Comparative Examples 1 to 4, precise measurement of the relative
dielectric constant k was not possible due to the high leak current density (poor insulation
property of the film).
[0186] As shown in Table 1, the porous films prepared 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 its 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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(Note 3) In Comparative Examples Ito 4, precise measurement of the relative dielectric constant k was
not possible due to the high leak current density (poor insulation property of the film) [0186] As shown
in Table 1, the porous films prepared 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 modulusEABugther, the compositions prepared in Examples 1
to 6 (in particular, Examples 3 {0.6) exhibited excellent storage stability. [0187] The disclosure of
Japanese galt%ﬁ?‘ﬁ 0|csﬂ|tézcgltic(§)rliri No. - 008-096449 is hereby incorporated by reference in its entirety.

All references, paﬁéﬁﬁéﬁﬁ%‘éﬂ@r@,aﬁﬁa‘%ﬁhﬁﬁ%@?ﬂ%ons as cited in the present specification are
hereby incorporategh byy@terencentosihrsamenpriettpsiteaachyraferensenpatentagplication, and
technical regulatioF? W%ref&sgaengjfigglly and individually set forth herein. CLAIMS 1. A composition
comprising: (A) a Qoﬁolllf/sate of an alkoxysilane compound; (B) a hydrolysate of a siloxane compound
represented by th&XoHbsimgIESEHtRd fop (9 Bospraetsieh & oPaRdef@ment selected from the group
consisting of Cs, Rb and Ba: Si0O RB -n wherein in Formula (1), RA and RB each independently
represent a hydrogen atem, a phenyl group, -CalLami, -(CH2)b(CF2)CF3 or -Cd112dil1, and RA and
RB are not both hydrogen atoms simultaneously, Re and RD represent a single bond that links a
silicon ato dano .gﬂo?é m ta form a cyclic siloxane structure, or each independently represent a
hydrogen atom, a phe I grodp, -Callzai 1, -(CH2)b(C§F123OCF3 or -Cdflal-ii a rd resents an integer of |
to 6, b represents fan igtgger ofl0 to 4, c represents an integer of 0 to 10, d represents an integer of 2
to 4, and n represents'an integer of 3 or greater. 2. The composition according to claim 1, wherein the
siloxane compountd represented By Formula (1) is a cyclic siloxane compound.

wherein in Formula (1), R and R® each independently represent a hydrogen atom, a
phenyl group, -C,Hog1, -(CH2)(CF2)CF; or -CgHya1, and R* and R® are not both hydrogen atoms
simultaneously, R® and RP 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,Hazr, -(CHW(CFL)CF; or -CgHag,, a represents an integer of [ 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.

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

Formula (1) 1s a cyclic siloxane compound.

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

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

i—(SiRgRgO)L(SiRmW1O)m(SiR12R130)3——] (2)

wherein in Formula (2), R®, R?, R"®, RY, R'? and R" each independently represent a
hydrogen atom, a phenyl group, -CHzn, -(CH)o(CF:).CF; or -CqHag, R® and R’ are not both
hydrogen atoms simultaneously, R and R* are not both hydrogen atoms simultaneously, R'? and
R" are not both hydrogen atoms simultaneously, a represents an integer of ! to 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 &, n represents an integer of 0 to §, and L, m

and n satisfy the relationship 3<L-+m-+n<8.
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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):
-(SIRBR90)L(SIR1R110)m(SiRI2R130) R9, x10,( 2 ) n- - wherein in Formula (2), R9,R'2 and RD each
independently represent a hydrogen atom, a phenyl group, -Call2a+i, -(CH2)b(CF2)cCF3 or -CdH2d-ii
BY and R9 are not both hydrogen atoms simultaneously, Rw and RD are not both hydrogen atoms

simultaneouslys 12 A9 RRAT6-09LRAIMNYHEADEN AIOMS SIRMIRNEOHS)Y, B7aRTGESRLS AR integer of

to 3, b represents an integer of 0 to 4, C represents an integer of O to 10, d represents an integer of 2

to 4, L représehtscamptaioicnieaciy®l b veplalemnaerTRBEERof 0 to 8, n represents an integer of 0 to
8,and L, m mssatisty the r mp_;sh 18<L+m+n<8. 4, The composition according to claim 1,
further comﬁ?ﬁlgi)géy h)%ero%;ﬁgte of "anisiinI compoun rZzpresented by the following Fotmula (3):
RiaRtsRissisi RiTRTBRIN #1) Formuher@ih iR FoRhulR (3) RRIR R 180RRE, Rl iRdgrenderd® each

independentl (epies el BYERGRN AR ARRBIAIOUP L CURATACH LEHANHER CE. @

represents an integer of 1 {0 3, b represerits an integerof 0 to 4, ¢ represenfs an’integer of 0 to 10, X
represents HHSERYGER HMIOICPIRRG % dnfegtiesE Rt thydepiRssEsom Breme pI12&r10a8d e

represents anintageLRAT L I0:R aRmf\NEINRY fRPPFQIUGIAG 3 ROmROsItionnthe meihod atdeast

comprising: a step of mixing at least an alkoxysilane compound, a catalyst and an organic solvent
at 20C to 7OTSEUSARADETS  Ad; 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 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 selected from the group consisting of Cs, Rb and Ba
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:
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a step of adding an element selected from the group consisting of Cs, Rb and Ba 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: RD( 1) wherein in Fotinula (1), RA and RD each
independently represent a hydrogen atom, a phenyl group, -C.Hzati, -(CH2)b(CF2),CF3 or -Cd1-12i-1,
and RA and RD are not both hydrogen atoms simultaneously, 112 and RD 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, -CaH2Erkl, -(CH2)b(CF2)0CF3 ora 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, andh represgnts an integegof 3 or greater. 6. A method for forming a porous material, the
method con'%rlsm asktep o a composition layer by drying the composition according to claim
1; a step of heating thg formed [composition layer at 80C to 400C; and a step of irradiating the heated
composition layer ithRiltraviolgt rays. 7. The method for forming a porous material according to claim
6, further comprisirg a step of-€arrying out a contact reaction treatment of the composition layer and a
silylating agent, after the step of irradiating with ultraviolet rays. 8. A porous material formed by the
method for formind 2358y BUE AR Rt Bedding s BdsRTBLet iR 5Ero LY HarER a1 e ording to claim
8, the porogsematetiad, haing: a@Ensiyroktiomnr (G icnaBdtB 21 0ddie me petrivlimairesgetohfrom a
wavenumber,of 180Q.emé- 1o, 2wvavsoumaerofARA0 mh ¢ Of andnfraradiraucbsamationspectrum, (1)

having one clear absorption peak derived from a C-H stretching moyvement of an alkyl
to form a cychic siloxane structure, or each independently represent a hydrogen atom, a phenyl

group, -C,Hou1, -(CHa)(CF,)CF;5 or «CyqHog,, & represents an integer of 1 to 6, b represents an
integer of { 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.

6. A method for forming a porous material, the method comprising:
a step of forming a composition layer by drying the composition according to claim 1;
a step of heating the formed composition layer at 80°C to 400°C; and

a step of irradiating the heated composition layer with ultraviolet rays.

7. The method for forming a porous material according to claim 6, further comprising a step of
carrying out a contact reaction treatment of the composition layer and a silylating agent, afier the

step of irradiating with ultraviolet rays.
8. A porous material formed by the method for forming a porous material according to claimeé.

9. The porous material according to claim 8, the porous material having a density of from 0.5
g/em’ t0 2.0 g/cmy’, and, in a range of from a wavenumber of 1800 em’ to a wavenumber of 4800
em” of an infrared ray absorption spectrum,

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

(I1) 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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group; (I') showing an intensity of an absorption peak derived from an Si-0 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 (111) having one clear absorption peak
derived from an Si-H stretching movement of an HSIO3 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 deriygdfrom:thgCEAsiRIGBING Mavemeniofam alikyl-arQuBcHs Mo tetesiayer
insulating film comprising the porous material according to claim8, 11. A,semiconductqor material
comprising #hétieHay soms ihsiwavanRadhergfbagilitohar2 RS emic 8t thaaraeie comprising

the semiconsetenmatariah Accardingdo. olaidds nkhAdoMe reliaptiva-frdexnstdage protection film

comprising the parous material according to claim ]fl.
derived from the C-H stretching movement of an alkyl group.

10. An interlayer insulating film comprising the porous material according to claim8.

11. A semiconductor material comprising the interlayer insulating film according to

claim!0.

12. A semiconductor device comprising the semiconductor material according to claim

1L

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

according to claim 11.
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