SPECI FI CATI ON METHOD OF MODI FYI NG POROUS FI LM .
MODI FI ED POROUS FI LM AND USE THEREOF TECHNI CAL FI ELD
~The present invention relates to a nethod for
nodi fying a porous film. a nodified porous film
-according to the nodification method, a sem conduct or
mat erial using the nodified porous filmand a
sem conduct or device. Mirre particularly, the
invention relates to g‘&ﬁﬁﬁ orous filmwhich is
excellent in the hydro F %Berty and the

. mechani cal strength and which can be used as an

optically functional material, an electronically
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BACKGRClJND ART Convent i on.qéﬂ;yo;:as a porous mater i aI

havi ng Si - O bonds, there has been known zeolite or

silica gel. Zeollte is a silica crystal having uniform

pores, but there is no zeolite that, has the pore .

di aneter of exceedi ngrE@ﬁNJOMrFtuBlemrmre silica gel has

pores having the meso area in the range of 2 to 50

nm bhe prassnpiwentiinz elaies tto isb risttmd fos madifyingi & qratous film, a

Accordingly, these materials have only been used for
modifiad Ppetoup il eseerdingatntthamyodifisatidn methwdp ersemicandortgamiaterial

conpound _havi ng uni form nesopores has uni form pores -
using, te, gogifies P&’F‘é’é filgh anth as seMirendyetop slesiceo| Mate aarticularly, the
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in. oﬁﬁﬁt@g&g,ngﬁégﬁlﬁétentl on because an oxi de of novel
‘shape and structure can 1 be obtained. In particular,

an oxi de having uniform nesopores, which is
synthesi zed by utilizing self-assenmbly of an organlc
conmpound and an i nor BAGKGROWNDARG, is known to

Conveniionally, as a porous material having Si-O bonds, there has been known .
zeolite or silica gel. Zeolite is a silica crystal having uniform pores, but thera is no zeollte

that has the pore dlameter of exceeding 13A. Furtherrnore silica gel has pores havmg

- the meso area in the range of 2 to 50 nm, but its pore size distribution is not uniforr_n.‘

Accordmgly, these matenals have only been used for Ilmited purposes.

Contrary to this, a porous inorganic compound having uniform mesopores has
-uniform pores in the meso area, and has a large pore volume and a large surface area so
that it hés_been expected to be used for a catalyst carrier, a separation adsorbent, a fuel
‘battery and a sensor.

As for a process for p_rebaring such an oxide ha.ving uniform mesopores, a
~ process utilizing control of the structure of an inorganic material by the use of an organic

compound has been paid attention because an oxide of novel shape and structure can



have a | arger pore volune and a |larger surface area
t han conventional oxides. An oxide having uniform

- mesopores nentioned herein refers to one in which
existence of the diffraction peak showi ng a periodic
arrangenment of a structure is confirnmed by
measur ement according to the X-ray diffractometry
because pores are regularly disposed in an oxide (a

o B, UG 0 BRSPSt
oS SR BOR RH B0 ER RRL R
ha\)e'?g\ IX&%}F%%% d dhd 6 g?% @"Pac%%f&-f 3h %on\%Pgérgaq Sﬁlﬁes An oxide

conpri Jectln

haviEEitifoPh %%Hoké‘seméﬁtld?ﬂég iR rr@‘@rs RY M B hhich &5 én%@ of the

in a closed heat-resistant vessel to prepare suc .
diffl@sticte pesk d&n@%d@@d geﬂFwé hRfaRBéRent Bf aBB{rbcturGh@éﬂcoﬁﬁ&ed by
Jp., Vol. 9388 (1990), a process conpri sing
meadldgraeit ag:dt@ﬁ@n:bt thet Naby | diffracishiery Obecaub@yiréd are regularly
silicate and a surface active agent to ion exchange to
disgmseq ar an sxidd (eqperindictore strubdee).i bed. As an oxi de havi ng
uni form mesopores prepared by this nmethod has recently
beerAuugegrocess dor prepadeg lap 6xide tHagimgl umiformr mekopaes utilizing
el ectronically functional material or the like, it :
selfyassepblyef 3n eisianiseoMporndsarthen iBpraanicicomporRy, there igdescribed a
703 (1996) and J. Am Chem
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98), Adv. Mater
that\i@b kind®? a [ByeraPilidalO84d a %Uﬁad@aédﬂ(/@agéfﬁ ko lo%%&ch%gezigﬁrepare

. (1999), a process. conprising coating a substrate wth

- suchasokideii®dedcHb&dhi ch a condensate of al koxysil ane and

- a surface active agent ‘are dissolved in an organic
sol Verdan axide balisg qoifomnl mesnpapes @epargd bly Hbis onethsd has recently -
solvent to forma filmon the substrate is described..

beepsedyior AB Setically Fungtional matdrisl, merelqsironieslly fooetisnabhatgrial or the
preci pitating ‘gorous silica on the surface of the

_Ilkegmgstk}egp@r%e NehefERRCAgdeNsuch that it requires a
L oG TB sle, in Nature, Vol. 379, p. 703 (1996) and J. Am. Chem. Soc., Vol. 121,

p.7618 (1999), a process comprising immersing a éubstrate in a sol-containing solution
including a condensate of alkoxysilane and a surface active agent, and ;ﬁrecip,itating
po.rous silica on a surface of a substrate to form a film is described. In addition, in
Supramolecular Sc;ience,. Vol. 5, p. 247 (1998), Adv. Mater., Vol. 10, p. 1280 (1998),
Nature, Vol. 389; p. 364 (1997) and Nature, Vol. 3098, p. 223 (1999), a process
comprising coating a substrate with a solution in which a condensate of alkoxysilane and
a surface active agent are dissolved in an organic solvent and $ubsequently evaporating

the organic solvent to form a film on the substrate is described.



to forma filmand porous silica is precipitated in a
shape of powder in many cases, thus resulting in
reducing the yield. For this reason, to forma porous
silica film the latter process conprising
evaporating the organic solvent is excellent. In the
process conprising evaporating the organic solvent to
forma film.on a substrate exanpl es of a sol vent
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Pat ent . 4, a process for pr event | ng wat er

of 4 flm@ﬁé&dét!ng:d?)bxahfpléﬂaeﬁéﬂﬁuéS bilidd Aitri, Mhehl bs@OGbr 81 idtfayer
in the pore has been proposed. However, it is not
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groups in the porewith this nethod, which has been
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t he roceﬁls does not have any effect, which has been

meghapisat $eeng El ectrochem Soc., Vol .

For this reason, as a process for preventing water from adsorbing, a process
comprising introducing é hydrophébic functional group into an interlayer insulating film
material hlas been proposed. However, a process for improving the rhechanical strength -~
at the same time has not been repbrted up to now. For'example, in W000/390_28 and US
Patent No. 6,208,014, a process for- 'preventing water from adsorbing by
-trimethylsilylating silanol groups in the pore has been proposed. However, it is not
possible to completely trimethylsilyiat‘ing. silanol groups in the pore with this method,

_which has been reported in J. Phys. Chem., Vol. B1997-101, p. 6525 and J. Colloid



150-6, p. F123 (2003). Furthernore, in JP2001-049174A,
a process for. forming a porous silica filmby a
coating solution prepared by using a copol ycondensat e
(cogel ated product) of methyltrial koxysilane and

t et raal koxysi | ane has been proposed. This process

i nproves the hydrophobic property of the porous
silica filmobtained by using a coating solution in
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' by partially hydrol yzi ng di nethyl al koxysi | ane and.
the hgdropad ko ppperttyaardhs pspas silivefih cutdinédienuding a BGatingadlution in
has been reported. A powder obtained by this process '
whighathezcoptant oldnethplbiatkogysilane,liee sewelrophbbic component, is increased.
di al kyl al koxysilane is introduced in a relatively
Howgvgh whesuihe eordemtadf melbyialieixysiane Hy dnasedesti the ratio of three
__property. ~However, in this process, as it takes
d'mewg'?%boa%y&'t PHPI-Phe hopdp Zoraingom skeleton of deg perpye silieafilm is
Further, as, a powder js fipally obtained, it is . ,
* redgen BTty B SR te! Stenalh s makeRly Seiseratehaccordingly, i
I | e onically functional material or, th
nasiERp R G Ba i R HRNER bl HidHer S AR 71 el ednth ot
the S96L @ of Japan, Vol . 22, p. 9 (2001), it has been
“reported that a powder obtained by thin coating of
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~ hydpapsit inssopdrous $llica poREer by MG hyddfzihg RMWERYIaksxysilane and
finally obtained, it is difficult.to apply it to an :
tetraglitaxgsilahy réspectivebnahd rtagremiigihg tiaem dlagcigenniepaiiéd. A powder
functional - material or the |like. Furthernore, in US. -
obtgnadehy thip praes9bas a pendicpsre stoctunalevery ihyidkgplkokisiane is
. by forming a filmby vapor deconposition of a |ow
mtrqs%r@%:m ar relgdivelnthigh pEWENtc angp damdhe sieellent hydrophobic property.
~ However, in this process, as it takes several days for the preparatioh, it is not practical.
Further, as a powder is finally obtained, it is difficult to apply it to an optically functional -
material, an electronically functional material or the like. |
_ Furthermore, in The Journal of Surface Sc:fence Society of Japan,'Vol. 22, p. 9
(2001), it has been reported that a powder obtained by thin coating of
tetramethyltetracyclosiloxane, i.e., a cyclic siloxane compound on a powder surface
exhibits the hydrqphobic property. In this case, however, as a powder is finally obtained,
it is difficult to apply it to an optically functional material, an electronically functional

material' or the fike.



the surface of a porous ceramic material in the
presence of a platinumcatalyst has been reported.
However, in order to forma filmaccording to this
_ process, a netal nust be present as a catal yst and
~accordingly the netal is present in a film Therefore,
‘when such a filmis used for an electronically

functional material, it mght have a bad effect on
the electric pr ties s that the relatjve i
or EFRTeS, BB RS BE5ot41a5 plabess 1gpmalihs nucrophepic by
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permttivity that is required when the fIimis used
the Blektricamopenticar duhi eiat ittistelzaié Parmbittivity isihdtessios ediket Mo, it is
_ cannot be expected. Further, to generate plasm, a
not peafgrablepensi ve device i s needed. Thus, this process is
not econonmically desirable. In order to enhance the
fi | s theentiieh handeineJAERO3EEA7 84 pdiS Ldblication dNes 2009098714,
exci mer . beaméEB) ~cure as described in Proceedi ngs of
WOPRAE3119, and§).$-0taent Norifl 248, 160 @adacass iprfreeiag gl fliwiai g eyclic
., porous filmon a single fer heating stage. installed
silofe,CPRAYI OB AT BY % plgsTHe %/EE%CEW%G Aps Bsen ireported.
.an_argon, at nosphere, under.a . conditjon of 10 Tor.r
i Rofe (b PE B IE bF HeCtiBthindi e lb Fletges, cupPauhfito plasma
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change in the filmthickness” 1Is not prefera

an istdAfyeRifsUlafihd Bintif @GemicoRBudt dapnbl be dpeEl OPafther, to generate
material or an electronically functional material. As
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, filmwhich satisfies 5._both the hydrophobic property
desigaide.t he fil m strength has not yet been sufficient.

.In order o enhance the film strength, there has been -reported a process by
excimer beam (EB) cure as described in Prbceedings of ITC, p. 106 (2003). This
process comp'rises placing a porous film on a single wafer heating -‘stage‘ installed in a
vacuum chamber and performing EB cure at 350C in an argon atmosphere, under a
condition of 10 Torr, thereby improving the mechaniba! strength by 1.5 times. However,
* this treatment has disadvantages such that expensive equipment is required and as a
result of the treatment, a film thickness beéomes reduced. A change in the film thickness
. is not preferable when such a film is used as aﬁ optically functional material or an

electronically functional material.

- As descfibéd above, the technology to prepare a porous film whiéh satisfies




DI SCLOSURE OF THE I NVENTION I n order to solve the
* probl ems acconpani ed by the prior arts as described
~above, the present invention is to provide a nethod
for nodifying.a porous filmto obtain a porous film
which is excellent in the hydrophobic property and the
~mechani cal strength, and which can be used as an
optically functional material or an electronically

f uncti mat erii al ,.th difjed film. .
both 1 afeobis PRisE ot iy Denbbds ot Gt Brgh iisient.

conprising the thus-obtained porous film and a

sem conduct or device in which the sem conductor

material is usefg Si{)ﬁ@é\*lfHéjcl\{\%Nﬁ?Nens' ve study in

order to achieve 't ove obje pr esent
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thermal treatment wthout usi ng a netal Catalyst

a pdrousiinvehich s @k@MBhiGn Hel HyaRIPhESIBBRIPBHY ahdihe n‘fél:'ﬁhﬁlﬁél strength,
with the porous filmmainly having Si-0O bonds. The

andovhiemean Iss disetioas arcoptipalnfiinctivtblicie@rial dr@ndk|etiohickly functional
whi ch a specific atomor group is bonded to Si. Thus,
matetial, {heovedified parons ifilom abasdibe ém theompthetl ed seffimndicior mbrial
_ ‘present invention relates to a nmethod for nodifying a
compieipg ghe ithusrokirined Pﬁmsr@“Sﬁn@)ﬂambonmwdeﬁica in which the
thermal treatment is conducted without using a netal.
SGWQPQQV”BV”Blr‘ﬁH@?‘hg an ‘organi c silicon compound
re Si-X-Sibo
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the porous film It is preférable

into-adontztrevithi theegoroherfival mhinBahawhy 9i© (b@ﬁ&’élCt'ﬁfé aﬁgaﬂlc silicon
tenperature of from 100 to 600 C. It is preferable

| comphartd inbledema borsd it imwhidhar spetcliie asfrobegreop iscbwdecﬁ ttﬁ$:hra1hus '
treatnment 6 is a filmhaving nesopores. .
the present mventlon has been completed.
Th.at is, the present invention relates to a method for modifying a porous film _
- m;ainiy having Si-O bonds, wherein a thermal treatment is conducted without using a |
metai catalyst by bringi_rig an orgénic silicon compound including one or more Si-X-Si
.bon‘d unit (wherein X represents O, NR, CHHZH, or CgHy; R represents CmHam=1 of CeHs; m
is an integer between 1 and 6;and nis 1or2)and fwo or mo.re Si-A bond units (wherein
A répresents H, OH, OC.Hz+1 or a halogen atom; e is an integer betweeh 1and 6; and A
may be the same or different within a single molecule) into contact with the porous fitm.
It is preferable that the aforementioned thermal_treatfnent is conducted at a

‘temperature of from 100 to 600°C.

It is preferable that the porous film before the aforementioned thermal treatment




Furthérnnre, it is preferable that the average pore
di aneter of the porous film before the aforenentioned
thermal treatnment is from0.5 to 10 nm It is
preferable that the aforenentioned organic silicon
conmpound is a cyclic siloxane. The nodified porous
filmof the present invention is characterized in. that
it is obtained by the. af orenenti oned net hod.
ﬁcﬁréherm)re, t he sem conductor material of the present
-SSR PSS PO ERrar act eri zed in that it conprises the, *
- afor ntioned. nodj fi ed ous film Furthernopre, the_
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el eCtheoRbdifdd Worolis Aikd bPMa! préRine fvahtionI8@hRRERMSed In tht it is
can be very suitably used for an interlayer insulating
obtdinediethe aferemenondd aialiodrat eri al . BEST MODE FOR
CARRYI NG OQUT THE | NVENTI ON The nodi fied porous film
accdudhengndre, tthe permiemductony emdténzh vhitbld pseserc ahdanfibn is
in the hydrophobic property and the mechani cal
charactasiged In that ibearaprised theyaforementienadahodifiedeparowsiimai t hout
using a netal catalyst by bringing an organic silicon
conp&thermaie.o the oseaisondiater tdeyicgorcbudhe | prgsenthdnvention s
organi ¢. sjlicon_conpound. includes a specific structure
?hatﬂff&tﬂz'%ﬁﬁtﬂ‘ thafg}r_'% AfpreBeiiicaed seraicaprictarinatesial istisedt | y, t he
por fil sed for..the.nodificatio treatnment wll .
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BEST MODE FOR CARRYING OUT THE INVENTION
| The modified porous film according to the presént invention which is excellent in
the _hydrophobic_ property and the mechanical stren*gth is obtained by thé thermal
treatment without using a metal catalyst by bringing an organic'silicon'compound into
- contact with the porous film. The organic sificon compound includes a specific'structure
unit and a group bqnded toa specifié Si. Firstly, the porous film used .for the modification

treatment will be described below.

Porous Film




than the di aneter of the opening. This pore, in case.
of, a filmobtained by conpressing particles,

i ncl udes voi ds between particles. Furthernore, the
porous filmto be used for the nodification treatnent
of the present invention is a porous filmminly
havi ng Si-O bonds and may partially contain organic
atons.. Having Si-0O bonds neans that at |east two or
nor e

: Q0 ato are boned to one Si atom other Si atons
v BBk T Mshretiereh S Bieio Reliuk it Hih water Thgecues
’ . i r, . restriction. For exanple, it does no
car HeRRLpAo ) Bliehe Silie S oeRnadiiv Mot watpereh Bifiafler of
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partids, fclugies voidg 8e®Jeah phRiclesde fil s conprising silica,
hydr ogen si |l sesqui-oxane, nethyl sil sesqui oxane,
hy dFragaarnmet hinke porassitimi toxangseddonthehyibdifitzmsaneatherit e the
: like. Furthernore, it does not matter if the porous
pregent invehtiarhie appasesnfin maimht having Si-Ofoeds nedtey pairtidily @ontain
- general ly known surface active agent having a nethyl
orggfligatemsa Havingrde hongisaugansrthattad ldaiskisvoor mare Gsalpfra@se boned
For_ exanpl e, such porous filns treated with

to opg R ath kA i piEmere(hauee) threyghiery piamsy | Benidasi there is no.
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~sufficient mechani cal strength an perm
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nodification freatnent to be described | ater.

of SGe pesiedably repRak thag 40ty ve T PatheRfb @, 8i-01heS aklcohfthed by
filmcan be nmeasured using Autosorb-3B (nmanufactured

- IR. byFil@sairt ayeneireintiodd rfilme ntehprisinge silica, Bys@oph esilseytaiickahe,
of. a full automatic gas adsorption apparatus. In this
metidsilsesqritaene endrgeomathysilsaseicgee ptimethylsiorene or tre like.
carried out using the nitrogen adsorption nmethod under
a | Fytpermore, it does not matter if the porous film of the present invention is
pre-treated with a generally known surface active agent having a methyl group, a.
hydrogen group or the like on its surface. For éxample, such porous fiims treated with
| hexamethyldisilazane (HMDS), ,trimethy!_silylchlorid.e {TMSC), monosilane or the like can |
be used.
| it is preferable that the porous film to be modified according to the present
- invention has mesopores. Furthermore, the average pore diameter is preferably in the
range of 0.5 to 10 nm. Within this range, sufficient mechanical'strength and low

permittivity can be achieved at the same time according to the modification treatment to

be described Iatér.



nitrogen tenperature (77K), the specific surface area
can be neasured by the BET nethod, and the pore size
di stribution can be obtained by the BJH net hod. The
porous filmwhich is nodified according to the present
invention is not particularly restricted as far as it
is one of the above filnms. However, if the porous film
is classified according to the preparation nethod
or 0s

Gt nBahbisl}, $feiche! el RisPide, B?fegdé?%ﬁl@f ﬂﬂ%&ﬁegf ?)cag ] g
A U A L 5o
o, 4 LI e S e ol B

avé?é?@p%%rﬁéléﬁs @é]'ﬂﬁcﬁ 86t Jsirsané ﬁﬂo@@n sttoﬁﬂgg rflﬂ{)rf&l%?a liquid -

m obt ai ned by these préparation met

nitrdg&e terigstalord oK), (thk ébef:iﬁb NBuhES Qréascé?\of)@%écésﬁl‘idbd& the BET

formng a filmwth. al koxysi | ane using a sof -gel

methdhant theqoralsingdisBibliticaitid Siilainéd bf fe BUH Method.
porosified filmis obtained, its preparation nethod

i s nbibe parous dilrh avHigh sesibdified edcor@ipg do fthe akdsgnt Investivh is not

‘ be prepared by the following exanple. Firstly, a _
partigdanngsisioled s dar dsat is boe of theg akofe filmsi Howeseaif dwh pofbes film is

' coating solution can be obtained by addi ng conponents
clagsifiegeacgargiing tp the nrepasatienmathae, (4) x Bimpwhichiseoresified by forming a

: t apd water thereto or further addi ng a sol vent

f"magv'tﬁe%'ﬁ?Wé&a%an59 g 150-peihgrethods (2} é‘rrfllé‘i' awhie 'Fofpofcﬁlflw by
'slfOtog;Brl and prf erably fram 30 t 01C, f or seve{;]
- selfassam f, St ol angnep pqr%?fa? aoampwa 314 SH0VIRg Jhe organic

. L
AR 5 AR 4 SN T o«
: zeoﬁiek&?(ﬁ ShikRBSf L Sub&rdis 8R4 fl‘%rllkF: Qlt porous film

i nclude, though not particula rlcted to,

t et raal fRQysilh dbRifddY tAsSsd ;ﬁé;ﬁé?ﬂﬁdrhﬁéﬂﬁdié @ Be descrlbed below.
tetraethoxysilane, tetra isopropoxysila ne, ,

tetrabutylsilane and the like; - trial koxyfluorosila
ne such as trinethoxyfl uorosil ane,
(1) tri & filbx whichos psidsified, by form:ng a film with alkoxysnlane usmg a sol-gel

method

According to this method, as far as a porosified film is obtained, its preparatio'n
method is not particularly. restricted. Specifically, it can be prlepared by the following
exampie. | |

Firstly, a coating solution for forming a film is prep;ared. The coating soluﬁon
can be obtained by adding components to be described later such as alkoxysilane, a
.. catalyst and water thereto or further addin_g a solvent as required and by stirring at a
temperature of from 0 to 70°C and preferably from 30 to 50 C for several minutes to 5
hours and preferably for 1 to 3 hours. First of all, the aforementioned respecti\fe
componenfs are described. |

' {(Alkoxysilane)



triiso pro poxyfluorosila ne, tributhoxyfluorosilane
and the like; fluorine-containing al koxysilane such as
CF3( CF2) 3CH2CH2SI-( OCH3) 3, CF3(CF2) 7CH2CH2SI ( OCHB3) 3,

. (CF3) 2CF( CF2) 4CH2CH2SI ( OCH3) 3,

(CF3)-2CF( CF2) 8CH2CH2SI ( OCH3) 3,

CF3( CF2) 3( C6H4) CH2CH2Si ((OCHB) 3,

CF3(CF2) 7( C6H4) CH2CH2Si ( OCH3) 3,

| G O)SEBtREE R IR0 be s fordaineg esseibminclude.
- tho@%&%%ﬁ%ﬂ%?&%gg@éﬁg&%%%%g%@% é_sz}etramethoxysiiane,
tetr@%&%%p%@&%a 5%%@[5% L34 the  like;

triali((%lhgrgggaqéz) 6%042 Oﬁ@%ﬁ‘%ﬁg%@f @h&%ﬁb@r&dam

triis Sfebiidag? St r@h@:() }c%ﬂane and the like; ﬂuorfne-contaanln
@F%{_ﬂ) 7CH2CH2SI CH3 %H% o

alkdXgEiBN CR{UGH2) ACHRElR %%ﬁ{%&cﬁbém CF3(CF2)sCH>CH,SI(OCH:)s,
( CF3) 2CF( CF2) BCH2CH2SI" CH3( _
CF {0 CHRLBleSIEHBH FED CH2 Si CH3 ( OCHS) 2, CF3(CF2)sCH.CHoSi(OCH,):,
CF3( CF2) 7( CBHA) CH2CH2SI CH3( OCHB) 2. :
(CFeEGK (CF2) € TS SIQHIBH2CH3) 3, (CF3),CF(CF3)§CH,CH,Si(OCH3)s,
g CF2) 7CH2CH2Si ( OCH2CH3) 3, - - -
(CF@E@%@EZ OISt CH3) 3 ' and t heCld(Retls)CHCH,SI(OCH)s,.

trlzgll(kox al kyl sil ane such as trimthox¥mth | sil ane,

R e( ble PEPLHpe, CF3(CF2)s(CsHa)CH2CH.Si(OCHa)s,
: CFa(CF2)r(CeHa)CHoCH,SI(OCHz)s, ~ CF4(CF2)sCHCH;SICH;(OCH),
CF3(CF2)sCH,CH,SiCH3(OCHs),, | o | CF3(CF2);CH2CH,SICHy(OCH3),,
CFs(CFz)gCHzCHzSiCHs(OCHg)z, - (CF2),CF(CF2):CH,CH,SICHy(OCHs)s,
(CF3)ZCF(CF2)6CHZCHZSiCHg(OCHg)z, © (CF)}:CF(CF3)sCHCH,SICHs(OCH)s,
~ CF3(CeHs)CH,CH,SICH3(OCH;),, * CF3(CF2)s(CeHa)CH,CH,SICH5(OCH),
CF3(CF2)s(CeHa)CH,CH,SiCHy(OCHs),, CFa(CF2)s(CeHa)CH,CH,SICH;(OCHS),,
CF3(CF2) = 3CHyCH,Si(OCH,CHg)s, CF3(CF2)sCH;CH,Si(OCH,CHa)s,

CF3(CF2)7CH,CH,Si{OCH;CHa)a, CFg(CFQ)gCHQCHgSi(OCH2CH3)3 “and  the iike;'.
trialkoxyalkylsilane  such - as trimethoxymethylsilane, - triethoXymethyIsilaﬁe,
trimethoxyethylsilane, triethoxyethylsilane, trimethoxypropy!siléne, triethoxypropylsilane
-and the like; trialkoxyarylsilane such as triméthoxyphenylsilane, triethoxyphenylsilane,
trimethoxychloro'ph'enylsilane, triethoxychIorophénylsilane ~ and the like;
trialkoxyphenethylsilane such as trimethoxyphenethylsitane, triethoxyphenethylsilane
and the like; dialkoxyalkylsilane . sﬁch' as  dimethoxydimethylsilane,
diethoxydimethyisilane and the like. Among these, use of tetraethyoxysilane is
preferable. |

These alkyoxysilanes may be used singly orin combi_nation of two or more
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tri .meth oxyeth yl si lane, triethoxyethylsilane,
tri met hoxypropyl sil ane, triethoxypropylsilane and the
i ke; trial koxyaryl silane such as
trinmet hoxyphenyl sil ane, trlethoxyphenyIS|Iane
. trimethoxychl orophenyl si | ane;
tri et hoxychl or ophenyl sil ane and the |ike;
tri al koxyphenet hyl si |l ane such as
ki éﬁ; met hoxyphenet hyl si | ane, trlethoxyphenethyIS|Iane '
d the |ike; dial koxyal kyl silane such as
nﬁpgg@¥ginethylsilane, . di et hoxydi net hyl si | ane and
e Among these, use of tetraethyoxysilane is

prefey st-[nggé 8[5%31!:3 nP%zo MRS ISP M scRicted
in CO {ToR-0 noT € h At Ay
frorﬁ%r%ci@%%ll%%r A Sfall &Jtali&%aﬁ!;@g@%@“ on of a coatl ng

ution | east one 5elec roman acid catal yst

or akatphad! df tﬁé‘b@id%%a!fs?%éﬁﬁie%ﬂﬁorg@ﬁ%@ét@ n@fantch‘gamc acid.

acid catal yst include an inorganic ‘acid an .organi c

Exantpléh of thexabijafR: 2{d ihfiedd ARIFEHIrE 2R5d ﬂltl‘ldﬂ&il&' d@ifuric acid, fluoric
hydrochl oric acid, nitric acid, sulfuric acid, fluoric

acidy pholphphosgd hioric aeid) ldrdbesmic aaﬂlaﬁid theyiKke 0 M&ﬁh}ﬁil@@k&hpfes of
- and the like. Meanwhile, exanples of the organic acid
- the i orghnid eacit encitds guetatd, opriopicaiti deid b Unutemoice aaidi thentanoic acid,
pent anoi.c acid, hexanoate, heptanoic acid, octanoic
hexareate, hepianeisi acidcpelanaie eaidohenaseicdacidxdgdapoiacicit], oxalic acid,
mal ei ¢ acid, methyl mal onic acid, adipic acid, sebacic
malgig Qf'd gaﬂhv'mamm aC'BuPS’/'Picca%l ebacigeaqid, tgadlicaggi¢), butyric acid,
2- et hy Ih xanoat e,

- d d,
- melfficds i égﬁn%?dogt%é%cﬂ ShigTig s acid, Sregi iexanede, Olpe F6iKePeric acid

inof8ft Goie® s, ey PaIVE 2 Bbine o) Pamindizorale aci
-to%ﬂ@ﬁ.ﬁoﬁl[:%@iﬁeﬁér&eﬂg%ﬁlfong'aﬁal RAbRGH zcirb&e%' gld ?lchlorogcetlc acid,

oroacetic aci uoroaceti ¢ aci
trlclﬂﬁbé’oetﬂ%l:iﬁnﬂnﬂu&%!aébtlc%‘&df Rt R5d, thaldHid BY) Qufofiglalid, phthalic

fumaric aC|d citric acid, tartaric acid, succinic

acida finthrici dcR oiicCadg,i tﬁrtarlm @Mbdni ek, itacehic D Mezadsidacid,
“malic acid and the Iike. Exanpl es of the al kal i

citracaniabyi malicdaidiendithedikeum sal t s -and

ni trogen-contai ni ng conpounds. Exanples of amoni um:

sal Exainpleb atibetatkali aatetylstihdodeanmenivyosaits iade pitrogen-containing -
- compounds. Examp[es.of ammonium salts include tetramethylammonium hydroxide, -
tetrasthylammonium hydroxide, tetrapropylammonium hydrokide, tetrabﬁtylammonium
hydroxide and the like. Examples of nitrogen-containing compounds include pyridine,
pyrrol, piperidi’ne, 1-'methy[piperidine, .‘ 2—methylpiperidine, 3-methylpiperidine,
4-methylpiperidine, piperazine, 1-methylpi berazihe, 2-mefhylpiperazine,
_1,4-dimethylpiperazine, pyrrolidine, 1-methylpyrrolidine, picoline, monoethanolamine,
diethanolamine, dimethyl - monoethanolamine, mohomethyl- diethanolamine,
triethanolamine, diazabicyclooctane , diazabicyclononane, diazabicycloundecene,

2-pyrazoline, 3-pyrroline, quinuclidine, ammonia, methylamine, ethylamine, propylamine,

butylamine, N,N-dimethylamine, =~ N N-diethylamine, N,N-dipropylamine,

1"




t et raet hyl ammoni um hydr oxi de, tetrapropyl ammoni um
hydroxi de, tetra butylamoni um hydroxi de and the

| i ke. Exanpl es of nitrogen-containing conpounds

i nclude pyridine, pyrrol, piperijdine,

1- met hyl pi peridi ne, 2-nmethyl pi peri dine,

3- net hyl pi peri dine, 4-nethyl pi peridine, piperazine, 1
- et hyl pi per azi ne, 2-nethy|piperazineL '

A-di met hyl erazi ne, rro [N o .
NN TR B R, Srebliemie. Htciaring: whviiemine and the
||ked|ethanolamne di nmet hyl nonoet hanol am ne, nononet hyl
di-et hanol am ne, triethanol am ne, dlazablcyclooctane ,
d|a abieys! ononane, di azabi cycl oundecene,
irazol ne, 3-pyrroline, quinuclidine, annonla

R r T T R R —
_canlﬂe MNtighdi st dRBMBe, HohBidakbREd ﬂﬁhs %Pblﬁtagy&%ﬁ%lven?t{lano!

tripropylamne, tributylamne an

n-préparol S Glprepdnonhirchuian eutser &es-bLBgolPr ﬁﬁ@tél%l' Ofp&tanol,
~ a coating solution, there can be nenti oned,

i-pepteacip| 2methytbatamiot; oemLpe&wnwEﬂtrﬁenw a%emixb&m@hol n-hexanol,

‘ et hanol, n-propanol, i-propanol, n-butanol,

- 2- memlyl;peauaobf seedwebamc&nﬁlethwmmmaneéc -heptaeoit aembnol-s n-octanol,

: ent anol, 2-nethyl butanol, sec-pentanol, t-pentanol,

-etbylﬁ@tam@kyeamﬁr@nol na-nemdnalcohol2- 26tdipkingihepaool4, n-decanol,
xanol . 2-et hyl but anol, sec-heptanol, heptanol -3,

SeC‘Hng%qVZr?&Ohol otrigietipinesylaalsphols sec-iritageey!, alpohmbngec-heptadecyl

| alcoggl pﬂemaé,ccypgg Wett{l])ﬁgyﬁg{\ﬁmr}% 3 ggﬁ%gﬁglpycfohexanol benzyl
alcoﬁﬁlc Hﬁeﬁ“ﬁ%ﬁﬁ acem&er%ﬁ WL%%%E%%F? hke; polyhydnc alcahol

' hol,,
e e o ton o
~ penfahdiblLX#; p02 M]'é}fﬂr feﬁtaﬂlaéﬁ@l@h Scde‘ks cﬁol?@h aﬂePtaned:ol 2,4,

ethylene gl ycol, 2-propylene glyco ene

2-etifIys@hedioPent Mﬁlyi@ie 29ideol 2- tﬂiﬁﬂobylleﬁ@mgﬁ)%@ﬂ' %eﬂ%&léﬁe glycol,
hexanedi ol - 2,5, heptanedi ol -2
tripr@pyeneydiyoek @nednmé arid tBe likH; ataﬂwb ealeembysaai as SleRrRD M8 Pathy)
- glycol, tiethylene glycol, tripropylene glycol,
* ketoge.y eetyhe-paonyl katonei kethykebaty ketneediethys ketonas methyl-i -butyl
acetone, neth et hyl ketone, nethyl-n-propyl ketone,
ketopgy fﬁyihyhn-ﬁawty?/kﬁema reshyl-ahey Jetomet oedyl-neteyll ketorisu diskbutyl

ketone, - trimethylnonanone, cyclohexanong, 2-hexanone, methylcyclohexanone
' | 2 4-pentaned|one acetonylacetone diacetone afcoho[ acetophenone, fenthlon and the
. like; ether solvents such as ethyl ether, i-propyl ether, n-butyl ether, n-hexyl ether, 2-ethyi
hexyl ether, ethylene oxide, 1,2—propy!ene oxide, dioxolane, 4-methyldioxolane, dioxane,
dimethyldioxane, ethylene glycol monomethy! ether, ethylene glycol monoethyi ether,
ethylene glycol diethyi ether, ethylene glycol mono-n-butyl ether, ethylene glycol
mono-n-hexyl ether, ethylene glycol monophenyl ether, ethylene glycol
" rhono—2—ethylbutyl ether, ethylene glycol dibutyl ether, diethylene glycol monomethyl
- ether, diethjr!ene glycol monoethyl ether, diethylene glycol diethyl ether, diethylene glycol.
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_ketone, nethyl-n-pentyl ketone, ethyl-n-butyl ketone,
met hyl - n- hexyl ketone, di-i-butyl ketone,

tri met hyl nonanone, cycl ohexanone, 2-hexanone,
met-hyl cycl ohexanone, 2, 4- pent anedi one,

-acetonyl acetone, di acetone al cohol, "acetophenone,
fenthion and the |ike; ether solvents such as ethyl
ether i-propyl et her, n-butyl ether, n-hexyl ether

* S B M1 o B S S B S5
ot B Aol B SRR 1

ethgt E}Mlen% 94?’5—! [“%hgn%h‘g%ﬁ?r eﬁ’r&?yl r?%@?cgf ﬁ%ﬁ?ﬂ@ﬁgltegﬁ%& Bror)ylene
glyE@n%hStﬂ}tl @fhle?rleR)&)glr)éh {@b&ll yl‘ﬁ&lt d| e?ﬁ ‘?‘é @VIEM&-: glycol

et her, ylene gly tyl

moBbE®lyl weﬂ@ﬂet B her gival et gy o
et herly di et hyl e}r?le pg‘]flg)')col g?}l{fget hwhgﬁ Q %lmgtr ‘%%ﬁ)wefuran

2-ngtndtetraBylrdfore- dhdomé Yike :@ishe 'sov@h@t dikh %@Qﬁléh% ‘E:thonate methyl
di - n-butyl ether, d|ethylene gl ycol nono-n-hexyl

acetathe rethyetduekyte t nibgtyysladiond, ed-valetdnoteree ghipdl acetate, i-propyl
di - n-butyl -ether, propylene glycol nononethyl et her,

acqbate,ply-lbewea@ﬁtq'teoi-bum rmoefatey seebbiyl acqtate py-bentel agetata| sec-pentyl
. nono et her, propyl ene glycol nonobutyl ether,

acemt&r waéb@ylw@atwmnw a@ttateﬂeﬂjylpuwquem 2-ethylhexy!

col nononethyl ether, tripropyl ene ycol
aceﬁq}%mﬁ&ﬁce@tﬁé}ydoh@w} Wedpgmgtgclohexy?acetate n-nonyl acetate,

meyl Rbeliadep not Y, oﬁuar a”tﬂi‘e” Sl Igh%'eg‘g%‘g{‘e@?‘%‘ﬁgr acetate,
oG858 55501 N B, S5 B2 BB st
dietAgieh& coI%o@ Y thé‘%@%ﬁ{ﬁléﬂ%&{gﬁ ;xco‘?ﬁ}%hﬁthebutyl ether acetate, |

Sec- p ace ace

proﬂﬁér’ﬂé’ blP&ﬂtrﬁ(dno?f?e%ﬁy@B%er 36&&@)’%1’%\5?%% g‘@& t?rr F]hgl ether acetate,

2-et hyl hexyl acetate, benzyl aceta

propfierieayigcol MedrivptdpyCétabiexisatdCibayiene By Wéno@ﬁ@t éﬂ@r acetate,
- methyl acetoacetate, ethyl acetoacetate, ethylene

diprgpyterns gtumbnmdmyﬂethtl fethier agaitate £ dipréynsHee gicgl! yoadethyl ether
nonoet h{ et her acetate, diethylene glycol nononethyl
acetste @lycakdinegtate, maihoxviiiglernt agstgieobthybpropiohate, rebligpropionate,
. acetate, diethylene glycol nono-n- butgl et her acet at e,
'a"m' B@ﬂ%‘ﬁhﬁ gielhy @Xallﬁi@}é’flrétwl oxalpler mathwtlagtate, ethypgatataen-butyl
ycol et h et her acetate, ene gl ycol
'acf%%naﬁ.% Clege, r%?thﬂd'@%'a@aée TV eﬁ@a@fwé@thﬁeﬁwem@and the
€ acet at.e 0 monome | et her .
like ar](t: t;?gaetn—con IBP% E@Y%H% g%q -%}%hﬁ%@(l‘ﬁ?lp!d@t &&{dlmethy‘ﬁ‘ormam:de,
N,N-diethylformamide, acetamide, N-methylacetamide, N,N-dimethylacetamide,
: N-methylpropionamide, N-methylpyrrolidone and the like. |
o The solvent can be used singly or in combination of two or more kinds selected
from the foregoing solvents. |
The method for addmg each of these- components is arbitrary and the order of

addltion is not partlcularly restricted. Addlt:on of water to alkoxysnane may be carried out

two times in order to contral the hydrolysis and dehydrocondensation of alkoxysilane.
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acetaté‘, gl ycol diacetate, nethoxytrigl ycol acet at e,

et hyl . propionate, n-butyl propionate, i-anyl
propi onate, diethyl oxalate, di-n-butyl oxalate,
nmethyl lactate, ethyl lactate, n-butyl lactate,

n-anyl |actate, diethyl nmalonate, dinethyl phthal ate,
di ethyl phthalate and the |ike; nitrogen-containing
solvents such as N-net hyl f or mam de,

et 5t Vaerd 17 260, bl a0l "‘E&‘nﬁ@téq i an
deﬁ%%@%ﬁ%{%ﬂ@% TEhG ol ol Bl S AR he
the ‘Pefx \é@:toglrto rgﬁ:k Eggabif’b ?Igetdr%ﬂﬂagf & E]ﬁé @?5 %gg@glll Bfwater in the
secSRHrHH\%%ysbs{ %P?'%Wf Iég*?f'%( g!?(@%/ @ﬂg% Iﬂ{’l&g¥ raﬂ{) ) of .I”tt{J gﬁ(ol(?silane |

not particu Ion O

" mafb& e l’aln%@ ®f TTEJW Perheditle reuirtitior BetRedr dBeftichdf Qfﬁ%‘? fn the first

contr ol hydrol ysi s and dehydrocondensation o
timé bnd @e $1 thanRcorddtirelis ﬁﬂ@iahic@lérlgfreétﬁétéd ahd calBe fal'Hltfﬁénly set,
time, in order not to conplete hydrolysis and
Thetkerhyuht ot o catelpstaiidedmay be iredrigadivde @ fargs i€ sar promobRithe yeaction
- of water to al koxysilane may be in the range of 0.1
andt the Gndamanatio pf elkexyalidne tora tdtelystas gesfedfably. 2 0t ©to00.281. When a
Addition of water in the second tine may be
solvenb|starepigyedifor dilutien, ey ofydibution (mibite range ob) taot00wkmes and
to al koxysil ane be in the range of 1 to 10. The
preferahly ndbiranes of 3o %‘if"%@%n addition of water in the
nd th? in'the second time is

f .
plag ti'I W‘WV?'%P%&PH yst agd ‘é(ﬁ@f °<Ear$°‘38“taﬂst§?%“§5'qt"§/f%®?r added.
A syBSraRTR UL e vifh £ ARAINKSL AAASH AR bl APYEANGR Butting
' mlxgﬁ(-tifo? aBéu%&?%mlnu?e@% Q‘loﬁrs t@to%ltéfr? 5 egcuPJS?PFzS BS)IJOYJS illlm The

vent 1S e

por&éltlyuédrfaﬁlon§ Re o ik ea@fbedédrh%!léﬂ" bé/svajrﬂnd e Rﬂﬂgcﬁté’fsoﬂvent or

tinmes and preferab he Tange of

' alkdxyﬁ%‘he g e 1BbHOPHEdd aareeernfe%t 55} ¥edpordiidn Wi &dolveRt bR drying and
solvent as required are further added. A substrate is

caloirdiad ec thai telmosalcefadn algolﬁcrblcumwnervt/fg@bratéd bt hettolbyis and a
. stirring the resulting mxture for about several '
poratisrfilmdsobteindhour s to obtain a precursor of a porous
film The porosity conditions of a filmcan be '
cont¥Sof | ailstate vampi wepd: e fimitn 6f pefous ffilis ranyosubstrate that is
al koxysilane to be used. Pores are formed by
gen@l@gb(ﬂsgg i8R @fe@p@wc{,e,ﬁxawle&% tﬁ@ syRgtrate include glass quarts,

silicon wafer, stainless steel and the like. Furthermore, the substrate may have any
“shape .including a plate, dish or the like. |

Examples of methods for coating a substrate include general methods such as

a spin coating method, a cast cbating method, a dip coatihg method and the like. Incase

of a spin coating method, a substrafe is placed on a spinner, a sample is dropped on the

substrate, and the substrate is rotated at from 500 to 10,000 rpm, whereby a porous film

having a uniform thickness in which the film surface is excellenf in_ smoothness can be

obtained.
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calcining or the renoval of an al cohol conponent
generated by the hydrolysis and a porous filmis
obtained. As a substrate to be used for forming a
porous film any substrate that is generally used can
be enpl oyed. Exanpl es of the substrate include gl ass,
quarts, silicon wafer, stainless steel and the like.
Furthernore, the substrate may have any shape

including .a plate,. dish or the like. appl es of
et 380 hPo Bo8 peigeteL aETPis the sobientie B eeqol component
u .2, SPin cpati thod, .a cast copati.n
gerlEADR R Ebeciisin B FtohufiRBly B TR SPnqufbri s cRlBiigfany
[ t ; : e |
oo R TER 08 SURPLE g PSS BB e cor
St Sl i ; t r "
e SABoRE TrBil  60 B r S o O A g
is aVhiiable b9 %arf dd tReStnbiasSitbR e ldnBNErolip iS AN IERAIRG D the
: be obtained. 14 Upon drying and cal cination to renbve
caldra€ios ehiy 88 Furthiedl piddtéd .CABIrdiAQIPIRAS @AkinaticiemMay Bk eEriRM out in
t he hydrol ysis of al koxysilane, the drying conditions
the ain@spbérepaiirteriqasar inyvacues Howet@twhemd onaymetbyidirdupis piesent
: avai l abl e as far as the solvent or al cohol conponent :
in a.§lm a tewperaipe wheredhe démnuaisiion tnid 200 a didthy geouprdees abt ocour
~ particularly restricted, and any condition is
is regyised fapthe caleinatien.aSpadiisaliy, Hgenatnination isalesisally bamied out at from
‘ ro i.n a filmaccording to the calcination can be
25Og%r$(ﬁugr'”ﬁmm998@.m%p@8%i ngly, the calcination may be
car i out in the atnosphere or inert gas or in ‘
CacEu el cie Gt AT  Bendonial' Griastne et by the
' [ rature where the deconposition to H .
nyatolo® &r 2ty Sieb TRE A BE 5PokELbY'S SBERERGH Ml s pienic
Cation. el e c , . . N .
soh R R o suPRESten iR, 1 parklfn g S RBYALY W sumroivcal i

haviﬁ]i; b QUBALAEARSPHL G ulafity %ﬂ@@gm bRd tdrheraile'is BFefé}faguetae%ores

al cohol conponent generated by the hydrolysis o

of thal flkaye hdtasiekebaihdal 15ghlh PoFdRiBTile Barbie Bbiaipar cri ti cal
fluid or an organic solvent having small surface-

t endn these prepgration wathads, thdporoesiiiadaniby dblned at a state that it is
.. supercritical fluid having no surface tension by .
in a pelgsirporting state ssitisstunkdo esupstrate.uPeres of thedhes-alitbiped §im are
ores o
comjl?'med to have the average pore diameter in the range of 0.5 to 10 nm by cross
sectional TEM observation. of a film or measurement of the pore size distribution. Further,
“a film thickness is-different.depending on the preparation conditions, but it is in the range

~ of approximately 0.05 to 2 pm.

{(2) A film which is porosified by self-assembly of silica sol a‘hd an organic
compound when forming a film with alkoxysilane by a éol-gel method and
removing the organic compound after forming a film

A film which ié porosified by self-assembly of silica sol and an organic

compound when forming a film with alkoxysilane by a sol-gel method and removing the
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of the filmare not broken and a highly porous film
can be obtained. In these preparation nethods, the
porous filmcan be obtained at a state that it is in
a sel f-supporting state or it is stuck to a substrate.
Pores of the thus-obtained filmare confirnmed to have
the average pore dianmeter in the range of 0:5 to 10 nm
by cross sectional TEM observation of a .filmor

R N T s A

o= BP0 BoERAS s it Gl a8 ion 26  sutece
ifi.ed by - fe sili I . .

s 85 bl be o PR R o lsfng ) s oin g

. . _ . h

B e g B s BB (1T i e 1 5

© por ogs ke didR¥meftiohe dSRRER] YctRE Rieht AdudM 28h@lnd having a

organi ¢ conpound when formng a filmwth

longckigin sidyl groep Bivd a hfs/@ubpﬁiﬁé griBb Baslbansed. erAvibAgchdIg alkBi group
~organi c conmpound after forming a filmcan be obtai neolg
is pfeferably cveditiving 840 R4tarbon afomsteindfurtias peef@rablg ohe having 12 to 18
agent (a nold), for exanple, an organic conmpound such
carben atens.f atgtheacexanepleg efittheé shybophlier gradpledclude @ quaternary
process for preparing a coating solution using
‘ameeRBREAH aheming oraue. pNiese aupa midretybgratiprecsasrdykored and
As the aforenmentioned surface active agent,

theﬁik‘lir%'ﬁ‘é')"%“@éﬂﬁowfﬁaﬁw FymeNu Sal OB A RYFTORY Igyaupgs Biaferable.
S e
el FRAR st eb RS RLBY He el LSt opni 11
o oL Ao AN R R oup, & car boxyl
Or OUphe?&ifl a i$ BeintdgéPbetRBBNG ah2SFis aft irﬂé’@ér%%ﬂ%{)el\ﬁ é) and 4;nis an

. ammonium salt or "a hydroxyl group is preferable.
inteGpeigdtiveernb layid 23smtid an sriteder detwaehiovahdee lis ah intéder between 1

preferable to use an al kyl anmoni um salt represented
andi34; she Xfio b lhalidenign gé®@yx al a framoutlant organic anion.
CnH2n+1( N( CH3) 2(.CH2) m) a( CH2) bN( CH3) 2CLH2L+, X, +a
wherldiersuface agiive agend maprésenteddry e afare@entiories gemeral formula
: i nteger between 0 and 4; n is an _ _
forms micelles in a coating solution to be regularly disposed. In the present invention,
the micelle acts as a mold, so silica obtained by the hydrolysis and dehydrocondensation
of alkoxysilahe and a surface active agent form a complex. Then, by removing the
surface active agent of the mold, a porous film having uniform pores regularly disposed -
' can‘ be'prepared. |
Furthermore, as the surface active agent, a compound having a polyalkylene
oxide structure is also employable. Examples of the polyalkylene oxide structure include
~a polyethylene oxide structure, a polypropylene oxide structure, a polytetramethylene
~ oxide structure, a polybutylene oxide structure and the like. 7

Specific examples of a compound having the polyatkylene oxide- structure
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i nteger between 8 and 24; mis an integer between 0
and 12; L is an integer between 1 and 24; and X is a
hal i de i on, HS04" or a nonoval ent organi c anion. The
surface active agent represented by the aforenenti oned
general fornula fornms mcelles in a coating solution
to be regularly disposed. In the present invention,
the micelle acts as a nold, so silica obtained by the

ol ‘S opag 8oy grg eSSk Rhe SRR ge bick
: h f f -th

corg B R aaDPYe, Gy PP BoRS Bhckg P lipeh: dipbBarpthyiene
polﬁgp@ﬁylgﬁ%%ﬂ{ th F;ﬁé’%% ep%llk aetbgrf gﬁ&o&@e‘iﬁ%@? ! 'afﬁ?l phenyl
Ry M T Y By §8iyens glycerine

fattPééléi 8stef, rp%%We%yl&e%'rBﬁﬂh‘?M Sl HSHyétF\f/IHﬁé é’ér@rtol Fatty acid

pol yt et ranet hyl ene oxi de structure, a polybutylene
estérXsdiBitail falif beid @s@A %r&d%nb'gty%o[ faRg ebﬁleeteemmsesataf adl ester

conpound havi ng t he pol yal kyl ene oxi de structure 16
andithelikede et her type conpounds such as pol yoxyet hyl ene

pol yoxypropyl ene bl ock copol yner, pol yoxyethyl ene

pol yoxd utrgdenh dnvehtimk a spdaoeractivepadent cpat ey lueerk singly or in

pol yoxypropyl ene al kyl . ether, polyethyl ene al kyl .
con@ingdipn opoyeyere isglecied fr@hktylle qﬁhemyhtloreﬂ lfempands he

l'ike; and ether ester type conpounds such as

poI 9" eha k@}(xﬁ@@pe reecatqalaett @ndayyatgr addeq is the same as the

d ester

oSS AT S A LA TS i e
e B0 007 R AR RN L heRt B8 b umme

base@Xﬁmé mel Bray o5 4F fhe%wgé.l GHE. ?ﬂeeﬁrfa%%ch\?eeyogﬁ n%vb%'amed in

nore selec

any%fa@é Sf@ Qélldoa ‘ﬁ&hl& 8PP QDS obtiiRed QVH@Q&W% trfé' éiPPéMé bERR&gent

_ a catal yst and water added Is the sane as
|naaﬁmbﬂ1wgarmmdgfr{§bm_(1), t he content of the surface
' active agent added is preferably in-the range of
0. 0@®¥ dhandind combiaationd theonalapratit er thellike betviden thiangtacebctive
'0.005 to 0.15 tinme based on the nolar ratio of the
agenl aukipeidlkmesilaibe asparbes Bimabavinga pgdodic wate Steuchudesdch as a

2D-hexagonal structure, a 3D-hexagonal structure, a cubic structure or the like can be

. prepared according to the foregoing method (2). -

In order to obtain such porous films, as described in the foregoing method (1 ),_
with the eoeting solution obtained aceording to the foregoing method, a substrate is
coated and the solution is dried. Then, the surface active agent may be removed by

_ cafcining or extraction by an organic solveni. Pores of the thus-obtained film can be
confirmed to have the average pore diameter in the range of 1 to 10 nm by cross
secﬁonal TEM observation"of a film or the measurement of pore size distribution. Also,
‘when the porous film has a periodic pore structure such as a 2D-hexagonal structure, a

3D-hexagonal struc_:ture,_ a cubic structurs or the like, a diffraction p.eak at area intervals
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any state of a solid, a liquid or a solution obtained
by di ssolving the surface active agent 1in a solvent,
regardl ess of its shape. By changi ng conmbi nation, the
nmol ar ratio or the |like between the surface active
agent and the al koxysilane, -a porous filmhaving a
periodi c pore structure' such as a 2D hexagona
structure, a 3D—hexagonal structure, a cubic structure

e A
t ne' Whaf i TBEF-UHEGRL b obh 88, %@%‘;&t% el suciang
parfiQSHHAS JB7S hgﬁcwaﬁzﬂgm %ts‘ﬁgé;ﬁgg FR6h 31t 309 fdificen tho pore

ion1's ctiv
el SR a2 A5, ACRIRRy B B0 6L 080 Bl
by tﬁ@ Mdcrfr@ﬂor{ t@eéﬂﬁ\&ﬁt tB *E»@ d@¥é‘rfb@9 %tQPsfoethQi é‘P&BG&E fillintWHch at least
range of 1 to nm by cross sectiona
- a pArpsahy bﬂeQﬁrr@ﬁv I'tfl$ bIBEIRA da®eTBbaMEcE R ImeHsuRMeht 51 thR pore
~distribution. so, when the porous filmhas a

narer padi sizepoare bet canfitre® byuib @sctaon2bedie a@omned analysis. The
structure, a 3D hexagonal structure, a cubic

thustbained meraus fiinds kexéedientaindhé hydropharic pepkriat Fartiss, when it is
intervals 17 in the. range of 1.3 to 13 nmcan be

useddeita seraigomspcton enateriahsudh Bfnoseusditistoay praerbyiffusiatheia barrier

: t he thus-obtained porous filmhas pores of a cubic

meta}. ruct ure and partl cuI arly has a pore narrow part
froml to 40 ‘A betweep

e THBeor i PG et B PRt e bt BosBeA TorTraPIgH im
, I bl k i f
hav[id, %?ﬂn%"%?éé"&a PRBEaE P aal P sriviute ' iR b5Fy Rir i

formeds ! e 3% B8] o odilie GRInhAI DAL DRI, PR 1S
nar Iy Sadnplsi 46 cat _c[;bgolﬁﬁ’cm 1§ madolqt Be &Jrﬁ‘é}tﬁﬁ:l?m?&@nénd

structure anal ysis. t hus- obt al ned porous f

dehgarecbridenbation éfhikdkysilpRNARNE HPERPBE lof a SfdcBeictiviVMagent and

it is used for a sem conductor material, such a
_ sificpoodudn this casarit iprpesfersbledinbf oshiged eélumrbarmewred g traiking a
The porous filmhaving the pore narrow part can be
surfags atlivedadenbmith silicpoiodis aflvanve dnavihagesultiy tisagds atided to
structure or a 3D hexagonal structure in which a
alkoprygilapy Whieh is partially hydrolyzed and dehydrocondensed. Here, the term
“partially hydrolyzed and dehydrocondensed” means a state that the mixed solution is
fluidized without being gelated. I_n general, if the viscosity exceeds 10° poise, a solution
is viewed as gelated. So, the solution has not more than the foregoing viscosity.
By preparing a f:oating solution in this manner, it is considered that a surface
~ active agent is arranged centering on silicon oil to form micelles. Then, with the coating
-solution, a substrate is coated and the solution is dried. Then, when the surface active
| “agent is removed by calcining, it is considered that the silicon oil put in the center of

micelles remains in a state attached to the surface within pores of the porous film so that

the aforementioned narrow part is formed.
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~formed in a pore, in addition to a porous film having
a cubic structure. For exanple, a coating solution is
- prepared by partial hydrolysis and
dehydr ocondensati on of al koxysilane in the presence of

a surface active agent and -silicon oil. In this case,
it is preferable that a m xed solution is prepared by
m xing a surface active agent with silicon oil in

RS R S5 S o it . on
ors MRS SIS B B o 5
‘ ti ' f Ly, di ' I I d. ,

o SObALEoRoddho e A MO 5B b toane,
. rothe g Dl
condhlt S0 phpMIRAISRS e ShaRB b8 el o
polypRahjinetr§Rliakehen i fnd hi Sposvanﬁ@ﬁymiro&%ﬁe? CORSi d&fp%ﬂlﬂé?at of
a surface active agent . I'S arrange centeri ng o
pohys3 Bj3ateMudddpropAmbtyEliciame! bRS - pdiftMethiislidkahBe £ A¥pbRfher of

: solution, a substrate is coated and fhe solution is

* polyethytethe okiverandwhtydimbibysilxaasea acolyneer APBRPrdpyiche B8 tnd
by calcining, it is considered that the silicon oil

polydimethyisitohane; emtoppolgifner i qelyetylane naiides palypoiiaiceoxide and
attached to the surface within pores of, the porous

polydimethdgiloxana, hydedefeoniatadt | polsiimethylsitoxapar ta | sopolymer  of
formed. 18 The foregoing silicon oil includes, though

p°|yﬁlﬁt%ﬂf'?’?ﬁﬂpﬁﬂey redidi ct erplydimethivisiloxpgeni ¢ silanptisrminated

_ d havi )| ydi met hyl si | [
pon AR R R g O oL by of Loxane a5, 2 mmin
E:(r)lpgf‘%/ W'MEJP&E :*’ﬁ:!%btﬁgtft??ﬂ;}?'tsﬁ%dﬁ%%‘?%maﬂ gslml é %re]‘.gd s%gly orin
. Lsi .
w4 e RO A R eH oxane, &
COPThY BRI uRH of tIROLilicoR ot adiubd isfpréterB | 9 ﬂwee?r)éhg@BW{osido%@ght

~ne and pol ydi met hyl si | oxane; ‘a copol
- partpahd/ ebhypreferabmXintiee @Rge BS WEHORLigH baHS, B43EEen F00 weight parts
copol ymer of pol ypropyl ene oxi de and
of thol alkbxysitdmgl siwbaranthe amempobly ey stlicop odily atibyd agewithin the
oxi de, pol ypropyl ene oxi de and pol ydi net hyl si | oxane,
aforgrpentioned rangri mpereds fiol iy sihibtamalreim pextasifermed witiio lpyresrcan be
.of  pol ynet hyl hydri desi | oxane and . ,
‘easiyRIreRA et hy| si | oxane, silanol -term nat ed '
pol yc{'hmet hyl ﬂ | oxane and the |ike.
7 n the porous film in which at least a part of the pore narrow part_,is blocked, the
fact that the pore narrow part _is_blocked and improvement of the hydrephobic property
- can be conf_i.rmed by the measurement of relative permittivity and cross sectional TEM

observation of a film fo be described later.

(3) A film which is porosified by crystal growth of zeolite on a surface of a
substrate
A film which is porosified can be obtained by crystal growth of zeslite on a

surface of a substrate. The preparation method specifically includes, though not
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The silicon oil to be used for the present invention
can be used singly or in conbination of two or nore
sel ected- fromthe foregoing conpounds. The anpunt of
the silicon oil added is preferably in the range of 1
to 100 weight ©parts and nore. preferably in the range
of 5 to 50 weight parts, based on 100 wei ght parts
.of the alkoxysilane When the anpunt of the silicon
the aforenentioned range, a

i | added i i t
Par%é' %Igge?%f'q‘tlﬁﬁ? arlnmt%#iow*%g metodsy part is for rred vv! t h| n
it ) 3 & i, by pq%ﬁ%%a'ai'agcrtmg?v%mr ol iaed by

B B35 B S B e
a moff ‘of éﬁﬂ@ h‘ﬁﬂ@e% Q}Bsfrgtg Iﬁ?ﬁg& eﬁ% Rf hgr@il 6 Ee'&i}/ﬁ:erbqqcaécfm%d to

per m y and Ccross secti onal

repdrt B ;ng ifescribed later. (3) Afilmuwhichis
pe%orrosqofl egnﬂy crystal growh of zeolite on a surface

Of 38) AUcb Uy cadnt MR d Salfg S9UtdrRBrABBestglit of
obtai ned by crystal growth of zeolite on a sur

zeotite Db HedayehydidiSerTat SitiisisOnt e si@s SLRECH dIkakySikane, colicnda! :
i ncl udes,  though not 19 particularly restricted to,

silict foe tiﬁmllkeoammg et hod dsganfofamvigt harad mﬁtwmgthéddatlmgmolutlon, a
_ conprising crystallite of zeolite obtained by
substyade istdeatadal Theysoluties issdrisdtand @alsinkd da psepareca parbus film,
al koxysil ane, colloidal silica or the like-and a nold
of & Akyerotermel Syatfeaby\ﬂthatse!lca§0@r@apé@ikoxvadar@otajfmdehsmca
dri ed and cal cined to %areaporousfllm (B) A
or thg, el PRIy &1 SGeac P%"%dée‘%‘ pléaty ie dgertag fargarystalagrowth of
rising crystallit Ilteobt
zeoff R BitPh ! LsReter I hé Slubartie SeB aRE aighed to prepare s
poro%”‘f ysi | ane, coIIO|daI silica or the like and a nold
fs organic amne. And then with the coating sol ution,

ANOgr T Bl Kibkfate RLEH: w:t-ﬁm‘ﬁlcﬁgl Fﬁs%ﬂ?j&&:ﬁp@éhﬁg g@ llization in

caIC|ned to prepare a porous erna
aquSALRLVABSH coniirif an oahic Gk HeCRIUBbn B dFR¥YEPHcaRRied to prepare

colloidal silica or the |ike and a nold of organic
a poegusIiitm (drygebsdnvaision)s i nserted for crystal growth of
As for the organic amine which can be used for the foregoing preparation, there
“can be exemplified, for example, tetrapropylammeonium hydroxide, tetraethylamfnonium

hydroxide, tetrabutylammonium hydroxide, tetrapentylammonium hydroxide,

fripropyla_mine, triethylamine, ~ triethanolamine,  piperidine, cyclohexylamine,

| neopenty[amihe, isopropylamine, t-butylamine, 2-methylpyridine,
N,N'-dimethylbenzylamine, N,N-diethylethanolamine, di(n-butyl)amine,
di(n-pentyl)amine, - dicyclohexytamine, " N,N-dimethylethanoclamine, cholin,

 N,N-dimethylpiperazire, 1,4-diazabicyclo(2,2,2)octane, N-methyldiethanolamine,
N-methylethanolamine, ' N-methylpiperidine, quinuclidine,
N,N'-dimethyl-1,4—diazabicyt:lo(2,2,2)octane dihydroxide, B ethylenediamine,

~ 2-imidazolidone and the like.
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zeolite on a surface of a substrate. Then, the
solution is dried and calcined to prepare a - porous
film (D) After a substrate coated with silica gel is
subject to zeolite crystallization in aqueous vapor
contai ning an organic amne, the solution is dried and
calcined to prepare a porous film(dry ge
conversion). As for. the organic am ne which can be

cx e PrEHE B OBV SR BAYA Ao ArLctiro from the

d'ﬁr?éﬂj a%eﬁ? st rﬁyﬁh?&agg&nfa&g m‘?‘@%&é‘%@?& anmoni um

hydr oxi de tripropyl am ne, triethyl am ne,
tri et hanol am ne, piperidine, ‘cycl ohexyl am ne,

neopent yl am ne, m ne,
- 2- rrgt hyl)/pyri di n“géoqﬁb%ﬂ&mbgﬁhngf i %@""ﬁm ne,
N, Ndingdihod ?ﬁrhﬁaaﬁ’ﬁﬁgﬁ erorgué 'ﬁrnblbtfythéaﬂl‘bélﬁrt invention comprlses

di (n-pentyl)am ne I cycl ohexyl am ne,

condlidingi avehyihietdranehtalitHeet usSiRgal Metal catalyst by bringing an organic
N, N- di net hyl pi perazi ne, 1, 4-di azabicyclo(2, 2, 2% oct ane,

silicdh nednimdutide inkoa rvohtaiat th tHY- ferbdyih@t fao@d dih ner improving the:
N- et hyl pi peri di ne, quinuclidine, N N -dinethyl-1,4-d

hydiophalbic qyopa2an 2!)&) otezhanictl rsprengthi d@he atrggrie nmcbram:mpou nd
2-im dazolidone and the like. 20 The porous film

inclyglgsngey mage SoHFJirend uni (wherein X repogsents QtNRucEHlze of Cdrha; R
the diffraction peak obtained by the X-r )

reprgpgnts QeHm@rrS?eFtsc@mn infaSgT Petwaen d Anus; ﬁ@fﬁn i1 of 2gpe two or

nmodi f

morpr b hodh v it bl P B R ?or?%%%'iﬁn atom and
may/ e b e o oSk i AR RIATEO B 6 4B B oy Bl 1 ane

6). foregoi ng porous filmfor inproving the hydrophobic;
property and the mechani cal strength The organic

si | icraRt 6:9ARRYMELN EdMdddAGS naR &{e M&e%l‘x@l%&rgggﬁﬁand two

-unit (wherein X represents O ,, Of

or mMoBPBEA BOhEG ukiE-Bond otheR@iRAibit g \fapanpﬂeeélﬁs af a RAlpERR0relin the
and 6; and nis 1 or 2) and two or nore Si-A bond

rangmfﬂ@O(twlﬁéG@i nFukthee irie peEfierablel thaiHo @CekPesifiornocars at a state
hal ogen at om and
that the compound alone is present. In addition, the organic silicon compound needs to
have the molecule diameter to be sufﬁclent!yrdlﬁused in pores of the porous film. The
molecular weight is preferably not ﬁdre tha.h 900 and not less than 70, more preferably -
" not more than 600 and not less than 120, and further preferably not more than 300 and
-notless than 170.
Examples of the organic silicon compound include cyclic organic silicon
‘compounds such as a cyclic sifoxane, a cyclic silazane and the like, other non;cyc!ic
organic silicon compounds. Of these, a cyclic siloxane is preferab[e.

As the aforementioned organic silicon compound, more spegifically, at least one

kind of a cyclic siloxane represented by the following general formula (1} is preferable.
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may be the same or different within a single nolecule;
and e is an integer between 1 and 6). O the organic
silicon conpounds having one or nore Si-X-Si bond. unit
and two -or nore Si-A bond units, sonme of them exhibit
the vapor pressure at a tenperature in the range of
100 to 600C. Further, it is preferable that. no
deconposition occurs at a state that the conpound
al-one is present. In addition, the organic silicon
COMPOH the nnlnr | e dianeter to be
suffi 3 ; ' of{ the porous film The
nol ecul gFéngkIﬁﬁgﬁg?%?%E§E$§'hot nore than 900 and
not less than 70, nore preferably not nore than 600
and not |ess than 120, and further preferably not nore

t hany 00 a8d renpt RESE | dkhaﬂz”rﬁ Jeu%g ot dn‘%erent and each

organic S|I|coh conpoun ncl ude cy iC organi

' repr‘ébéth@F OH)%FI?U p[aﬂuéﬁg,(éﬁh)a(CFM)E, ¢S] b@(ﬁﬁl 1 oraa I%Yéﬂen%tom

| azane a non-cy €

a rsSéﬂ llrﬂ@gbrw&lmﬂ%ndq bt Beaﬁ‘?mtége?)b%{v{léénsﬁ laﬁ&(aﬁec'@ an integer
preferable. As the aforenenti oned organic silicon :

betwesnTbanmty4; dTDERIntREDdtiveah R ¥und ate is%ﬁﬂte?@?%etml@eﬁq 4Pt 62L isan
cyclic siloxane represented by the follow ng general
integ@rbaiiveer( 0 and 8; rpisehantebérebetRderS) BRR3:Q) is an integer between 0 and
(Sj R5R60) NM(Si R7TR Q n wherein R3, R4, R5, R6, R7 and RB
8 amﬂa? foé*‘l’nr're S8nandowheleinf atrleast tancbrenark Sire pores enitss(wHerein A
CaH2a+1, CF3(CF2)b(CH2)c, CdH2d_1, OCeHze+,
| "epr8§e'?is h'apbb %e'dzee@r a hglopen aiem anctigey be thevaaate of difieteng within a
' kf'e’i“ﬂg 5)% tvveenOanle c is an integer
sing cHeparzeciudedy i s an |nt eger between 2 and 4; e is
an i er nt eger bet
g Fiper yar??'??ﬂ%agﬁ i G enoBie SOBne Tepesgred By the
lF 8 and 3 L+mtn : 8; and wherein
fol!og{}{qe gtrgﬁ%%%qm%or gle A bond units (wherein A
represents H OH OCeH2e+l or a hal ogen atom and may

be the sane or different within a single nolecule)
are included. Mre preferably, at |east one kind of a

cyclic siIOngffrepreiffred by the follow ng genera
formula i s prefERdBHes) | _

wherein R' and R? may be the same or different and each represents H, OH, |
CeHs, CaHoaut, CF3(CF2)b(CH2)c, CdH2d1, OC¢Hze<1 Or a halogen atom; a is an mteger
- between 1 and 3; b is an integer betwegn 0 and 10; c is an integer between 0 and 4; d is
an integer behNeen 2 and 4; e is an integer between 1 and 6; p is an integer between 3
and 8; and wheréin- at least two or more Si-A bond units (wherein A represents H, OH,
OCcHze+1 or a halogen atom énd rhay be the same or different witﬁin a single molecule)
are included. | |

Specific examples thereof “include cyclic = siloxanes such as
(3,3,3;trifiuoropro_pyl)methylcyclotris'iloxane, R _ tripheny!trimethyfcycfotrisiloxane,

1,3,5,7-tetramethylcyclotetrasiloxane, o . octamethylcyclotetrasiloxane,
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Si RLR20 P wherein Rl and R2 nay be the sane or - ‘
di fferent and each represents H OH, C6H5i CaHa+,,:
CF3(CF2)b(CH2)r, CdH2d_1, OCeH2e+; or a hal ogen atom
ais an integer between | and 3; b is an integer
between 0 and 10; c is an integer between 0 and 4; d
is an integer between 2 and 4; e is an integer
between 1 and 6; p is an integer between 3 and 8; and
| east two or nmore Si -A bond units (wherein

| ',Sﬁ%ré%@ﬂQ,%?-tmphe@defqu@s&?xaaeha|tet&eﬁhvéqy6 eifpglloxane,
t g di ff t h nol I
| pen%’?%etﬁsﬁecl}»ﬁsﬁt%‘sn 865 11 endxan o Mo cof O ncilsde: oyt & of
1,3, 5 TS {r Iiycﬁ%@g%szlgxaﬁe(ig’ ’pgl‘ticulgrrly ;f)rle eratﬁg ropyl)meth

tr| I oxane, .. 1. 3 tr
et %hul?t@g c?llioc'). n$r ue &Sﬁenﬁ)entloﬁ‘ed organic’ silicon dompoung taleast one

oA SR PRSI A el
alsdd @t h yl cyclotetra si oxa .ne, -
pent anet hyl cycl opent asi | oxane and the like. O these,

use of 1,3,5, 7-tetyqmpet@yzeyrl44eyr asi | oxane i s
particularly preferable. Furthernore, as the
af orenenti oned organic silicon conpound, at |east one
ki nd of- an organi c silicaon conpound represented by the
f ol IwmﬁfaﬁgR{:feRgralz ahdiRTimnay bé the szame oraliffegerii@nd sach represents
YSi RIOR11ZSi R12R13Y wherein Rl, Rl11l, R12 and R13 may
H, Gsbls.tGublos e BB (SF 2eliOH- kr @FtHan@r edelegee plossaris an inipgaldkiyeen
CaH2a+1, CF3(CF2)b( OCeH2e+1. or a hal ogen atom -
1 angd 3: & isaf infeoeigatwers %@3110'?_ ingintegepbetyean0 pRe g'gers an integer

betEn Tt 208,0: (rbielueienal QSR P O AR B CP B 0T B
R RaR R Ty BB A THE R A aaE Q19 Py P ol SOt Cobh Cotb.

o (ST g TR R L

* integétbeBvedn 0 ShdD; c'lé‘éﬁﬁ?éfepﬁewﬁﬁﬂ 0% g30an fhtélg%r%m 0r2 nis
I nteger between O and 4: d is an I nteéger 2;

an ihtéger between 1 and 10; Q represents (CH,)w of CeHa; m is an integer between 1

and 8; R", R, R may be the same or'_different and each represents H or CHg; RY
represents (CH.), or CgHy; p is an integer between 1 and 6; two Ys may be the same or
different and each represents H, OH, CgHs, CiHaav1, CF3{CF2)y(CHz)e, OCcHaer .or a
_ halogen atom; a is an integer between 1 and 3; b'is an integer between 0 and 10; c is an
integer Eetween Oand 4;eisan Vinteger between 1 and 6; and wherein at least any two or
more of R? or R?, R°or RY R®orR" 2 Ys rebreseni H, OH, OC.Hze+1 or halogen atoms.
‘Specific examples thereof include siloxane compounds such as

1,2-bis(tetramethyldisiloxanyl)ethane, 1 ;3-bis(trimethylsi!oxy)-1 ,3-dimethy[disiioxane,

1,1 ,3,3—tetfaisopropyldisiloxa ne, 1,1,3,3-tetramethyldisiloxane, -
1,1,3,3-tetraethyldisiloxane, s 1,1,3,3-tetraphenyldisiloxane,

1,1 ,4,4-tet|_'amethyldisilethylene, - . 1,1,3,3,5,5-hexamethyltrisiloxane,
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an integer between 1 and 10; Q represents (CH2)m or
"C6H4; mis an integer between 1 and 6; Rh, R, R may
be the sane or different and each represents H or CH3; .
RO represents (CH2)p or C6H4; p is an integer between
1 and 6; two Ys nmay be the-sanme or different and each
represents H, OH C6H5, CaH2a+l, CF3(CF2)b(CH2)c,
OCeH2e+1 or a halogen atom a is an int eger bet ween 1

1 %ﬁféeéaﬂﬁ%@m@ IBhEnd 4 e o an ' ntagd SR siEne.
11305 SRR BB, 10, 01 T s elylrere.
1 1*1351 5987y Q&%Eth ﬁ%ﬁa%'il&aﬁeexanpl es tSh(? Er%?{yg'eﬁgllr@tﬂgxydisiloxane,

ahe conp S sucC 2-bi's

1 1?%@%%@1‘ ; |y¥ |1 Oxy oxy) nje_ 31, ,Sﬁ% tShsyrlme elttg/ldiethoxytnszloxane

tetraméthws3Id%étﬁb>aememﬁbdarﬂd%hé meane, 1,1, 3 3-tetraneth

yl di Si  oxane, 1,1, 3, 3- tetraethyld|3|loxane

1,1 @rﬁ&etrﬁéréaﬁb@lﬁe/ bfbré?hét&?@ﬂ@@,orgamc silicon compound, at least one
1,1,4,4-tetranet hyl di si lI'et hyl ene,

kindLofla 3ydicSilazdmexaprekéntbd bl shd folewieg géderal formula (I11) can also be
1,1, 3,3,5,5-hexaethyl trisil oxane,

Lmed,1,3,3,5 5- hexai sopropyl trisil oxane,

. 1,1,3,3,5,5,7, 7-oct anet hyl t et rasi | oxane,
1,1,1, 3,5, 5-hexanet hyl trisil oxane, .
1,1,1 s,s,b 7, 7-octanmet hyltetrasroxane, _
1, 3-di gqhetpgatsm[ewe; POrreREN Y ANegiR RN Ee3  Lel r a
met hyl - 1, 3- di et hoxydti si | oxane,
1,1, 3, 3,5, 5-hexanet hyl di et hoxytrisil oxane, tetra
met hyl - 1, 3- di met hoxydi si | oxane and the |ike.
Furthernnre as the aforenentioned organic silicon

conpdenein R Rit, R'&RE, RIAR” Rivch &*omay be yied same o Hifesmeand each
represented by the follown l;&I\P‘Igeneral formula (111) can

repreﬁer&sbleomge'da, Qelt SHRCERECARE ) @szeﬁeogmhabgymtom R, R®
% 2NR23 wher ein R15, R18, R19, R2' and
and R?e ﬁ@fﬁeﬁ?é E%Fﬁ@t nd %WréP@ﬁ?”taﬁd"e‘H&pre ﬁr‘%é‘% mt@er of

1 or?ap 6%3'?1'“2691?“39%?n %@\d 13:8 CFZ%%&%W@@%%E% S‘lfe is an fnteger

| bet\fr}{éefnf 1951%16 L‘%Q%n%&% %M%%ﬁéﬁdnﬁ‘g@ a(?{)mf%g?g‘eréegﬁ 8 a%g%nn is
an n"?te%)ér ls'@'t‘wééﬁ § Qﬁfi BbSﬁd"@ en_frandsss c@gﬁecreiﬂnat %@c{gor more § Si-A

ween 1 and 6; s an i nteger t ween
bon@UnitN vAER&in @Eﬁeﬁ%@nﬁ W@H 8OCMHJ.S or a halogen atom and may be the
. same or dlfferent within a single molecule) are included.

Specific examples thereof include cyclic silaza’ne compounds such as
1,2,3,4,5,6-hexamethylcyclotrisitazane,
1 ,3,5',7-tetraethyl-2,4,6,8-tetra methylcyclotetrasilazane,
1,2,3-triethyl-2,4,6-triethylcyclotrisilazane and the like.

When the aforementioned organic silicon compound is used for modifying the

porous film of the present invention, it may be used singly or in combination of two-or

more kinds selected from a cycllc siloxane represented by the general formula (1),
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an integer between 0 and 8 and 3 L+mtn 8; and wherein
.at least two or nore Si-A bond units (wherein A
represents H OH OCeH2E+1 or a hal ogen at om and may
be the sanme or different within a single nolecule)
are included. Specific exanples thereof include cyclic
si |l azane conpounds such as

1 2,3,4,5, 6- hexanethylcyclotrisiIazane

tetraet

orgm‘g{: ﬁ@i:%g,(&qra?c@{npg'épreggrgﬁg by the general formula (il) and a cyclic silazane
th 4 6-1 t | ot |

renfeefutali it BHe S bk X Shbed Bl o ERPeRTst e

ge'ﬁeﬁa\}goﬁrﬁ*?' @rlsp%%rgg[l ng the porous filmof the present

Be used singly or in conbination of

LW fe oo g?glkth? %ﬁroﬁg lflf?:%/ﬁlq ﬁer@@ggmgﬁ:édn‘fc scil'fgﬂ)%%ﬂlgound can

represente € genera OTITU

be m?dridb&t@& uﬁe&p@ht;mh PRI AR5 bYa hhe eJtﬁB?ﬁk%FénMeP the

cyclic silazane repre ent by t he genera

 contaet dtmehd ik lchrrie@out |h%3@;md&bh%¥§|dn°or Hl@gtﬂﬂa@}t R HRIREE A the
by the general formula (I') is preferable. Thé contact

treathetth eApanaargaiic Isoivehit Whith &ah Gee@RidN ¢heps Ganive Sidmphifidd, for
conpound can be conducted under a liquid phase

exaatpen sishieole such s rgethandi catlearal, meEphy alsohdieoprbiy alcohol and the
contact treatment is carried out in a |liquid phase, an

likeprehens sush) ardicthlyetber, udiettlyleoe glysel dimetayimetier, Ad-cioxane,

ani c. solvent which can be used, there can be
tetfwgfﬁéwraﬂ e ther Iie; arék%lhﬁﬂeé sugll avhriIzene delcas xens an@the like.
al cohol , i sopropyl al cohol and th

| Whm {ﬁé;coeiaﬁ&r%t@aﬁws 53migrl grHip EnergrRnC salesk e mentﬁtpeaf the
R TR R P R
Coneg}qrawﬁcéﬁ K8 em H}gg,g@ the contact treatnent is carried

I'n an organi ¢ Sol vent, the concentration of the

f or IR THe %BH@BﬂtFéa%héthQEhrﬁmwgﬁb§ phfte, ﬂ'%rfBr'egUin@ro@énic

restricted and any arbitrary concentration can

' silicepbrap&hd MbePe dited Qi §8s. Ad Salindds wificte 8dr et eRUthetdtan

a gas phase, the foregoing organic silicon conpound
be examplifeddior skartple) dihnigagen, Asgoti hydlrogieh &% Ml ELrtkain&8ad of

used, there can be exenplified, for exanple, air,
dlluimg\mtigmws theer epogct tryalrr@gtamambetchmeu|olueund'emmdwed pressure. As

i nstead of
for an atmosphere, in a gas phase atmosphere is preferable as the recovery of the
solvent or the dry process is not required. When an organic silicon compound is diluted _
with gas, the concentration of the organic silicon cbmpound is not particularly restricted
asfarasitis not Ieés than 0.1 vol%. Further, gas containing an organic sificon compound -
which is arbitrarily diluted may be contacted therewith while air is-permeating, may be
contacted therewith while gas is recycling or may be contacted therewith at a state that it
is sealed in an airtight vessel.

The temperature for a thermal treatment of a porous film and the foregoing

organic silicon compound is preferably in the range of 100 to 600°C and more preferably

in the range of 300 to 450°C. Any method of heating may be good as far as the .
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diluting with gas, the contact treatnent may be
carried out under reduced pressure. As for an
atnosphere, in a gas phase atnosphere is preferable as
the recovery of the solvent or the dry process is not
requi red. When an organic silicon conpound is diluted

with gas, the concentration of the organic silicon
conmpound is not particularly restricted as far as it

not l.ess than 0.1 vol % Further, gas.containin

ten{ﬂebaéwe@fg SHPYIGHE ‘aﬂﬁﬁﬂﬂam'r\ﬁﬁlt@@ﬁ@y’ gg’ [S7RRRIE; lF%}“Qﬁ F"Qltta%nﬁie or
d h ,
A AL B BTG T g
d .
vl A8 e I Efbe0uf i) 8l karing g o
treétnxgﬁf@lne%rqﬁlidﬁé}} b {heate@%rgﬂﬁ lf'nl.i %%ﬁgeé I%S rgécﬁgﬂ'c%gs?d by

silicon ¢

higIJrQ&'nEQra.ﬁpQGc:@ur}g Y p{éﬁﬁ%ﬁﬂgl ’BfeatHé HE% 8@5?% ?igra%g(—g‘fectlve

Any et hod 0 eating may e go _
mahie, Zhel RN UhSy B S%Wﬁ@té@hﬁ t&% RfpBRGHE %rntﬁg thermal
uni form'y, for exanple, uUsing a hot plate or

treztment rOcwher thaaempédaturg forelthdid treainint i Ms\ﬁéﬁtharcm@d;ak;mmg
When the tenperature for a thermal treatnent is

tempetatir, the@orcasdien ndydet peirpesreétiiiog phere Ireaghig thdmperature for
proceedi ng of the thermal treatnent is never hindered

a tl’l@ymalﬁeealtreaqﬁeat attimee 180l nocpantiaikzs ipratiiéres areepeced c Jbs dtermal

by high tenperature occurs. Thus, the thernal

treatm@&ft @ﬁﬁhbe @afrﬁ'eﬂr%lééléblseiqne@ﬂy efter waloining theaparevs filthe The time
S Immay be slowy heated up to the tenperature

req'F“Befd {‘Jﬁﬁ@ ?‘ﬁ@?%faatrﬂ?@e&f%@m@s filrgrae Wﬁéo'ieéﬁ'ﬁér‘)ﬂ%ﬂ“é silicon

egl ment ower than the c

con?pénHBa IJ%H ﬁ‘?rgn iiehoéan ing and th? ?rpmm t%'gpegatlurq rl?ugﬁ usuallly%kes for
so BB 6 40B0N 8 P Rray RO Bt e 8124 Rl e ar e
exloeiﬁttr%jpreg artv@ﬁlrcmalt e hgﬁlﬁi) %@ﬁg%@d?ﬁﬁ]b&%ﬂ%‘ strength

subsequent ter ca Cl n

 areBhBKidred tcfm mﬂwré\}é@rdﬁhlybﬁrﬁﬂst @B Bonaf aldignd! @F&MSNH:&H Blpresent
: and the foregoing organic silicon conpound is

on thef duefaeatof dep padus gilrd minti iRe Foregding PrganiiTBiRcoRt tirfpoudd! The
it usually takes for several mnutes to 40 hours and

silapel efreumais gereally Poesenhob ¢ise surfi4é dfcupsrous filn heinly @agng Si-O
_ i nvention, the hydrophobic property and the nechanical
bongg.r @rp@ﬂwulaamer:@@méa@ema filmp mgayiofrpilepokatows aib prasentwithin.its -

reaction of a silanol group which is present o
pores. By introducing a hydrophobicgroup, it is possible to reduce the number of silanol

groups. In the thermal treatment up to 600°C, however, it is difficult to completely
- remove the silanol grcjups. When the temperature for a thermal treatment is increased,
dehydratioh further prdceeds so that the number of silanol groups is reduced. Therefore,
addition of water to a porous film increases the number of silénol groups by' the
hydrolysis so that the organic silicon compound can easily react with it. So, such addition
is desirable for the modification treatment for imprm)ing the hydrophobic property and the
mechanical strength.

For the reasons described above, when the porous film is brought into contact
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on the surface of the porous filmand the. foregoing
organic silicon conpound. The silanol group is
general |y present on the surface of a porous film
mai nl.y having Si-O bonds. In particular, in case of a
porous film many of silanol. groups are present
within.its pores. By introducing a hydrophobic group,

- it is possible to reduce the nunber of sil anol -

In.the therma r eat to 600C, howeve
.W'“‘qtth‘% EVQEPPfﬁ"PHPt°°W°HB‘$rﬁf’%t"é‘? Ga %"”ieﬂ 'Téqylbaﬁhﬁﬁ‘”'ed out by

o el Il P54 B B LR o e
kind gFaRH ?\[c s(ﬂ le é;r E%nug&vﬂ%ﬁ?s bl?)uélﬁlﬁ”féeghtggg\gﬁf&g;?drous film.

O a porous

Hoﬁwefn 9f a§'6t‘%§8| it 9§ ?Vé%érag e rlaxge( Ah¥sd Q?ﬁ)m‘%ttpathe partial

orga c 'sifTrcon onpou can easily r

 pres¥ure DHEBmAGIES td 05 kPhS WRSH rﬂﬁ@ |r£19f90¥10 ot A6aifiRfibh ineath is free

treatment for 1nproving the hydrophobic property an
frorh fad |ﬁ1ﬂ.@h@€é gadh fHaf BRYERecthAight Aet HORHORTANES ol res wéa%er is

above, - when the porous filmis brought into contact

addeidtamdtihe poregstiicturs imight ®e dotiagsed técalidecofies infuck alaten Fu rther,
\ treatment may be carried out by addition of water.

- the Téreperaturn for aflditien eff watddisahot panicwargyr legtridtetlersrfainait is not more
according to the ki nd of an organic silicon conpound
thantihe Imaoyorbrtm@meturmt dheonethed ofiatditiomds polr particiflariyntestricted.
However, in a gas phase, it is preferably in the range
HO\‘&%W e% pﬁ) ﬁ@ifﬂgblff dh@th‘@atﬁ'él'& pdded brfakes sordacdwithy i cag@!ac tsicon

h h
oo ot s GPbAEEAHPY Bgv&réwradmﬂﬁﬁg%%] hpe e Sutace of
v T e PERL L AT e o5 o B o oo
eﬁe{—;ﬁ\% ){I\Ia%g}eg\@itﬁ{ e‘_ﬁ,ggﬁ[?g{,cqn Jegperature for addition

restricted as far as it

I's Nl JBWBed R0 e H&BGE iHRR ik %G'BJ%EﬂdJ%ethem fRihest by

of addition is not particularly restricted However,

bringing iBinky erRiR RNt thé Rlrey@h@brdadicasived cB@rb@urﬁj GRRERAFE Improvmg
with' the organic silicon conpound. In this case, a

the hgaipholsic peoperty emdths methamiealadtieagthpl ia&ecdriziierddnibat a film is
surface of the film because water is not present in
formettorgatdegsha part of3be sufaserhydi reactanticompdsing bry of the organic silicon
' effectively treated with the organic silicon conpound. .
COMROUAEG £aCH B sudace ofeheBerous fim and bendedpyibdbe serface, other

therpal treatnent by
organic silicon compound polymerized thereto, or an arganic silicon compound that is

polymerized. As a result, it is considered that not only the hydrophobic property is
~ exhibited, but also the mechanical strength is improved. The surfacé of the porous film
mentioned hérein refers to not only the outer surface of the film, but also the surface
inside the pore. |

The modification reaction mechaniém of the porous film according to the
present in_vention is nof cleér. Howevef, incase ofa siliéa film, a silanol group on the fitm
-' surface and an organic silicon compound are bonded. The organic silicon cofnpound

bonded with the surface is reacted {polymerized) with the organic silicon compound so
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e corr%emrﬁ

bringing it into contact with the foregoing organic
silicon conpound, thereby inproving the hydrophobic
property and the mechanical strength. It is.
considered that a filmis forned on at |east a part of
the surface by a reactant .conprising any of the
organic silicon conpound reacted on the surface of
- the porous filmand bonded with the surface, other
ni c S|I|con conmpound pol ynmeri Zzed thereto, or an
fhab?%ﬁ a@eﬁqw%dsmuﬁa thimAN PYanisiisrR coERRUNAgoRged to a

i bty e AT i R bR PSS

 oeniBe s b SR e Pan T HBE 3f etk 0&%""26? Slighicaigound
is C%SIM}Sd E(# folhn L8thuchls fid R{ rgfﬁﬁégﬁ?he L 'cg ﬁ\lé BI(R %Fs%f opafino.

I'cat1on reactl ani SW]O

whl%QHé’FégbféQ otr&rﬁ&@llco Sr?h?Bfmd Ig\éﬁﬁ%ldé?@d {oTomPL bﬁ&%ﬁ%structure like

However, 1 n”case o a srlano

a cdlth}ﬁn Wlthﬂ‘_f_)%%sf [RgaRE bS8 NSRS &F s8ldrhGn §WML@I sﬁructure

bonded he organic silicon conmpound bon

 to bedsrhRgiaviitin peras isssbneideredmdt bAIg &) exMitiithe REArBPBEHRE Sroperty and
silicon conpound so 27 that a siloxane polyner is

but gilsavio. coRdriltule o esttibitsrg afnthe Siebhanioal edene NEhib® Rees nbObeen
a silanol group on the other surface or the sil oxane
conp@yitipnally inowsxpect ed to be bonded. Wien this reaction
‘happens within pores, the reacted organic silicon
conﬁ@&ﬁ@lnghs thi® rrsictient Berdsdofrovased osttheisurtiace Withie pores of the
railing on the surface within pores for coating,

fimTpide ons & Raterele ma@arﬁatalsgsi dpesoPpt cmpgiith the supplied organic
d d f ik
AT KR R STl
oy PSR 154 S el B s
r‘t‘iEulQ#lysﬂﬁﬁé’r ncéj&ﬁé Ik& WhStst u?th%gsm'(mstﬁ'lrﬂ NH8lvever,

he necﬁanlca streng

whecs]@aeﬁélpét%alnhétalka Adtal rédRERE H M@l \km(brﬁcaﬁéég bh %rér%%%dﬁ the
to proceed on the surface within pores of the

relafiee plammittvityi df thé fili.eBey gl wotideaiatie.C Thakisd, idRaHPONt that a
coexist with the supplied organic silicon conmpound at
thermat éepizent Us eaofedf ownwitt@dt Lising 0D Grdtalr cataipdt| fon thea modification
' thernal treatment. Particularly; it is not preferable

: treatm@toéth@ﬂgs%tnve@hqmsed together with an organic

silicon '
However, in the conventlonal hydrophoblt:lty method using a silylating agent in

.‘ addition to the organic s:llcon compound, for exampfe hexamethyldlsnazane (HMDS)
- as silanol groups on the film surface are changed just mto trimethylsilyl groups

' remarkable improvement of the mechanical strength of the film itself can not be expected.
~ Forthis reéson, it .is difficult to use a silané compbund asa sily'lating agent that has been
used for the convention.al hydrophobidity, as a 'reinforcihg agent. Accordingly,‘it is
desirable that an organic silicon compound as a mbdifie.r forms bonds on the film surface

alone, and the modifier itself does not cause a decomposition reaction or the like and can

maintain its skeleton.

28



~conmpound. It does not particularly matter if a

catal yst exists in the porous film However, when a
catalyst is a netal, a netal remains in the film

whi ch causes an increase in the relative pernmttivity
of the film:So, it is not desirable. Therefore, it is
inportant that a thermal treatnent is carried out.
vvithout using a netal . cat aI yst for t he rmd'ifi cati on

reat ment of t he resent vent i on,
convaR BIaBRIs SiRgn FRBRGELISEY Torh B ieaRg | t@agwrypgme,péesem

@ BR ek e & s o Hugr‘frv%}e?n epioes e ESTRCK N gr co

R f?éf.%%ﬁifﬁ%”dn{le o Rt SR TG “eae’?rgﬁer%@ewkf& ) apfigo or
mo%i%?&@qmltgg\xﬁ%}gﬁlm rgéreggﬁts“ #Jml ?ef1 oqgﬁrtarbg)%n Q%m and may

expecte I'S reason I CcU

be fid &ife %?'Eﬁ%\'@’rﬁ vithirPa $ g?g ﬁb!e@gleag%tan |H@bemt?e°tw95’?‘? and 6).

- used for conventi on rophobi city,
ThérEfofd, Db tAE hf@8Piobicsieeerel aﬂﬂ!' tMe rﬁebhéarﬁca[ g@éﬁgﬁi@@érﬁ‘b& ‘ﬂgﬁoved.
- an organic silicon conpound as a nodifier forns

on tXes hbl parBeldrBCRstriole@nss fanae it i estrangl fdoased tdsel éven in a
does not cause a deconposition reaction or the like

theanal treatmentaCotsdering thaat alpeteisditm madhhyinasBigabowdssKlig preferably
conpound used for the nodification treatnment of the

O. pFedhanmors, riveratdrerfrdnad tné SieX-Biobend &ﬁ@(mSordbortdlmmove the
(wherein X represents 0, NR CnH21 or C6H4;

hydrf@}hﬁ@@emog’er@nqzmime arecherisal ﬁtrergtrarﬁhomr@geﬁemt vicem 2 to 4

and two or _nore Si-A bond unjts

 corinufadl Fonder ikesthe vinfirre R £ e b S-S |

porf Pt . MG oralerebie Ce R i g S A" bBnd UB'i€ ot
rtTo.l,]ﬁ frggtﬁf:tegg%?ara{gqt rg g{%@%%% pr Operty and t he

nirca foved. X-is not

ar t(D@He a%- lﬁ\?boﬁﬁ%hﬁé & ﬁdno"i‘ra uhis ]srr%s‘parrllic:u'leﬁ‘!r\]/%tréf%ro%\g|ey Jhe.organic

even 1 n a hermal treatne nsi n

srlrcbhafcor@rp%ﬁcp%rrﬁé | SR Bl Ythﬁafiea%taop PARdyateX iwhich causes a
preferably 0. Furthernbre, there are from'l to 6

deh$tiro¥oimienastioh reattion with diéeheIH bupsPnake chseof Si-H, a dehydratr_on
~ hydr ophobi c property and the nechani cal strength,.

. canshacm’engiiretﬁtfyewiﬂsSi -GHgresent on4he swfdden u%ru‘etg;anbcnﬂhbed compound

'~ Si-X-Si bond units are preferable and cyclically

havingrade@H grour-figim the daginning niaydediseds Boyeedreinitis ease, because of

Further, the nunber of the SI-A bond unit is not
high reagctivity, the ratio of such a compound that is diffused into pores and reacts with

the wall is reduced. Reactivity is, when A is ‘hydrogen, an alkoxy group or a halogen
atom, in the order of a halogen atom > an alkoxy group > hydrogen. |

As for an organic silicon compound having a Si-A bond unit, it is preferable th_ét

the t;oiling point is low, it is eesy to handle and it is easy to diffuse due to little steric

hindrance. When A is a halogen atom, A becomes easily reactive. As described above,

| the ratio of a halogen atom that is diffused into pores and reacts with the wall is reduced.

In addition, when A is an alkoxy group (OR), it is considered that diffusion into

mesopores is slow and alcohol generated by the reaction interacts with water, thereby
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particularly restricted as far as it is not |ess than
2. OF the Si-A bond units, Si-H bond units are
particularly preferable. The organic "-silicon conmpound
forms' Si-CH by the reaction with water, which causes a
dehydrocondensati on reacti.on with ot her OH groups. In
.the case of Si-H, a dehydration can happen directly
with Si-OH present on the surface. An organic silicon

conpoun avi ng.an OH group fromthe beginnin be
Prel SRS SR e At Wl Waisge o bR e BPTARRg A, of S-A bond
' tivity, the ratio suc ound 't hat
unify Bkl RorsnaeRidhg 2t STRRTvHio TR tRphiestaf the present
qduced Reactivity is, when A'is hydrogen, an al koxy
mwa?'(?[]p or a hal ogen atom in the order of a hal ogen

at onh?héagre%rlﬁq a \7 n orlgésdﬂh% %8 Ij@gl&tfﬁ‘%rthe e |f|g§ porous film

I con

| whieﬁ é%{c tﬂirﬁ irt @@th(ydlrogﬁ east/) otpgﬂyé Q?(# e r’néu aﬂtﬁ’al :%t?entbﬁ gy Me ina

use

stat%td? Eélﬁsuﬁﬁoﬂﬂfgalﬂﬁ Br a YORNNA d ﬁ?mqs ﬁ%@@@ﬁ‘t {QBRtrefe P

easily reactive. As described above, e ratio o

aftdh dheperauFimimst thatted Witk sragsic 'slﬁb@n B&hﬁ@urﬂn fo "[r%@lglb§ such as
with the wall is reduced. In addition, when Ais an

contdrhinationg colopng 6RNe likd otcurCc Thas, Geeach ﬁfahfsbalféhf bnsisPldeded, the
into mesopores is slow and al cohol generated by the
_porpgsaiiimi aan henisedacts with water, 'thereby 29 preventing
Si-OR fromreacting with vvater Fromthe
af orleriee presestinyentios, thef hyGrepiobisrefoperi ofsthe oRiusHiliboren be
- uynit is considered the nost effective to nmeet the
CONSB?%PVOWG@%INEHB@erﬁ{at'\fﬁ> RESAIVN.  Havipgchigh selative permittivity

R 0l T e 5.
h o 0

R 08 8 B B e o
) reiaiti§é ﬁ%ﬁﬁ? 3 flteatﬁt?lﬁg%ﬂ 6&(@% ﬂ;: b6 6T A0 Sum %éétr%deg B formed

- por ous I'mis ted wt eorgancs

“on $RREHAS of e Mr&ﬁ%lﬁ?o&%‘o@% sUPraBL 3fh %Eb@%afé?(gngrthé‘%ack
or. the like occur. Thus, when a transparent one iIs

surfaeeditle sliben warer attdrding 10 B8 Napsr dépBsitiord Methda. pr esent
' i nvention, the hydrophobic property of the porous film

can Fuethemaré | thereechanicat asengtingr thé poroeas filtri ofehe present invention
permttivity. Having high relative permttivity
is confirmed by measuring the elastic modulus of the film using nanoindenier.
Nanoindenter measurement of the present invention was carried out using the
Triboscope system manufactured by Hysitron Inc. |
The modified porous film according to the present invention is excellent both in
the hydrophobic property and_ the mechanical strength so that it can be used for optical
and electronic materials such as interlayer insulating film, molecular recording medium,
_ transparent conductive film, solid electrolyte, optical waveguide, LCD c¢olor member ana
the like. In particular, an interlayer insulating film as a .semiconddctor material is requilred

to have strength, heat resistance and low permittivity, to which therefore the porous film

obtained according to the present invention théat.is excellent in the hydrophobic property
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. for feaaippd Becultvitife BUBSRIeni) L&Y AR @S SBnip

i ndi cates insufficiency of the hydrophobic property.
‘The relative permttivity can be neasured according
to the conventional nethod at 25C under an at nosphere
of 50% relative humdity, at a frequency of 100 kHz.
To do so, alum numelectrodes are formed on the
surface of the porous film fornmed on a surface of a
silicon wafer and the back surface of the silicon

o P8 b B8 B e SB0  ESDTBAesonucr
el .l 55 SRR, MR, oiGB BETER Dy be propares
nc RO hers RSB SNBSS Bl b5 e i con

be %éﬁfﬁmgomﬁg%mf actured by Hysitron Inc. The

por ous m accordi ng to the present
| NV et Ofh eRarfpie &r! ‘ ' r i i
property .andz_:I t %[e%rreagghganplliégﬁhcgdt?_rdgggt@hdg}sf‘_g tﬁ Era}?éqlffedc%or{pﬁsef'lm
accufith toahe prRbbMahvenBtilag bR s RYLFinERARIY fith Is 84Khb&Pin detail.

interlayer insulating film nolecular recordi ng

medi Rirst of dlif andesribed alseveds ebiove fifnh IsTorml drth surface of a silicon

el ectrol yte, optical waveguide, LCD color nenber and
wafeh & fidkeus fllm ipapught intacontast withttier fossgengionganiedilicds cbimbbund

as a sem conductor material is required to have -
for modifipafion; Theatthe sxidifiedrocousfimlinpatieened byt phatongsist and etche

which therefore the porous film obtained according to
-accpidingyip dag pattsriy After mmaving Photoresiste pIbarvier ifitin comprising titanium

" .0ophobi c pr.oper 30 and the nechani cal strength
it R bt atpier 5 kessipaned onieisptace of ihe porous fim
' uctor materials with |ow perm{tivi o
 and 3 sFRENS ofohed FRREUY § otrphesa WoNB Mekofy Ay bat a copper
il - i t_i i it 1s possible to :
imEREEA B9a' il TRPRESEN. o B Mndd o5, 095 Bi o oa
and 38R GRRANSSRY oyl BRSs rdifded nﬁ?s?‘g@é’ f - ishi
sem conduct g{cdg)gvi ce ﬁé. ng the nodifi e@C%oM%CngF?H l?ﬁjhsm_ng)
: _ \ _ _ : & filRY &mprising
insulating filmis described in detail. irst of all, ,
silicars cebite) iidfimad anehe audace UBufthdrad fequbedredhad Mask film (for
- surface of a silicon wafer, the porous filmis brought:
. exainplep adibntcagwpriging Isilicere nitristed goofong e d mge midtilsyjdréd: by repeating the
.. _conmpound for nodification. Then, the nodified porous
aforgmneRiiqngd pseaess.n dbe HiuspHizibed §insis segaented e demizonduadmapips
to the pattern. After renoving photoresist, a barrier
and fmeynted,v9 & ge]c_h@gq.i { By, @h$emiconductor device according to the present

invention can be produced.

EXAMPLES
Th(e' present invention is now more Spéciﬁcally illustrated below with reference
- to Examples. The present invention is not limited to these Examples.
| Incidentally, the following samples were used in Exémples and Comparative
Examples. |

~ Tetraethoxysilane (TEOS):_ EL Grade, Si {OC;Hs)4, manufactured by Kojundo

31



nitride (TiN), tantalumnitride (TaN)- or the like is
- formed on the surface of the porous film and the
- surface of etched portion by a gas-phase growh
nmet hod. After that, a copper filmis forned by a netal
‘CVD nethod, a sputtering nmethod or an electroplating
met hod and then unnecessary copper filmis renoved by
CWP (Chemical Mechanical Polishing) for formng a

circ bsequently, a cap film (for exanple,
Ch%{mf’?ﬂﬁi’e%nf%}‘?:gl' * silicon carbide) is for rred on the

o ar o oot B E3epdL Psher P e e s

dand mul til ayered by repeating the aforenentioned
process. The thus-obtained fitmis segmented to
Sem fRAER" Gl Ror PR HUE S BhdicPBF RAG: PlUBherical
semi conduct or devi.ce accor gto t e present

IndhiiN&Ntjgon can be produced. EXAI\/PLES The present
invention is now nore specifically illustrated bel ow

W t FPdighiRyIens exide) Exaer|epelyrhBe DeReRNized e Ndighing F0g of
not limted to these Exanples. Incidentally, the

HO{GCHJObiAb)agCH CHIICER ) Ol GHICH D) H  BRlargmicesPta8) manufactured by
Conpar ative Exanples. Tetraethoxysilane (TECS): EL

- BAS jadiesoh@ng it OCZHE)of ethaank fatjeaiing thebrgsidong  salatichio ion exchange

- Chemical Laboratory Co., Ltd. Ethanol: For electronic .
usincn o deriy exehangedigsin @‘K1%i<)dnmtf@:t@hérhmblllpppndﬁgiaui &9;, and

Ltd. Hydrochloric acid: For trace ana|_?/ roduct
remgyingaibansl by difbilationl  HOGLEH@ko(Ghzg! (GHB)Q()rai Céta@)rosH
.d b I Denet al | b 70
(PUEIE P G BH0) 20( OLBe feﬁé?ee)am'(z £+20) 2CHABR ut o e

HOE?’%%#&@@@%%?F‘%@%%WE@ g oot oo MR ﬂf@da

Cheq.ﬁ,gg]s gﬁj gge@gh%g bie %eqkfeqhange resin (SKIBH)

manu I ppon nsul ., and .renoving
et hanggby- hyerﬁ’éﬁﬁltéd At a water rlcf:ilglezatlon %stem manufactured by

- HO(CH2CH20) 106( CH2CH(
_Millipore Corp.
N,N-dirﬁethylacetamide: For electronic industry, é product of Kanto Kagaku
1,3,5,7-tetramethylcyclotetrasiloxane: a product of AZmax Co.
Tridecafluoro-'f,1,2,2-tetrahydrooctyl-1-trietﬁyoxysi!ane: A product of Tokyo
Kasei Kogyo Co., Ltd., CF4(CF2)sCH,CH,SI(OC,Hs)s | |
2-(methoxy(polyethyleneoxy)propytitrimethylsilane: A product of AZmax Co.,
CH3O(CH,CH;0)6-5(CH2)sSi(OCH)s : |
Methyltriethoxysilane: A product of Tokyo Kasei Kogyo | Co., Lid,
CH3Si(OC2Hs)3
‘i,,'l,3,3,5,5Lhexaméthyltrisiloxane:. A product of AZmax Co,
(CHa)zHSEOSi(CH3)ZOSi(CHs)zH

Example 1

32



(Pluronic F127, manufactured by BASF) and

HO( CH2CH20) 39( C2HACH( CH3) O) 47( CH2CH20) 39H (a product

of . Mtsui Takeda Chemicals, Inc.): Denetallized for
use as well. Water: Denetallized water by a water
purification system manufactured by M Iipore Corp.

N, N- di net hyl acet am de: For electronic industry, a
product of Kanto Kagaku 1,3,5,7-tetra

met hyl cycl ot etrasi | oxane: a product of AZmax Co
Tridecafluoro-1, 1, 2, 2-tetrahydrooctyl -1-triethyoxysila

CF?((%%HE féi T%&%’%EI (ﬁg?ygol)%ZEQOL} . rod t of

Xgrrah% @eoﬁ(%eﬁ'@%@d {% Qg %Y‘@r mixed” room
-_ tem@a‘il}’r%t Thé&d, *?%ghﬁ(% QS%ErOWH%/dI%EhIgﬂJ%&d @%eédd‘éi? B Rowed
by é’nn;lrngj3 3(2 $mL5 ?gﬁ%ﬁaots@é—%%eg &%@Bgllfﬁie%xtgﬁﬁﬁhep&gﬁ@a% the

soll.(tBh e@%@éf‘ WatePlvad a606d, ifaibwaal Bt 4tPing. 1ﬂ tingp&Ent homogeneous
tetraet hoxysi | ane and 10 nmlL of ethanol were mxed at a -

coalifpsoiutiohr iRy ¢bitaingd. Then, to the mixture, 1.0 nL of 1-N
hydrochl oric acid mas_added, followed by stirring. 40
mL of ethanol was added thereto, followed by further
stirring. To the solution, 8 nL of water was added,

f ol |(Biepdratiby oba Film) ng. A transparent honbgeneous
coating solution was obtained. (Preparation of a Film
' Sev Seyerahinl rérpepltsaféhaﬂrepaf@d 9@@@9@@@“@@9{3@@@@%@ wace of
| aced, on a surface of inch silicon wafe

an %W&h Pﬁ@nﬁ‘f"?fﬁb GRd ke @ll'co\'ﬂlél‘éafq’rd'i’aét r@@te& at2, %pmﬁf t Q)FeGPUdS to
coaf fErPLftRes S Eisnn e A Beihat o gt v driet i Hoo et an

hour and further calcined at 400°C for 3 hours to prepare a porous film.

(Modification of a Porous Film)

‘A quarts reactor was chérged with the porous fiIﬁ'l obtained as described above
and allowéd to stand for 30 minutes at a temperature of 400°C under a nitrogen
- atmosphere of 500 mL/min. Then, nitrdgen passes through in a 25°C evaporator
chargéd with 1,3,5,7-tetramethylcyclotetrasiloxane as an 'organic silicon compound and
1,3,5,7-tetramethylcyclotetrasiloxane was introduced along with nitrogen into the reactor.
. Afteran hour, introduction of 1 ,3,5,7-tetramethylcyclotetrasiloxane was stopped and the
reactorwas cooled down to 30°C under a nitrogen atmosp.here of 500 mL/min to obtain a
modified po.rous fi'im. The average pore diameter of the porous film was 1.5 nm. The
' avérage pore diameter was measured by the nitrogen édsorption method under a liquid
nitrogen temperature -(77K) using Autosorb-3B type (manufactured by Quantachrome

Instruments), i.e., a 3-sample fully automatic gas adsorption apparatus.
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hour and further cal cined at 400C for 3 hours to
prepare a porous film (Mdification of a Porous Film
A quarts reactor was charged with the porous film
obt ai ned as descri bed above and allowed to stand for
30 mnutes at a tenperature of 400C under a nitrogen
at nosphere of 500 nL/m n. Then, nitrogen passes
through in a 25C. evaporator charged with

1 Ui BlsrbubRshEP el N R0 BidsiE Modiiag & an oreanie.

LNt roduc

3BTl BRI S BbEhEE PolteiBhRe f%%cu eRSuEd ot 25°C
i i , 7= J il

oA APERAGR F okl B L BVl 1 By 9508Roe o

-_409@6’,&?\( gg@ btfﬁrf?%a?nl%%?nﬁégﬁ%@ bgg c%%kfﬁhm-emeg? ARt '?? gg 50,

modi por ous e average pore dianmeter of

aluRR RS ectfddeBWRRS fokmad Bfa diMBice BY 8 RAFUSFIh FortHeanER %Eubsgate

was neasured by the nitrogen adsorption nmethod under
and| thgWadk sDifhdePORA HROW NafdrUised (a6 /A substiand b $4307 ¢ Bosition
type (manufactured by Quantachrone Instrunments), =
‘methoe to haveZ satpingulating fimssilcomahaétsl gastuasisor pti on
apparatus. 33 (Measurenent of Permttivity and Elastic
Modulhess)asiib enodeluaof the ppeusifitt was teasered bp hanokettntar asing the
_electric capacity nmeasured at 28C wunder an at nosphere
Tribggcopgosystemampnastureiddiytysitien lac.f r equency of 100 kHz,
' in the range of -40V .to 40V and a filmthickness .
neadiite@latye Persitivily 4 alaslic prABS meastred s the pemus film

obidlg RO e 5F et 108 TSR 31 % PRIRYS{Ha e n Table 1
surface of a silicon wafer used as a substrate by the
vapor deposition nethod to have a netal-insulating
fil Bshlolcon-netal structure. The el astic nodul us of
t he por 8us filmwas neasured by nanoi ndenter using the
Tri ROICQPsr RYBEABKYERM 3RH U kDY Biinbl GRrd PrﬁxedTgte? room

relative permttivity and el astic nodul us neasure or
températuper oTisert, ith The Qhikiird) €Zi8 R bP pelyadIElIdet 8%ide) block copolymer
“nodification treatnent of the porous filmare shown in
(Pluticardid B123, rixraufadtered bi(BASK) ®id 4 edlutet Hisxglesd an® mamd effanol
L of ethanol were m xed at a room . :
were added, followed by stirring. To the solution, 8 mL of water was added, followed by

stirring. A transparent homogenequs coating so!ution was obtained. _
A porous film was prepared in the same rﬁanner as in Example 1. As a resuli of
- X-ray diffractometry, tﬁe _pofous film. was found to retain a periodic 2b—he’xagdnal
strur;ture having area intervals of 7.0 nm. Also, the average pore diameter of the porous
fitm was 5.8 nm. Next, modification was carried out in the same manner as in Example 1.
fhe relatiQe permittivity r_:;nd elastic modulus measured for the porous film

obtained before and after modification treatment are shown in Table 1.

Exampie 3

10.0 g of tetraethoxysilane and 10 mL of ethanol were mixed at a room
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tenperature. Then, to'the mxture, 2.8 g of

~pol y(al kyl ene .oxi de) bl ock copol yner (Pluronic P123,
‘manuf actured by BASF) and a sol ution dissolved in 40
nm. of ethanol were added, followed by stirring. To
the solution, 8 nL of water was added, followed by
stirring. A transparent honogeneous coating solution
was obt ai ned. A porous filmwas prepared in the sane

'te”ﬁ'%?ﬁq&%cﬁi‘ﬁ%ﬁp ea@qﬁ‘@?%ﬁk%ﬁi qi f\fnsif?!ﬁch%aﬁé&[@aysr%qfiéﬂnfoﬁowed

o A R, A 0 B B0 o
R ATHIE RS T S
2—(%%@*3}(“}&&@@#!%& b e!g %Pﬂggmg h?% e @E opgtﬁgrlﬂl G2rd Rlixed,

ore an

| follm Ey SRR rHeh et@ttﬁ'gemxtlﬁg ;De o L ?ﬁ I\l—rﬁ)mr ?Horlc%&ﬁJWé@ad%ed

0 g of tetraethoxysi et han

'-fonmoe byl &Rshat @(Bp@mn BndrRNRMtRhUNSs obfRfiibd. tq:drt'ﬂsr 2.9 g of
m xture, 1.0 nL of hydrochl ori c acid was added,

~ polf(akylonedxidbyblsik crorpbnrgneremp(oahctc(ﬁnmm'ﬂakea@ |0hbhﬁb’ai§/\/4ﬁc: ) was
obt ai ned. Further, 0.13 g of

disgohieddic 36 mjmfethhndt 1@ pBtatred (Gllopetponeitityblufiet.r Teethl ¢8 y&orhgohent
e, 0.14 2- (et hoxy( pol yet hyl ene

SOM@Pd@)‘Bp{Bgpgmmfraﬂhewlht}dfswasaaédmhtﬂ)lfm@rediby(stlrrmghﬁublsemmnﬂy,

_ followed by stirring. Then, to the m xture,

mixgg e@s@ofh‘af the (¢) %WG?@@%’II@PF and (B )romponertcelution was added to

t | ut
the (B} somBeneT - spbin Ao Ky i T iy paiono B Mk ot Matgrives
tsui Takeda Chem cal s

s BBl VBBl S e P Sjagobiifed.

| COW@?%E‘SSJEJSE%&%%E frd B ek RR TR s BOERRR 1. The
‘thusﬁébt&ﬁlbﬂq)or(ﬁlébﬁiﬁlqwggkbﬁmm%d A rRE £9bWub nStRIctJrQ%g(tﬁ)g X-ray

conponent solution and (B) conponent sol ution

diffragtg@try.0 Aldol the(brapRRes @féx"me‘iéﬂ ditthé) BoroLikilnPWad 59% nm. Next,

stirring. To the sol ution, 8 water was added,
modifidationvedhsbyarsiéd rout g theAsamanmEﬁﬁeﬂlés MOERg@PROUS The relative

coating solution was obtai ned.. A porous filmwas
perpitteiinead elastic medglasrmeasaumed fordbe porolx dmpbletaihed befbineand after

t hus- obtai ned porous filmwas confirned to have a
modifisagignbireataientiere shewnyn Tabte K- r ay

" Example 4
2.7 g droplets of tetrapropylammonfumhydroxide dissolved in 15 g of water
were placed on 10.0 g 61’ tetraethoxysilane being vioiently stirred. Then, t.he resulting
solution was stirred as intact under a room tefnperature and ripened at 30°C for 3 days.
- A transparent homogeneous solution obtained was fitléd into a Teflon-coated autoclave
and stirred at 80°C for 3 days. As a result, crystallite was obtained. The obtained
crystallite was recovered by a centrifuge, washed 'w_ith ion exchange water and

repeatedly centrifused until pH<8. Subsequently, a solution obtained by dissolving 2.8 g
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diffractonetry. Al so, the average pore dianmeter of the
porous. filmwas 5.3 nm Next, nodification was

carried out in the same manner. as in Exanple 1. The
relative permttivity and elastic nodul us neasured

for the porous fil mobtained before and after

nmodi fication treatnment are shown.in Table 1. Exanple 4
2.7 g droplets of tetrapropyl amoni unhydr oxi de

o TR RSB Db o P S Bty B m o
R 3 ERRAIE SRR Mt S5 S

rent honogeneous sol uti on obtai ned was filled

Waél %@gﬁgg' Tefl on-coated autoclave and stirred at 80C
for 8 . r CT, i S ine heq...
obt ai r?gg}ﬁ%cﬂ@a’vg Iﬁ?%ﬁr%%slﬁrt%%tg\%@re e@ﬁg@@raaégﬁ]? i ??’gb“’e,{ The

thud@BRe_dWHdrhud @l we&mﬁnéﬁtﬁrha@ﬂ zreﬁf?tsagtﬁﬂhh‘% nby the X-ray |

centrifused until pH<8. Subsequently, a sol uti
diffebloaighgd Aps, BieSsatbid fith Racﬁp&e@_@a@iﬁﬁ%?ééﬁ(aét kY1 8R8n addition to
oxi de) bl ock copol ymer (Pluronic P123, manufactured by
por@dérjvet frofzeollle. Blexe nfvifizhtivvasaactagd biah Heamd manner as in
coating solution containing a crystallite of zeolite
. Exanepde 6btThierreldtivetpgranittivity drid etastizsmeriubysamesssureéd fonehes poveus film
manner as in Exanple 1. The thus-obtained porous film
- obtgiped befare andeadter moHfivation treabhénta@rs shavot nrfebleyl. t he X-ray
diffractonetry. -A so, the porous film had pores
having a peak at 7.1 nmin addition to pores derived
fro zeolei”%e. Next, nodification was carried out in
t he E&MP'SRAnner as in Exanple 1. The relative

Por 09 isWetr%%%g?%@%%%pﬁfﬂ%ﬂéoﬂ%?%l%ﬁ%%?h%%ea?a room
| , e 5.10.0 :
tembEERIEE Fholb 16 Alne " TR o ry B o b adhel ollowed

by <BRIMG. t eARelAt N ' 1. ; '
Y hyd{rﬁgchl ori g@agﬁgpag%ﬁagﬁgﬁﬁ P@is{n(%ﬁaby gtglrtﬁérﬁ %1§Aﬁl of
trideloA)lusroIPRReRbtr AHMKIOCEN 1 Wasth@lbitinaed. Furgiher, 0.33 g of
-~ of tridecafluoro-1,1,2,2-tetrahyd
2-(metlomtyitiolybitiyidnet dxide)siopalitemebybdarg, 0f061 g of methyltriethoxysilane

-and 10 mL of ethanoi Were mixed, followed by- stirring. Then, to the mixture, 0.0035 mL
of 1N hydrochloric acid was added, followed by stirring. A (.B) component solution was
obtained. Further, 2.8 g of. poly(alkylene oxide) block copolymer (Pluronic P123,
manufactured by BASF) was disso!ved in 30 mL of ethanol to obtain a (C) componeht
solution. To the (C) cbmponent solution, the (B) compaonent solution was added,
followed by stirring. A mixed solution of the (C) component solution and (B) component
solution was added to the (A) component solution, followed by stirring. To the solution, 8
mL of water was added, followed by stirring. A tranéparent homogeneous coating
| solution was thained.

A porous film was prepared in the same manner as in Example 1. As a result of

'X—ray'diffractometry, the thus-obtained porous film was found to retain a 2D-hexagonal
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- 2- (et hoxy(pol yet hyl ene oxi de) propyl ) trinmet hyl sil ane,

. 0.061 g of nmethyltriethoxysilane and 10 nL of ethanol
"were mxed, followed by stirring. Then, to the
~mxture, 0.0035 nL of 1 N hydrochloric acid was

added, followed by stirring. A (B) conponent solution
was obtained. Further, 2.8 g of poly(al kyl ene oxide)
bl ock copol ymer (Pluronic P123, nanufactured by BASF)

. soI edin'BOrTL f et hangl to obtain a (C
St“tm?ﬁi*i% r@ the AVGragENPOg S TRete( & %%@Héﬁ#mswm%iﬁ)oﬁm- Next,
) CO nt sol.uti on was added ol | d )
- molgfitipbfy S TG 381 | el R ("‘?:)'“céﬁ"i‘ﬁ't???e ¢ He reiative
; ohent ution ed to th
el é‘“’n‘%oei%ﬁ‘{f@q“ﬁ’?r%%SUf iob Mot B PR e beShpiagd ater
moBfldbh Betrfory Ble Slouh3h Fapiqs added, fol bves b ’
stirring ransparent hombgeneous coating solution
was obtained. A porous filmwas prepared in the sane
manner as in Exanple 1. As a result of X-ray
di ffgﬁmmm@try t he thus-obtai ned porous fil mwas
found to retain a 2D hexagonal 36 structure. Al so, the
averiage goof eetdiethorysian®fanthe) palr ofiStHanbimweas nfix&l BMa room
Next, nodification was carried out in the same manner
tempsraiture EXherte thb. miXtues, rted mLiof éN hyeroshlotic M¢ill Ywayatided, followed
- elastic nodul us nmeasured for the porous film obtained ‘
by ts@fr@ge aﬁd &)t eemppoehitf selatiororwas edtaiett. afertsérpwhed ng of
i le 1. nPI e 6 10.0 g of tetraethoxysilane and 10
t"'d?P@ﬂ'éﬁmét-haﬁdﬁ M@WWC&&”@POWSHW t enpebd@t ure. grhen, of

rréeg oflyéﬂxh)gq,@oo B:Syo;g@t) rmqthgsﬂagﬁd(% ,%; gl orﬁ%%ﬁ%%’gtﬂomllane and
urt her '

.10 lfigpﬂ%thglglql\{r\v%f%%?xe @»ﬁ@rvchtpf %{H 'Iq1en o tﬂe n%cixture, 0.046 mL of 1N )
hydéo%ﬂl%%(hac)l:'g/ 2&7 Ee:;d?j%ﬁyfdgh@gg Xb% f)@ﬁ'ﬁ@l ;’ I{B)n,g?mjngge‘mt asi%u’ﬁon was
obtdinet? FuPhefTeS, qu of @%Wéﬁé %Hﬁef‘BﬁBck ]c%pglgm%ﬁ éﬁh%ﬁ@'iﬂ%

were m xed, stirring

mariifactute€ by BABH vwlls di¥sobelY in BBGRIOENERAAGT 1A BbRINMAEC PERTbnent

followed by stirring. A (B) conmponent sol ution was

solutibn.ai Teethe FUY tivaponedt Bolition, el () addmorsst exis) wak afled,
copol ymer (Pluronic P123, manufactured by BASF) was

follodied duy| stigrihgi rSuBBeqdenty, aemh(ad(sblutlm obthai(@) eorfinent solution and
(B) goonqgo%gﬁ{] ;olutlon was added to the (A) component so!utlon followed by stlmng

To the solution, 8 mL of water was added,lfollowed by stirring. A ‘transparent
- ‘homogeneous coating solution was obtained. ' -

| A porous film. was prepared in the same manner as in Example 1. .As a result of
X-ray diffractometry, the thus-obtained porous film was found to retain a 2D-hexagonal
stru_cture. ~Also, the average pore diameter of thé porous film was 5.2 nm. .Next,
~modification was carried out in the same manner as in Example 1. The relative

- permittivity and elastic modulus measured for the porous film obtained before and after

. modification treatment are shown in Table 1.
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solution. To the (C) conponent solution, the (B)
conmponent sol ution was added, followed by stirring.
Subsequently, a m xed solution of the (C). conponent
solution and (B) conponent solution was added to the
(A) conponent solution, followed by stirring. To the
solution, 8 nL of water was added, followed by
stirring A transparent honbgeneous coating sol ution

gbtaln d A porous filmwas prepared in the sane
nann i'n Exanple 1.. As a result of X-ray

founiff 8P .t%ﬁﬁ%"i?hgﬂaﬂés b G S FART wereyMUEEe g room
RS 5 D R B e s
by a.fhrl‘lr{b EX%DWSLSRL]CO Rehte! #.l{ (yl'? SGVJBtéIBéa" DR AR o, 4349 of

astl c sure or t porous fil m obt al
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tétraet hoxyS| | an

2- (rﬂ\@thﬂ?&y(@ély@hﬁéﬁ@bx%ﬁbﬁyl%ﬁﬁ@tﬁ{l@ﬂar% AP0 LSRR SHoY Were mixed,

Then, to the m xture 1 N-hydrochloric acid

~ follovasd wydstiethg. fleh ottt miyurs 10.001418L ofIN bf&rom&m@mas added,
sol ution was obtained. Further, 0.13 go

follewedd by adtiriray. 0-AL (B) 2o@poradnt adnmibnwﬁsllobfbmeﬁl etFoakysia. Eﬁ@ of

- e, 0.14 g of 2-(nethoxy(polyethyl ene

poly{ricylene oxide) biakst dopblyimeariBlusomit PO281 mafufettoedoby \BASF) was

m xed, followed by stirring. Then, to the m xture,

diS@'\@GmSmw emanolﬁy eb@m tﬁ)uwm@nent\mhitfamdﬁuthe (C) component

f ol component sol.ution wa

'SO"BBPa?‘\rQ@g béfﬂ??f}?@?i 80'2“081 ‘@ja%ﬁdd%v‘qﬂeyﬁféwéﬁ@msx.Sd@)sequenﬂ%

e e O
the?%{rg ﬁ%%eﬁz %%)IH{B oq?llo c!tlJ1 t&ﬁ#ég?g}%gne &%0310 Igut %F Watter}ewas
| addeh! olidviddt by MPSRA Wﬂr{s‘gar{aBs o5 %s bﬂénﬁg s&Ltﬁr‘\%ﬂ GBtained.

: corrponent sol ut’on an onent tron

- addedpdraud filf iy prégired pant sﬁﬁé Ha'nﬁ@v ad iRIEkQYBE 1b¥£\s a result of

stirring. To the solution, 8 wat er was added,

X-rdyodiffravtechelry, thé ittiusiobgaine pcsramsmaf ﬁﬁé fAUPEOE AASIALS2D-hexagonal
coating solution was obtai ned. A porous filmwas -

strupiuesp arfdsd, ithe talveragamerardiznesterasf the Eoraaplfin asAB5am.  Next,
result of

modification was carried out in the same manner as in Example 1. The relative

permittivity and elastic modulus measured for the porous film cbtained before and after

modification treatment are shown in Table 1.

Example 8

10.0 g of tetraethoxysilane and 10 mL of ethanol were mixed at a room
‘temperéture. Then, fo the mixture, 1.0 mL of 1N hydrochloric acid was added, followed
by stiring.  An (A) component solution was obtained. Further, 0.20 g of
) :tridecaﬂuoro-1,1,2,2-tetra_hydrooc_:tyl-'l-t_rie_thoxysilane, ' 0.21 g of

2-(methoxy(polyethylene oXy)‘pro‘,pyI)trimethyi'silane and 10 mL of ethanol were mixed,
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X-ray diffractonetry, the thus-obtained porous film
was found to retain a 2D hexagonal -structure. Al so,
t he average pore dianeter of the porous filmwas 5.5 -
nm Next, nodification was carried out in the sanme
manner as in Exanple 1. The relative permttivity and
~elastic nodul us neasured for the porous fil m obtained-
before and after nDdlflcatlon treatnment are shown in

. of tetraethox silane and 10

foﬂmedofrv %_itrwwa oTheWeFOéh‘PrmP@HreaP 021 mejooh TN rigragid warepdded,

foll%&eft&y é?g%r%g(l;\r,\glﬁ l%byorgp?z?eqtl N %d\@%:ry ort G a%’prther 28 g of
| potrrﬁ{kﬁltse%f‘ﬁx@%? 5o i‘eo%%%meérr@r 532ty rr%ru{ap-umaxm@nwas
oG 30 i RoblIF PR ROl kPR RBupon, Fahs C)grrponen
i SIS 4 108, e A S+
Vmaxgc\.{ sarurusrr bnae @ agﬁapoﬁerlarﬁagﬁ.ah an@(B) édﬂ’(i})cs\?@@li éam{;ehrrra% added to

kerne 0X

the gAP@bMﬁ@fené rs’be SHifGIoREd Dy SRANG.2Th Hﬁ@goibﬁ’on&ﬁaﬁl oMavater was
i ssol ved-in.30 nmL of ethanol to obtain a (O

addedfolivest bysstining: (tranbpaidn€hdadgereane being samhm ivas obtained.
the (B) conponent sol ution was added, followed by

st i rA porgus Bobsacprepdrey in the sameechrsiot ad in @xawplet heAd )esult of
con‘gonent_ sol uti-on and (B) conponent sol ution was
adig@ctometyhibe thys-ehdaiperh perous &inuwvias fiounflde ketaisda BY-hexagonal
stirring. To the solution, 8 nL of water was added,
str%rfr ovieP. Hhe siverage pre Aélam%tﬁé s&rr@qporﬁuw@@mw nm.  Next,
' cﬁatln solutl n was obtained. A porous filmwa
mo

YR RS RRTIRE Wh AR thRySAEIE B@NDel B diixample As ahe relative

perrrslgpsv& gnﬁlq!%ﬁﬁﬁgplgéﬁgeggﬁrt 83‘3 pgtrogreﬁ_fﬁa Obt Ebe?ore and after
‘moo’ﬁﬁ({alﬁgﬁ H%gﬁméﬁll SR SQBQ(E‘ ge pore di anet er of t he

or ous m was nodi fi cati on was

carried out in the sarre rranner as in Exanple 1. The

relative. permttivity and elastic nodul us neasured

for Bxagmprogous filmobtained before and after

nodi fication treatnent are shown in Table 1. Exanple 9

10.0- g of tetraethoxysilane and 10 mi of ethanol were mixed at a room

temperature. Then, to the mixture, 1.0 mL of 1N hydrochloric acid was added, followed
by stirring. *An (A) component solution was obtained. Further, 0.07 'g of
tridecafluoro-1 ,1,2,2-tetrahydrooctyl-1 -triethbxysi!ane, 0.07 g of
2-(methoxy(polyethylene oxy)propybtrimethylsilane and 10 mL of ethanol were mixed,
followed by stirring. Then, to the mixture, 0.007 mL of 1N hydrochioric acid was added,
followed by stiring. A (B) component solution was obtained. Further, 2.8 g of
poly(alkylene oxide) block copolymer (Pluronic P123, manufactured by BASF) was
dissolved in 30 mL of ethanol to obtain a (C) component solution. To the (C) component

solution, the (B) component solution was added, followed by stirring. Subsequently, a

mixed solution of the (C) component solution and (B) component soluﬁon was added to
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10.0 g of tetraethoxysilane and 10 nL of ethanol were
~ mxed at a room tenperature. Then, to the mxture,

1.0 mL of | N hydrochloric acid was added, followed

by stirring. An (A) conponent sol ution was obtained.

Further, 0.07 g of tridecafluoro-1,1,2,2-tetrahyd

rooctyl-1-triethoxysilane, 0.07 g of

2 (nethoxy(polyethylene oxy)propyl)trlnEthyIS|Iane and

of ethanol were nixed, followed stirring

thefﬁéﬁommqnhéofﬁ%'% delloweg. ogtinting- offo ihENSqﬂy &hmb raf dvater was

addg& fgllc}/%r?ﬁsgj Q?vggl?rgpt aﬂ{%{f‘%‘éﬁ; gwgéel-nrg[)%g goa(;@g (scl?Pution ‘r;gg ggtgitned

‘ pOI Y. @%F%@%eﬁﬁx%%#?g le( s%r% O ngqgaq(tplE%rat%nebf sa?’ result of
.C

Xs oﬂpﬁ%ﬁeﬂie*’fgoﬁﬁ?w Sbicites BRPER AP bAE P it dEetadona

stn @ e gg%gra%p%% diddor ot BREBUBNL %%Xﬁrﬂ Next,

tlon of the onent 's

; moGRHReR Sits ?é?ﬂe’% IR ifaRe %Qﬂﬁdn{aﬂn%gag he e pfé‘)“rpoﬁ*@é‘ relative

sol uti on, wed by stirring t he ‘sol uti on

per@ittiwibad cvRtc maddied mé‘a@h}e‘a%ldthelboﬁiub Kifrh BBtairRd before and after
transparent honogeneous coating sol ution was obtained.

- modiiqaticwtiSatiichnareahowh apdaegl1j n t he same manner as in
Exanple 1. As a result of X-ray diffractonetry, the,

t hus-obt ai ned porous filmwas found to retain a

2D- hexagonal structure. Also, the average pore

di afrxeaplecf0 t he porous filmwas 5.5 nm Next.,

nmodi fjcation was carried out in the same manner as in

Exarfpl 8 of .tetrﬁﬁwomllaﬂe,v@ pefrmethyliripthoyysiage @ndst mb of ethanol
nmeasured for t porous film obt ai ned befo

werl FIesH 8OO AT RSTERte TPy it OGol desxlc@c acid
was i KRB S bl fiod AR o] GPrtRen et Bon RS ot Fifiher289
of ol BARIMIR b Biymbd Bk 125, Rl licfired o) BMsrwas
* dissdivkd il 88 mLAR e@l’@no?@&’cﬁ Q{(ky%t)h‘\bbﬁ)éht ?ltigrf?t ‘?b@ #8h component

Further, 2.8 ¢ | ene oxi

soluﬁ@m&aya@ied(tekw(m c6mPaeht sHBIH, AHbWEE By Qﬁfnﬁ%SF& the@8|ution, 8
~ dissolved in 32 nmL of ethanol to obtain a

' g of sapoveeridded fcliowed by BligingBA tmm@ﬁﬂfomo‘g@heﬁumw@solutlon
added to the (A) conponent solution, followed by
. wasgbiaingdng. To the solution, 8 '

A porous film was prepared in the same manner as in Example 1. As a result of
X-ray diffractometry, the thus-obtained porous film was found to retain a 2D-hexagonal
structure. Also, the average pore diameter of the porous ﬁim was 4.9 nm. Next,
modification was carried out in the same manner as in Example 1. The relative

permittivity and elastic modulus measured for the porous film obtained before and after.

modification treatment are shown‘ in Table 1.

Example 11

.5.1 g of tetraethoxysilane, 3.6 g of methyltriethoxysilane and 8 mL of ethanol |
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g of water was added, followed by stirring. A
- transparent honogeneous coating sol ution was
obtai ned. A porous filmwas prepared in the sane
manner as in Exanple 1. As a result of X-ray
diffractonmetry, the thus-obtained porous film was
found to retain a 2D hexagonal - structure. Al so, the
average pore diameter of the porous filmwas 4.9 nm
nodi ficati carried out in the same mann

Werggmﬁﬁd %Wﬁméempe%rﬁg\éaih% /e migkrg, mLpWMHﬂirochlorIc acid
wat e AR St () eaftboten o lﬁ%ﬁ@?ﬂsféﬂte@eﬁ%amﬂ?w 89
of pkRaytion PHFERHB Sordmee® (Bl b 8h. B irod o) ves
oo, ERABSERRY i A e
sol&b‘n[ﬁdgr%de tﬁ@kA);i%gﬁJ‘BH%ﬂtsl? J)HH%!BG@W gllk?%gk?c?%e solution, 8

erie oxl

g ofaoRer WaRsddeR! 1l b oy dithg. MRUHsBSEHT l?cﬁn@dén%@%c doafii§ solution

di ssolved in 32 ni of ethanol to obtaln
wacoiasgnt sol ution. The (B) conponent sol ution was
‘added to the (A) conponent. solution, followed by
st i rA pargus film waseprepdrad intthe séine ghabhenvdd if IExampleald dah result of
foll owed by stirring. Atransparent honbgeneous coating
X-rayofifitaictometrywetbe dinsadhvigided porpos birswas faundeds reteie pa2@ dekagonal
. the sane manner as in Exanple 1. As a result of X-ray
strugiurg.r £d3riee ByeragrePard dierotieraphithe poposidint iwan 4@sim.  Next,
‘ii(o}‘&td to retain-a 2D hexagonal structure. Al so,_the
mo Iy VasoFRITIE é%‘f‘ét"erth%ﬁaﬂ‘ﬁemﬁﬁ'?%uas in IExpWRle 4. 9T*aﬁnrelatwe
e e YA SRR 2805900158 pi e bBB R AT e

mocg (%gg,l] %eg%%Ht%%rS%%ﬁ:g{f&%ée ?r the porous film obtained

re an ion treatnment are shown in
Table 1. Exanple 12 8.1 g of tetraethoxysilane, 1.4 g
of di net hyl di et hoxysilane and 8 nL of ethanol were
M X@GaipleiF 0OM tenperature. Then, to the mixture, 1.0
~nmL of 1 N hydrochloric acid

8.1 g of tetraethoxysilane, 1.4 g of dimethyldiethoxysilane and 8 mL of ethanol

were mixed at a room temperature. Then, to the mixture, 1.0 mL of 1N hydrochloric acid
was added, followed by stirring. An (A) component solution was obtained. Further, 2.8 g
| of poly(alkylene oxide) block copolymer (Pluronic F’123, manufactured by BASF) was
dissolved in 32 mL of ethanol to obtain a (B) component s.olution. The (B) component
solution was added to the (A) component solution, fdtloWed by stirring. To the selution, 8
g of water was added, followed by stirring. A transparent homogeneous coating solution -
was obtained. -

- Aporous film was prepared in the same manner as in Example 1. Asa result of
X-ray diffractometry, the thus-obtained porous film was found to reta!n a 2D-hexagonal
structure. Also, the average pore diameter of the porous_ film was 5.0 nm. Nexi,

modification was carried out in the same manner as in Example 1. The relative
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was added, followed by stlrrlng An (A conponent
.solution was obtained. Further, 2.8 g of

pol y(al kyl ene. oxi de) bl ock copolyner (Pluronic P123,
manuf actured by BASF) was dissolved in 32 nL of

et hanol to obtain a (B) -conmponent sol ution. The (B)
conmponent solution was added to the (A) conponent
"solution, followed by stirring "To the solution, 8 ¢

Pef{'rfgrvt@&z@e%m‘ﬁas%ﬁ %&é&é@ugﬁgr 18 Pzt&lrttﬁtfi"ar?bta}%%i before and after

A poroys fil prepared in the sane
m‘@ﬁ?ﬁﬁ%ﬁ&@"ﬁ‘%ﬁ% W 'ﬂ_%%ﬁa result of X-ray
diffractometry, the thus-obtained porous film was ‘
found to retain a 2D hexagonal structure. Also, the .

averg&gnr% ?di aneter of the porous filmwas 5.0 nm
ication was carried out in the sane manner

o o PR Bt trbytafic 10 8ot Uingly B Blejdinq i SR of ethanal
f
wer@%r%ecﬁat.&!ﬂ%g? rt%r@rgeram?@' 'ﬁ*\é?‘fatd ?Etng)t&rﬁ?(:e ML{/ g{l‘ ﬁ\é\ &\%H%-Q acid

wasddddl el dwddthyastivmey Fin (Apa)rﬁ;rtﬂheﬁt dtluth \@s%@r‘}ed’\ﬂ*uﬁher 289

m xed at a roomtenperature. Then, to the mxture, 1.0

of poly(alkyldnd\oXige)r tedd aypolynee I(HIurdAﬁSPMBieﬂaanféﬁtur@M&ﬁ BASF) was
stirring. An (A) conponent solution was obtai ned.

disselvet e B2 ndl, & efharfol fobdhtéial k{B)enmponérdesplutiba.c Khe ¢odoympmnent
QPI uroni ¢ P123, manufactured by BASF) was  dissolved

solytign was grlded toéhq:, &H@prrrpgn@msghutpm fqliByved @Mptmegt To the solution, 8
sol ution.. The mponent  sol uti on was added to the

g °f(% eruARAsider o qﬂhVoﬁtrfm@ A teneerrByt Ramegenaeys cpgtingeolution

ut i 8 g of water was added, followed by
wasct t?‘??cﬁg At ranspar ent honogeneous coating sol ution

randSR A v e tk%%%ﬁ*gﬁﬁ?"’%#iﬁ%%%g(&e AH Rsultof
X it b BBHRIT roletodh ReRoAE L Al a8 L AAARA! n¥B5erage pore

ver age di anmeter of

diarhétbNdMAS pdrofs NI wheX o, nnﬁm ﬂbf{t‘ ﬁr@&?fr@étio\ﬁﬁﬁas‘:@drﬁéoe&tqw{he sBme
: the sane manner as in Exanple. 1. The relative .

marper 8 IntExniple AnThetehaive peAmiBNiEndEIasHY AU mbired for the
~ porous filmobtained before and after nodificati.on

porausdiith wbtzinedribefest and after rﬁ@cbﬁ:cfatrdn treatment are shown in Table 1.

Example 14

The modification was carried in the same manrrer as in Example 2 except that
_ wate_r was 'introd'uced as well by passing the introduced gas through ih an evapbrator of
25°C water. The relative permittivity and elastic modulus measured for the po_rbus fitm

obtained before and after modification treatment are shown in Table 2.

Exampie 15
The modification was carried in the same manner as in Exampte 2 except that

‘the temperature for modification treatment was changed to 250°C from 400 C. The
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Exanpl e 14 The nodification was carried.in the same
manner as in Exanple 2 except that water was -
i ntroduced as well by passing the introduced gas
through in an evaporator of 25C water. The relative
permttivity and el astic nodul us nmeasured for the
.porous filmobtained before and after nodification
treatment are shown in Table 2. Exanple 15 The
nodi fication was carried in the sane manner as in. '
relative, ppndittivityoard plastiapdulus eeeswigd far theeparens film obtained before
S dification treatnent was changed to 250C from 400C
andpiter modifigation; teatrpeitare $hawn i Tahle %1 asti ¢ nodul us
- measured for the porous filmobtained before and after
nodi fication treatnent are shown in Table 2. Exanple
16 E%F nPdhgication was carried in the same manner as
in gm&%a except that the tine required for
nodi-f| sy chan 0.5 .m-nut e rom _
S0 rirefded 68 TRRba Y Mo DRRARRYG S R 4 £t et
the el et sEolfheREal e 0 o AEE oo futes.

TheBeRTRE Setrittilh a'ﬁﬁdéléétié%i)&lﬂué’\%a‘étﬁfeﬁi BF tH'deinPtSlgﬁs Fiftiobtained

manner as in anpl e 2 except that a no I er was

befdr® ang aflert Modificktidn Feltrenh sy tapis bl oxane from
'1,3,5,7-tetramett hyl cycl ot etrasi |l oxane. The relative

permttivity and el astic nodulus neasured for the
porous film obtained before and after nodification
tre&ixampte Bre shown in Table 2. Exanple 18 The
modi_fication was carried.in the sane manner as in '
Exarfpeacglifispiepras eaixiedin the eame pigenerasrio Bxamplg 2 except that a
ﬁ, 3,5, 7-tetranmet hyl cycl otetrasi| oxane al on)gt wth

MOdHi& r ogdfPSat aCHANERE 1 af® of 1563 MT-Rexemaindirisioxangt or from

changed a batch type filling 2.5 vol %of .
134730 E0RGE dtePanPage JPE relethe amutvland Slastic sodus
mea-gn%drf&l e b&%ug Bl eehihdd Bé’fof:"ene‘ujndealﬂ% Ho%ifiwtion freatment are shown

in Table _2.

Example 18 |

The modification was carriéd in the same manner as in Example 2 except that a
ﬂqw type introddcing 1,3,5,7-tetramethylcyclotetrasiloxane along with nifrogen at a flow
rate of 500 mL/min into a reactor was changed to a batch type filling 2.5 vol% of
1,3,5,7-tetramethylcyclo;étrasiloxane‘in'a system. The relative permittivity and elastic
modulus measured for the porous film obtained before and éfter modification treatment

are shown in Table 2.

Example 19
10.0 g of tetraethoxysilane and 10 mL of ethanol were mixed at a room

temperature. Then, to the mixture, 1.0 mL of 1N hydrochloric acid and 10.0 mL of water -
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nodul us nmeasured for the porous film obtained before
and after nodification treatnment are shown in Table
2. Exanple 19 '10.0 g of tetraethoxysilane and 10 nL of
et hanol were m xed at a room tenperature. Then, to
the m xture, 1.0 nL of 1 N hydrochloric acid and 10.0
~ nL of water 43. were added, followed by stirring. .
" Further, 6.5 g of poly(alkylene oxi de) bl ock copol yner

ol o L R & %f oM gKiERE e block Sopolymer

PR 18 repnutack @?\sﬁé’sFW e e Q oot haﬁeisw‘f’a's irtiet added,
fol el S h PRGB! héifogdheply 8?63'159%5?5 fort s Beingd

- Ifgggéga uéﬁﬁrﬂg%ﬁrﬁ&ﬂ g@@&ﬁ%@%gw&gr b r?{h%;%anwameras

inErx§ fdyve permttivity k of the film was k 5.6.
~Further, using a high resolution electron m croscope
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anal ysi s) obtained by Fourier Transformof the

waekel6r oRurdhdrf using i=o highofesblutidhs electrers whitrostdpe (HREMP (model:
' filmhad a narrow part having the pore dianeter of
JEN:BP 1@ xinamufattyred SoyAJmDL hitch), foe @sre Tlameter evasymepsured from the
di aneter of the porous filmwas 7.0 nm The relative
e'%@ﬂrﬁ%ﬁﬂw@ﬁvtbkﬂ%‘f (theh@e#tﬂn baas siguntwe analysishobitined by Fourier
tion 3 Further, the thus-nodified
_Trang%)rghgf tﬁ 'E@P“‘?W%nta AsaJesilid herponeis film had a narrow part

oduci

.havwgnﬁ-'gk?%rf’ fﬂﬂ?%%é?ﬁ;ﬁpamx%*?'an15arz\umﬂ2§6rﬂ°5<?~°n| nge average pore
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fllmraﬁéPthmcét%WﬂJQr‘le Bt Qeéqpé:thu@tm@dlﬁe%ﬁ&frb%"{ﬁf wae plithnto a

Tarr. result o Cross sect
vac@hﬁer vat i @ﬁarﬁf)er the pap@stfuchigl m af t ggphorming g film qg9

with TaN, TaN diffusion into the pore was not .
‘ pentﬂksea"thﬁd!eth&baam JenRlum-containing isopropyl alcohol and NH; gas into the
chamber, and forming a film with TaN on the poroué film at a reaction temperature of
- 400°C, at a reaction pressure of 5 Torr. As a result of cross sectional TEM observation of

the porous film after forming a film with TaN, TaN diffusion into the pore was not

observed.

Example 20

104¢ 6f tetraethoxysilape and 10 ml of ethanol were mixed and stirred at a
room temperature. Then, to the mixture, 1.0 mL of 1N hydrochloric acid and 10.0 mL of
water were added, foliowed by -stirri{lg. After stirring, a mixture solution obtained by
_dissofving 2.8 g of poly(alkylene oxide) block cdpolymer (Pluronic P123, manufactured

by BASF) and 1.5 g of a block copolymer (DBP-732, manﬁfactured by AZmax Co.,
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10.4 g of tetraethoxysilane and 10 nL of ethanol were
m xed and stirred at a roomtenperature. Then, to the
m xture, 1.0 nL of 1 N hydrochloric acid and 10.0 nL
of .water were added, followed by stirring. After
~stirring, a mxture solution obtained by .dissolving
2.8 g of poly(al kyl ene oxi de) bl ock copol ynmer -
(Pluronic P123, manufactured by BASF) and 1 5 g'of a

bl ock copol ymer (DBP-732, manufactured by
defnataﬁéﬁﬁepat? like Pelviale/ienexexidryl Blpck Rgnoémerbfef aelydlmeawksﬂoxane

pol ARG R B YBYABIRG® Xt ) B SN AR B daeret,
reto r sti

| f°"?"¥%ﬂﬁ@b@'ﬂﬁﬁf e, ¢S Bt o B get s St saltighyas alaine.
APk BB A R NS fofl '%fﬁﬁm@%%ﬁfe@q@fh‘é%awmwems

'mEi‘w Hefore nodification was found to retain a 2-D
‘ ex gonal structure having area intervals of 7.0 nm

by tmsor&ué A B’éf&ferrﬁidlﬁl‘éﬁ&ﬁ Was Hifd i¢Hatdih 4©- !ﬁﬂFﬁQdoPhNétFuXture

k. of the filmwas Further, as a resu

havirigQia FRsVAISBAY. o?ﬁ%p%e(-wdmamomﬁy pwn@ Hfative ipe iRy k of
a narrow part having the pore dianeter of

‘the fipp wax kedBe IFurther, As wirédlltof RAsse Sectiomal TEM&IbRE&afi@, €he poraus
di aneter of the porous filmwas 5.9 nm The relative
filmbad @i rtariow fayt Havly thépore fdidmaterfdf epprosithdtelg 40 idowithivesores. The
- k=2.3. Further, the nodified porous filmwas put -into
avegagecnae Hadteierd the porpunlocwagSPapor Thé relgte permittivity k of the,

pent aki s( et hyl met hyI am de?"t ant al um cont ai ni ng
jcafi %d\‘?&l iGuheyadhe moaglifiel eporeyrafiie wag it into a

omngag W|th TaN on the porous filmat a
_Vacl"%rﬂctl on ature ofroosHNE  at a YAREti on p‘i’fessure10/°

resu

perfiisfe o@'["e*hgf‘é\%%? S Pl B sl AR A, R 638 o e
_ chaf'rlemanJ %ﬂ‘\% Ll‘lﬁJn WfthI ort H‘% [9(?588 apgtreac%gﬁ %ﬁﬁg&ature of

Conparative anple 1 2 noditrcation was carri

400"@ eat%@@é’ctﬁﬁ%?@srsuﬂ:sofbﬁ'oﬁx ARDY f@rn%nﬁécﬁﬁm:wth Hak, as a res It of cross
3,5, 7-tetra nethylcyclotetrasioxane was c angea

sechﬂ?é&ﬂl‘z‘ll\hbbﬁbr%ﬂlﬁzamme ddtBus Fifh,atdN QlifReIoA tid et h{or@r\ﬂas not
el asti ¢ modul us neasured for the porous fil m obtained

. obskwédr e.

‘Comparative Example 1

The modiﬁc__ation_was carried in the same manner as in Example 2 except that
1,3,l5,7-tetramethylcyclotetrasiloxahe was changed to hexamethyldisilazéne. The
relative permittivity and elastic modulus measured for 'the porous film obtaihed before

and after modification treatment are shown in Table 3.

Comparative Example 2
The modification was carried in the same manner as in Example 2 except that

1,3,5,7-tetramethyicyclotetrasiloxane was changed to trimethylsiiylchloride. The relati\}e '
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and after .nodification treatnent are shown in Table 3.
Conparative Exanple 2 The nodification was carried in
the same manner as in Exanple 2 except that
1,3,5,7-tetra nethyl cycl otetrasil oxane was changed to
‘trinethylsilylchloride.  The relative 45 permittivity
and el asti c nodul us neasured for the porous film

obt ai ned before and after

0 by

nmodi'fication treatnent are

Tabl e 1] Before nodificati onAfter

CleciR ISRV

ROreys f

RbtaiedReafere;apd after

_ .ast i dulus Perm.ttivity(GPa)Permttivity(GPa)
modfo ety 55 ol 1808 o Sihabi o to |
measur e3. 03.14. 9 43.28.03.110.1 53.02.22.65.5

.6.2.21.92.03.5 72.41.62.04.9 82.40.82.62.5
- Ué@ga}4.42.67.6-103.41.32.65;1 112.01.12.22.9

21.22.54.2 132.00.82.32.2

Before modification After modification
Example - Relative Elastic Modulus Relative Elastic Modulus
Permittivity {GPa) Permittivity (GPa)
1 4.2 10.1 3.8 13.2
2 4.5 8.1 2.2 8.4
3 . Unable to measure 3.0 3.1 4.9
4 3.2 8.0 3.1 10.1
5 3.0 2.2 2.6 B.5 .
6 2.2 1.9 2.0 3.5
7 2.4 1.6 2.0 4.9 -
8 2.4 0.8 2.6 2.5
9 8.1 4.4 2.6 7.8
10 3.4 1.3 2.6 5.1
i1 2.0 1.1 2.2 2.9 "
12 2.9 1.2 2.5 4.2
13 2.0 0.8 2.3 - 2.2
_ [Table 2]
. Before modification After modification
Example Relative Elastic Modulus Relative Elastic Modulus

. Permittivity (GPa) Permittivity (GPa)
14 4.5 5.1 3.4 ' 9.1
15 - 4.5 5.1 3.8 6.3
16 4.5 5.1 3.2 7.3
17 4.5 8.1 3.4 11.5
18 45 5.1 3.6 13.3

[Table 3]
Comparative Before modification After modification
Example Relative Elastic Modulus Relative Elastic Modulus
Permittivity (GPa) Permittivity (GPa)
1- 4.5 5.1 2.4. 6
4.5 6.1 2.7 4.9
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[ Table 2 Before nodificationAfter nodification
Exanpl eRel ati ve El astic Mddul us Rel ative Elastic
Modul us Permittivity(GPa)Permttivity(GPa)
144.55.13.49.1 154.55.13.86.3 164.55.1.3,27.'3
174.55.13.411.5 184.55.13.613.3 [Table 3] Com Before
nodi ficati onAfter nodification arative p Relative
El asti ¢ Mbdul us Rel ati ve El astic Mdul us

TA B 15 46 4. \élsﬁ'{‘%ué%)@*)'—f%eﬁ v _Sgg?_l_ CABILITY
| g?: S‘Eﬁ? irr{oh&i%ﬂ%ﬁ%ﬁ%?&rﬁ'ob@ir?eg géc%?éjlnga?oqglgddrgsgentt ?nvtegt?on can be
An’preferab!y used for an interlayer inSulating film as a semiconductor material. The porous
film is excéllent in both the hydrophobic proberty and the mechanical.strength, which can
be used as an optically functional _material or an-elect.rohi_calfy functional material. Thus,

much larger scale integration of a semiconductor device can be achieved.
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preferably used for an interlayer insulating filmas a
sem conductor material. The porous filmis excellent
in both the hydrophobic property and the nechanlca
strength, which can ‘be used as an optically
functional material or an el ectronically functiona
material . Thus, rmuch larger scale integration of a
~semi‘conductor device can be ‘achi eved. 47 CLAINS-.' A
c %pd for nodifying a porous film mainly having S]-O
CL wherein a thermal treatnent is conducted
W t hout using a netal catalyst by bringing an organic .
silicon conpound including one or nore Si-X-Si bond

1S A CRSPIR A0 R R R g oy e sf Rpfens
B 0 i

sm&fn é@)mpt&%ép%ﬂhd ﬁ\b%‘ﬁb%‘? d@%l-ﬁ?lbgﬁ‘d S HRFein! X b SEEMts O.NR,

hin a single™nol ecul e; e Is an i nteger betwee

, CnHZn,&ﬂ A); R febresERRIGH, . o?bslllﬁﬁ]@%‘ﬂﬂégér'blemee%1gﬁbe6 and n is
' nmet h oéfor nodi fyi ng aporous- I maccording to claim

1 ot 2) whéhes or ake Si-AeofElunits QAKEIBATA representd! ©fl, WC M., or a
tenperature of from 100 to 600*C. 3. The net hod for

halogati tgimnandampyp be e sainen crciifferahit mdthince singlenmbledule2and e is an
wherein the porous filmbefore the treatnent is a

intefgier betvaen hgndés pocardact gvithTheeporeudfia. f or nodi fying a
porous filmaccording to claim3, wherein the average
pore di ameter of the porous filmbefore the treatnent
isip a eof05t010 nm 5. The nethod for

2. rmd.ﬂv% far SeStyng A Rerays i pacerdingy i Hiainy !, evhereis the

fheﬂfﬂ%‘?ﬁeéfmen\“ﬂef%ﬁh%w%@S* ATBR B P DL PRt 2 nea

by a met hod as described in any one of clains 1 to 5.
7. A semniconductor material conprising the nodified

3. POrofiR hithBy &% rﬁ@cﬁﬁ/fn'gbaeﬁiorbﬂs ftlﬁ'ﬁa&bﬁhr@ £ claim 1 or 2, wherein the

- porous film before the treatment is a film having mesopores.

4. The method for modifying a porous film according to claim 3, ‘wherein the

average pore diameter of the parous film before the treatment is in a range of 0510 10

-oonm.

5. The method for modifying a porous film according to any one of claims 1 to 4,

wherein the organic silicon compound is a cyclic siloxane.

6. A modified porous film obtained by a method as described in any one of claims 1
to 5.
7. A semiconductor material comprising the modified porous film as described in




8 A serii conduct or device in which the sen conduct or
material as described in claim?7 is used. 49

claim 6.

8. A semiconductor device in which the semiconductor material as described in

claim 7 is used.
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