LoE70-3 xpos
desired. Fl uor ne re5|ns have not only Iom1d|e1ectr|c

-2
constants but excellent properti edeat resi stance and
hi‘gh chemical resistance, and ac I their devel opments have been
active. I n- general, ine resin is insoluble

in a solvent, whereby it has been difficult to forma thin film
uni forni Eﬁ? sqgﬁ1qgggvmﬁﬂ§as as disclosed in Japanese Unexani ned
I [

Patent P R RSER 111/1988 10 and No. 28H0REoRk-SHRTXU(EI6TRRent
4,754,009, f]udri ~———+esins (dielectric constant: 2.0-2.1) having

al i phatic cyclic structures on their main chains, which are sol uble

I n special fluorine-containing solvents, have been devel oped. Furt her,
as disclosed in Japanese Unexam ned 15 Patent Publications No. 48579/1990
and No. 76644/1995, it i's known that fluorine resins having carboxylic
acid groups or sulfonic acid groups in their nolecules, are

sol uble in solvents such as al cohol s. A fluorine resin having an
al i phatic cyclic structure 20 in its nmain chain has characteristics such
that the dielectric constant is low, it has no water absorptivity,

and a netal does not diffuse into it. EuropeanlPatent 0393682
discloses its appllcatlon to_ a -rotectlve f|In1 for a sem conduct or

devi ce, and Japanese RICOREG : Pation No. 283827/1993

discloses its appli %E' BPeée%taanéﬁéio%t EQﬂaééé To 18 Biklbet AT ed

resin composition which is capable of forming a resin

film with a low dielectric constant having improved
5 mechanical properties at high temperatures.

In recent years, as miniaturization, high integration
and high densification progress for semiconductor devices
or multi-layered circuit boards, insulating materials
having low dielectric constants have been desired which

10 contribute to shortening the time of signal propagation
delay. Presently widely used as a buffer coat film of a
semiconductor device, a passivation film of a
semiconductor device, an interlayer dielectric £film of a
semiconductor device, an a-ray shielding £ilm of a

15 semiconductor device or an interlayer dielectric £film of
a multi-layered circuit board, are a silicon oxide film,
a silicon nitride film, a polyimide resin and the like,
but their dielectric constants are at levels of from 4 to
5, from 7 to 9 and from 3.5 to 4, respectively. Thus, a

20 material having a dielectric constant of at most 3, is



circuit board such as a multi chip nodule (MCM by

- 3- utilizing such characteristics. As other fluorine resins
having | ow dielectric constants, Japanese Unexani ned Patent
Publ i cati ons No. 104129/ 1985 and No. 282874/1991 discl ose fluorine-

5 containing polyimde resins (dielectric conétant: 2. 2- 2.8), US.
Patent 5,115,082 disc| oses _fluorine-containing poly(aryl ene ether)
resins (dielectric cotesdiznd: 2. 4- 2.6), US. Patent 5,364,917

di scl oses per fl uorogycl obut ane.ring-co I Qf [esi iLel.ectric 10
constant: 2.4-2.5), and E%Efr¥%ﬁ<§$ +Bs fbg%gdgg &ggshfﬁiééirﬁk

f1 uor | ne-cont ai ni Ng_ aichgRkhes Y BRcLi EHoPkbher i0BSEaBH a5 high2dat. 5) .
However, these fluorine resins usually have gl ass transition
tenperatures of fromBisbaned[andr high ghemipal readistasce n@ndaareerdipgly,
flexible particularly.in _a_high tenperatur region, i.e. the nodul us
of elasticity is §naltlt‘,elénﬂeY%é’PmengIlﬁ?'@agegﬁp%ﬁ%vgn coefficient is as
large as froms50 to th08e AR ,Aafi o8 AQYE! PludiG¥eCPedin dsTihébrdraxker ed
circuit board is a conposité with a wiring netal (linear 20 expansion
coefficient: about 2GmpansbEvent() wvheretithdit has beemoddfifianlitnsol fiorme il ns
(I'inear expansion coefficient: 0.5to 5 ppm[err]C, and_it is .
subjected to a high thin £ipapdforBlyfoy coptdrdy  #herersy Aecdifclqsed in

production and RAGKANL 0 Gl RGEREE Spa taht CbH a1 0hdid .0Y381 25 A 988
10 and No. 260932/1988 and U.S. Patent 4,754,009, fluorine
resins (dielectric constant: 2.0-2.1) having aliphatic
cyclic structures on their main chains, which are soluble
in special fluorine-containing solvents, have been
developed. Further, as disclosed in Japanese Unexamined
15 Patent Publications No. 48579/1990 and No. 76644/1995, it
is known that fluorine resins having carboxylic acid
groups or sulfonic acid gfoups in their molecules, are
soluble in solvents such as alcohols.
A fluorine resin having an aliphatic cyeclic structure
20 in its main chain has characteristics such that the
dielectric constant is low, it has no water absorptivity,
and a metal does not diffuse into it. European Patent
0393682 discloses its application to a protective film
for a semiconductor device, and Japanese Unexamined
25 Patent Publication No. 283827/1993 discloses its
application to an igsulating film for a multi-layered

circuit board such as a multi chip module (MCM) by



25 transition tenperature, the small nodulus of elasticity in a high

tenperature region and the high |inear expansi on coefficient of the
f Fuori ne resin, have been -4-
serious problens in an attenpt to use such a f]uorine resin for this
application, wwth a viewto preventing a ecrease in the reliability
of the device or the circuit boar d. As di scl osed, for

exanpl e, in a coll ect bbhliFLngapRER CharacF%ﬁHFF€& at Symposi um f or
Sem conductors and | ntegr teQ:her: f%l%trl%g LeJ%QQLQ%’lqgigg?e%%&lj[r1%8 (1995),

a resin having a gl ass &hsTtion tenperat ure err] C has

been devel oped byohdBunR%i, NgapdifesDtR6xdrtiined! Paktdnt’ PubliddtdonsONG £Si N.
However, with this resin, the nodul us of el asticity decreases abruptly

froma t enper ature of labbl&/1985 a@BO{O@r 2]32;8746(11(99%@1%1@@& £lyqrdmeron

coefficient is not | mpr.ove A of fron170 1Q
ppni [err] C. Ther €PRFainings H?f nf)?%’tfést"rz\éf'eh G R A rédg 23
Further, a nethod of gigj ng an bs'&rr&arsl §15) 2 discPédds Qb!héi’&él@éﬂ%mﬁxg

known as a nethod for |nproving t mechani cal properties of a
fluorine resin in JappﬁBﬁﬁryleneUﬂmm nesliftat(ddel &ty iicc gbnstantc. 2.4~
259907/ 1988. However, y this nmethod, it is extrenely difficult to

produce 20 i norgani czpéhtlf-blsespﬁ%ﬁ,‘}tné +368r97n B} 5EL048%: | e si ze of at
mst 0.1 pm and " Ll el i QORI DAY 8134 Rt BEAITY Yesins RRLLELELS! 28

i's used, adhesi on of 0 one
10 constant. 2.4-2.5), and U.S. Patent 5,405,677 discloses

fluorine-containing aromatic resins (dielectric constant:
2.1-2.5).
However, these fluorine resins usually have glass
" transition temperatures of from 50 to 250°C, and they are
15 mechanically flexible particularly in a high temperature
region, i.e. the modulus of elasticity is small, and the
linear expansion coefficient is as large as from 50 to
100 ppm. A semiconductor device or a multi-layered
circuit board is a composite with a wiring metal (linear
20 expanéion coefficient: about 20 ppm/°C) or other
inorganic insulating films (linear expansion coefficient:
0.5 to 5 ppm/°C), and it is subjected to a high
temperature of from 200 to 450°C in its production and
packaging processes. Accordingly, the low glass
25 transition temperature, the small modulus of elasticity
in a high temperature region and the high linear

expansion coefficient of the fluorine resin, have been



another is likely to occur, whereby it has been practically difficult
to forma uniformcoating film 25 having a thickness of from0.1 pmto a

few pm Furt her, Japanese Unexam ned Patent Publication No.
112126/ 1995 di scl oses a solution conposition wherein as a
- 5- met hod of m xing finer inorganic pérfi%les to a fluorine

resin, an organo sol of inorganic fine particles using a )
f1 uori ne-contai ni ng $&r¥ens problepeckpEpEleRR) £o use sychyp; fRugrdie,

sol ution. However, taq _aqbt aj:gr }& gi,éﬁ]lmlé’qft?ﬁo!wéhog ?yev; mospgg‘;‘%}g_f},élgsgrface

treatment of the orga’fﬁ n uof i ne-contarl ni ng-suar

treating agent is  gdeceeafélimltheapshitanity SflatReSaEdARE okl ERE NEYTCul &
carried out, the affinity of the fluorine resin and the inorganic
conponent in the forredrdeating filmis not necessarily 10 adequate.

Accordi ngly, there has been_a probl.em such t.hat th chani gal
strength is small 3 and tﬁé ?h%&é’gﬁflcn%or éxgg%%he"n& b g°ﬁ : eTy %Etﬁa@éaasout
on the surface.  reporfSa B Syhpbsidi\FoRUséMikoAdaLeSEd iahdC PREéAAHERAOL her
than fluorine resins, a polyquinoline resin (dielectric 15 constant:
2.8), a pol y(benzocydiabut ermachesilagy dipp6éct vok.48 (1989nhstaamesie lgiviag a

di sclosed in e.g. Journal of Electronic Mat eri al s, 81

ec 819, vol . 23
(1994) and anor phous $38B§oFEansition temperature)iQf é‘??PFé@gﬁspaﬁtl?e?‘. 2 to

Ciahs) 415¢1 050 TN geverofdd Hy pfSv I EAY' AShERIAP U AR e 1Y) - 11

10 resin. BHowever, with this resin, the modulus of
elasticity decreases abruptly from a temperature of about
330°C, and the linear expansion coefficient is not
improved at all at a level of from 70 to 80 ppm/°C.
Therefore, a further improvement has been desired.

15 Further, a method of mixing an inorganic fine
particulate powder is known as a method for improving the
mechanical properties of a fluorine resin in Japanese
Unexamined Patent Publication No. 259907/1988. However,
by this method, it is extremely difficult to produce

20 inorganic particles having a primary particle size of at
most 0.1 zm, and even if the one having a small primary
particle size is used, adhesion of particles to one
another is likely to occur, whereby it has been
practically difficult to form a uniform coating f£ilm

25 having a thickness of from 0.1 um to a few um.

Further, Japanese Unexamined Patent Publication No.

112126/1995 discloses a solution composition wherein as a



20 have, for exanple, been devel oped. Like the above descri bed

fluorine resins, these resins also have probl ens that the nodul us of
elFasticity is small particularly in a high tenperature region, and the
| i near expansion coefficient is |large, and an inprovenent has 25

been desired in this connection. Adbdid?ngly, it is an object of
the present invention to provide a low dielectric resin conpositjon
useful as method of mixing finer inorganic particles tha glgeﬁ&qqqg
conposition capabl e of f nlng | f e a
dr awback such t hat |treSI an a%ﬁghfgér}f %§§F§9§%$9$5u| §%¥aﬁﬁgg%Q9
tenperature i.e. £1de inedubnita ifing! asivaittylsslmbbzafed he ki near
expansi on coefficient is |arge, while maintaining excel | ent electrlcal
properties of a resinflupring sesipwsolutign el @@UPV%ICG:@SPH?IQHBE? g i farm

possi bl e. The_ pr.esen venti Vi L el LCc_resi
conposi tion conprii n§° “}%QPof’Yo ’T‘?gmsgﬁ%(g’negﬁ‘f af% E) et(:t‘f}‘ ?iﬁ%a[}%e
di el ectric constant ofop A%t hNE1ddriRelC6ABAning s&BEde'§ré§¥ﬂﬂ%5h§éﬁ%ligﬂ ng
at nost 3: (a) a resin having functlonal groups in its nolecule
and bei ng sol ubl e i n esswoitialt; amheven if such gb)'faacq)a:treaméryt hydc@t:;azaﬁd
condensate of 15 al koxysilanes, of the formula R err]nR2n§j ( )L )
wher ei n each of ®atatdeRdEfinity phythR HlNEritgFesing?Pd dhsndnorganic

component in the formed coating film is not necessarily

10 -adequate. Accordingly, there has been a problem such
that the mechanical strength is small, and the inorganic
component is likely to bleed out on the surface.

As materials having low dielectric constants other
than fluorine resins, a polyquinoline resin (dielectric

15 constant: 2.8), a poly(benzocyclobutene)resin (dielectric
constant: 2.6) as disclosed in e.g. Journal of Electronic
Materials, pp819, vol.23 (1994) and amorphous polyolefin
resins (dielectric constant: 2.2 to 2.4) as disclosed in
Electronics Packaging Technology pp.36, vol.ll (1995)

20 have, for example, been developed. Like the above
described fluorine resins, these resins also have
problems that the modulus of elasticity is small
particularly in a high temperature region, and the linear
expansion coefficient is large, and an improvement has

25 Dbeen desired in this connection.

Accordingly, it is an object of the present invention

to provide a low dielectric resin composition useful as



a non-hydrol yzabl e group, R3 is an al kyl group, and m and n are

I ntegers of fromO to 3 satisfying O<mtn<3. Now, the present

i avention will be described in 20 detail with reference to the preferred

enbodi nent s. A coating filmformed by the resin conmposition of the
present invention is a filmhaving a diel ectTi% “const ant of at nobst 3,
wherein a cured product of the partially hydrol yzed condensate (b) of

al koxysi | anes and t hee.-@5 a spatirg compephtien capablmidfofArPinb@phekERE™ The

resin o (8) and the qured produst gt Lhe Par HLALLIGIUGER! AR s+ 14

condensate (b) are, _ y, “€ross-1rnke
-7- ~ chenical reagiénihiCalydsaepaberelilag1¢i sed high! tdiperaturéeps of
a coupling agent (c) which will be described her ei nafter.

Wth respect to senm ctimelusdoludeof cd@sticbtyriisi amalkl axn tbe, Litiegy

I ntegration and high densification, . are in progress, and .al.ong with the
progress, noises and exPanSd@F‘aW?ﬂﬁs"llﬁﬁﬁl 1%9@[5&8&%%%?‘?%’38% to

i nsul ation filns ' d124eT oSt 2GS LE T & Td L BBin RARSnYALT Pl
films, buffer coat fi?ﬁ%@l{}rﬁ?e%?#?{ 5%‘%?%% ng %Iff ,rha\llré 10néecom
probl ens to be sol veddidiecteliveconstanpr adl #a¥5 asi possiblei.s effective to
apply a filmhaving a | ow dielectric .constant as the insulation film
For exanple, the di ThecPregevhiveRtionrovides & leHediptagtrageresin

composition comprising the following components (a) and
10 (b), and the dielectric constant of a coating £ilm formed
by this composition being at most 3:
(a) a resin having functional groups in its molecule
and being soluble in a solvent; and
(b) a partially hydrolyzed condensate of

15 alkoxysilanes of the formula R R? Si(OR3),_, ., wherein

-m-
each of R! and R? which may be the same or different, is
a non-hydrolyzable group, R?® is an alkyl group, and m and
n are integers of from 0 to 3 satisfying 0<m+nZ<3.
Now, the present invention will be described in
20 detail with reference to the preferred embodiments.

A coating film formed by the resin composition of the
present invention is a film having a dielectric constant
of at most 3, wherein a cured product of the partially
hydrolyzed condensate (b) of alkoxysilanes and the

25 specific resin (a) are uniformly complexed. The resin

(a) and the cured product of the partially hydrolyzed

condensate (b) are, at least partially, cross-linked by a



dielectric filmis about 3 for a device of a design rule 15 (the m ninmum

size of a circuit) of 0.25 pm about 2.8 for a device of a design rule
of 0.18 pm about 2.4 for a device of a design rule of 0.13 pm and
about 2.1 for a devi ce of a design rulegf 0.1 pm Also with
respect to a circuit board such as a nulti-~ 20" layered circuit board, it

has beconme necessary to reduce . hoi ses and delay in_signal grokﬁyagation
attributabl e to an = chemigal zgactdon; PimbySroagn WA ingedHraiiidser |

m ni aturization, hi gqne%gsggiac%irl@zé@?gagg&rt(éf 5 %C¥f'?:[e be desStIMH S

ctive to apply an

Like in the case of sem conduc IS e

i nsulating film havi eraih8fter. dielectric constant. As a
material having a low dielectric constant, a

- 8- resin materi al ¥ath respect| tersemicoaduptern dgyiresbl e.

However, in order to I.ov.vef:gthe dielectri onst an | e sergiio%l |y

L]
required to have & cPARFBRTTERY s BHoh ﬁé‘t%egratloﬁ’oﬁlg?i%%q SSEHEHEECH es

is small, or the dengjdey jhSprogredd®! hna FAWRYCHI LI UhB srs‘%ﬁs%qt 8618dd @nlgends
to serve to mnimze t%e I nteraction anong resin nol ecul es, whereby a

resin having a | ow digdlagt inhcsigmadt prdpagaribhyattoridstable to ibeulakigm or in
t he mechani cal properties such that the nodul us qf _ el asti cj t%t Is small

at a high tenperaturil@e sueh ashdnkeniayeredhalrgtddcc5itng cPageivation ge,

whi ch becones films, buffer coat films or «-ray shielding films, have
10 become problems to be solved. To solve such problems, it
is effective to apply a film having a low dielectric
constant as the insulation film. For example, - the
dielectric constant required for the interlayer
dielectric film is about 3 for a device of a design rule
15 (the minimum size of a circuit) of 0.25 m, about 2.8 for
a device of a design rule of 0.18 um, about 2.4 for a
device of a design rule of 0.13 um, and about 2.1 for a
device of a design rule of 0.1 um.
Also with respect to a circuit board such as a multi-
20 layered circuit board, it has become necessary to reduce
noises and delay in signal propagation attributable to an
insulating film, along with the progress in
miniaturization, high densification and high frequency of
signals. Like in the case of semiconductor devices, it
25 1is effective to apply an insulating film having a low
dielectric constant.

As a material having a low dielectric constant, a



a drawback when the resin is applied to a sem conductor device or a
multi-layered circuit board. A sem conductor device or a

mal ti-layered circuit board is a conposite with a wiring nmetal (linear
15 expansion coefficient: about 20 ppm[err]C) and ot her I norgani c
insulating filnms (linear expansion coefficiénb:~ fromabout 0.5 to 5
ppm[err]C), and it is subjected to a hi gh tenperature of from 200 to
450[err]Cin its prodgeinoraterialpsepheds anflyorinesrpsbkddi Ajaptaliess.

A dingly, if 20 _th dul f_ el LGl . i
ndor 1 08c) of the. i RETPAR g PFAFA IpkEk the HIBARHER Bha g TR 107

200[err] C is small, dgbpti@iiyoReqiifddWoOhatdi@ ichhfadteristicl skall Xhhe
occur, whereby the production yield of the’ device or the nulti-Ilayered
circuit board will depoleatzationsof mpkepudesis tspallli nemrthexgansiton is

coefficient of the insulating fil is Jarge, by a ther,ma stress, due
to di sagr eennt st t rﬂ?_wle!"ﬁgarsﬁr?pé‘ng‘%'haq%&éf#ﬁ SFP98 L? fiFrve to

- 9- Wiring netal,;QnPidehel IRESAHUA ohNEMbRY reEih | mdTecutbdl kihereby &7 €
likely to formin the coating film whereby the production yield is

likely to decrease, @esihehaving aelowhiileilegttic tdonstaet uisually wfndshéo
sem conduct or 5 device or the nmulti-layered circuit board tends to

decr ease. The prEeiar ipyvehe imachreicat QTgREr tipsHsYGhdehat (th&

modulus of elasticity is small at a high temperature, or

10 the linear expansion coefficient is large, which becomes
a drawback when the resin is applied to a semiconductor
device or a multi-layered circuit board.

A semiconductor device or a multi-layered circuit

board is a composite with a wiring metal (linear

15 expansion coefficient: about 20 ppm/°C) and other
inorganic insulating films (linear expansion coefficient:
from about 0.5 to 5 ppm/°C), and it is subjected to a
high temperature of from 200 to 450°C in its production
process and in its packaging process. Accordingly, if

20 the modulus of elasticity (the degree of deformation
under load) of the insulating film at a temperature of at
least 200°C, is small, deformation or flow of the film is
likely to occur, whereby the production yield of the
device or the multi-layered circuit board will decrease.

25 Further, if the iinear expansion coefficient of the
insulating film is iarge, by a thermal stress due to

disagreement with the linear expansion coefficient of the



dielectric resin conposition which is capable of formng a coating
filmwhich satisfies a dielectric constant of 10 at nost 3 which is

i ndi spensabl e to acconpli sh m ni aturization, high densification and
hi gh integration, and a requirenent of not inpairing the production
yi el d or the reliability in the useful 7IPfe of the sem conduct or

device or the multi-layered circuit board, 15 sinultaneously. In the
coating filmfornmed WTing meidlyor otheryipgsganish igpulaieing: £4LRs/ iGFASKEI on,

the resin having a aaPO#%\‘Neldi %Ioegggthcitncg?gtgggti% df\igrﬁm@;}reggbpr%uct of

t he partially hy yzed’ condensate (b) are udni conpl exed,

wher eby the nmechani c@roR18PES iy@e18ULd) 1akel fieto Heckeasd) o2XRRESI ON
coefficient and the nodul us of el asticity at a high tenperature, can

be inproved while reljabitidimiingthe aisgifudt Iifmlofptbp esaniconddckdre resin
as far as possibl e, The, functignal groups in . the nol ecul e of
the resin 25 (a)5i n9%eHdcprcdhe Phvehagare r%‘rﬁgége M tﬁf‘gﬁpt?
crosslinkable with traeecﬁggé+' al ly hydrol yzed condensate (b) or with the
coupl ing agent (c) which wll be - 10
- descri bed herei naftherpresent invenklienf iiscintendedgtoypevidetdidow

mol ecul e of the resin (a) may, for exanple, be groups_ of carboxylic
acid derivat i vedligheateic F2ppBxSINROsAtion shich if ppabde of forming

a coating film which satisfies a dielectric constant of
10 at most 3 which is indispensable to accomplish
miniaturization, high densification and high integration,
and a requirement of not impairing the production yield
or the reliability in the useful life of the
semiconductor device or the multi-layered circuit board,
15 simultaneously. In the coating film formed by the resin
composition of the present invention, the resin having a
low dielectric constant and the cured product of the
partially hydrolyzed condensate (b) are uniformly
complexed, whereby the mechanical properties such as the
20 linear expansion coefficient and the modulus of
elasticity at a high temperature, can be improved while
maintaining the electrical properties of the resin as far
as possible.
The functional groups in the molecule of the resin
25 (a) in the present invention, are preferably groups
crosslinkable with the partially hydrolyzed condensate
{b) or with the coupling agent (c) which will be



5 carboxylic acid am de groups, groups of sulfonic acid derivatives
such as sulfonic acid ester groups or sul fonic acid am de groups,

hydr oxyl groups, carboxyl groups, sulfonic acid groups, nitrile
groups, nmal ei m de groups, am no groups, al koxysilyl groups, or silanol
10 groups. Fromthe viewpoint of conpati br 144 y with the partially
hydrol yzed condensate_(b) .in_the present I nvention, the proportion of
the functional groupsiessrihed hereipafterya) is preferably at least 1 pnol,
nore preferably fro Q, S ref.er Ynd 1 3,000
15 pm per g of the res?r?%(g'?nétmq'g? 8%{}%5 :Ig %{)iﬂg’\}gga?%aotff ttﬁg]séeéﬂl
functional groups int@)ashy, for @xafmpdél bBY gholpe dFachirbBbtyplikydeddyzed
condensate (b) or the after-nentioned coupling agent (c) in a

sol ution, so t heterdvahives Aush| asiearboxilbe anidaPAter HFQYPS QX
consequently, a uniformcoating f.ilmcan be obtained. From.the.

Vi ewpoi nt of corrpéti b‘fﬁr}}bf’ifyél\ﬁ %“tlﬁealﬁh% i%fﬂ“?s' groul?fd?%li/"%leg(?néSn%i%lndsat e
(b), the functional geRyRatived Much as SDIRMILCadia ldeet Egidupsaprar e

pref erably hydroxyl groups or carboxyl groups. 25 The resin (a)
in the present inventsulfonicsaticl aadde groupsenhydmoxylhgvouns t lreérboxyl
above-nentioned functi onal grougos . .and low digelectric constant s.,4 n
order to make the  9roups, sulfonicopetd (qroupgnstitifillsr TIPS oRAF A9 m

formed by the  coal,ng, COMRRSELADs OfarkBEyBIRACYrokBY Sy 801407 | evel

10 groups. From the viewpoint of compatibility with the

partially hydrolyzed condensate (b) in the present
invention, the proportion of the functional groups in the
resin (a) is preferably at least 1 gmol, more preferably
from 1 to 10,000 uzmol, most preferably from 1 to 3,000

15 wm, per g of the resin (a).

It is believed that these functional groups interact
or react with the partially hydrolyzed condensate (b) or
the after-mentioned coupling agent (c) in a solution, so
that a uniform solution can be obtained, and

20 consequently, a uniform coating f£ilm can be obtained.
From the viewpoint of compatibility with the partially
hydrolyzed condensate (b), the functional groups in the
molecule of the resin (a) are pfeferably hydroxyl groups
or carboxyl groups.

25 The resin (a) in the present invention is selected
from those having the above-mentioned functional groups

and low dielectric constants. In order to make the



of at nost 3, the dielectric constant of the resin (a) is required to

be at nost 3, preferably at nost 2.8. 5 Further, the nodul us of
el-asticity of the coating film formed by the coating conposition of
t he present invention, at a tenperature of at |east 200C, is at

| east the nodulus of elasticity of the resin ](]a)‘ The wei ght

average nol ecul ar wei ght of the resin (a 10 is not gsrtlcularly limted,
but it is preferably dedsartric cpngpant @ 1t090°‘2ﬁm-n9n§11 prEFERaBY yEH& om

5,000 to 500, 000. en the re ri t _
fluorine content is @pgf‘gb‘f‘iﬂﬂqs&%‘ﬂ’b ({ag t‘Li'ﬁ W%/%e % ‘?er[t%% pre é“rala VIey from
50 to 70 wt% 15  of A3 AYsh B Eﬁél@lél@):uwec&@thawm tlh@Si:6§1r( 10a)t @s(4)
may, for exanple, be nentioned. Anong them the resin (1) or (2)

is preferred. requiyed §d ber ahemosisidn heefergbilunat inasdl 2¢Boups in its
Tain chaint S TOEAReR, (YR ARABLPEdIE ﬁaaﬁrgt't‘&ua%mifaro‘ééﬁﬁéﬁfé%' s
hai me o R o e e S T present 25
functional groups in idveneDbrsHtea aélﬁberature of atd)ledst eX0tCGOhs @tNi Ng no
fluorine, or a fluorine resin having functional groups inits

nmol ecul e, ot her least the modulus of elasticity of the resin (a).

The weight average molecular weight of the resin (a)

10 is not particularly limited, but it is preferably from
3,000 to 1,000,000, more preferably from 5,000 to
500,000. When the resin (a) is a fluorine resin, the
fluorine content is preferably from 40 to 70 wt%, more
preferably from 50 to 70 wts.

15 As such a resin (a), the following resins (1) to (4)
may, for example, be mentioned.

Among them, the resin (1) or (2) is preferred.

(1) A fluorine resin having functional groups in its
molecule and a fluorine-containing aliphatic cyclic

20 structure in its main chain;

(2) A fluorine resin having functional groups in its
molecule and a fluorine-containing aliphatic structure in
its main chain;

(3) A fluorine-containing condensed resin having

25 functional groups in its molecule; and

{4) A resin containing no fluorine, or a fluorine

resin having functional groups in its molecule, other



- 12 - than the above resins (1) to (3). Firstly, the
fluorine resin (1) may, for exanple, be t he one havi ng functi onal
groups introduced to a fluorine resin having a fluorine-containing
aliphatic cyclic 5 structure in its main chain, which is obtained by
cyclic pol ymeri zation of a fluorine-cont¥ M ng nononer having at

| east two pol yneri zabl e doubl e bonds, or obtai ned by pol yneri zing a
mononer havi ng a fl udthametbenakove mgsins (13| tphbdl< cyclic structure. 10

The expression "having a _fl uorine-containn . lJ phati ||
S ane tL0orta) penn, (0 RAGH; for iabBle b5

structure in its main chdrf one

carbon atom constit Ut§fif one hatily uhe¥ddal GrHEpd Sntr6aadsd tat ANElvodine
carbon chain constituting the main chain, and a fluorine atomor a 15

f1 uori ne-cont ai ni ng grexim havindedluoratedocoateininmefipliatic cychéccar bon
atons constituting the aliphatjc ring., ] The fl uori ne- ogtain%p%
nononmer havi ng at 3 eafruckyre in ﬁiﬁl%ﬂh?i?ﬂ%&Pe i ésbB?ﬁﬁfqﬁéy,yffﬁc .
exanpl e, be a nononer @l Lo g5ty Lg%g i%ﬁh hdnomecIhaPind Ak
In the 20 fornulas ?oe])yﬁeég%%ﬁﬁegghgo{!%ltg et%r , %[ er rc']me toaY[ne‘irr] ,

Z[err] to Z8 andidf<rr kot poliheribasie @oabledepdiajeat atadnedabpt her,
S F or CF[lerr]. .. The nononer having a fluorine-cqgntaining
al i phatic cycl i coakymesinieg maonemer dayipscd PaozingrrARR1BEGhe 25

following formula (i) é&?tpr %QH I n thq:fornulas (1) to (k), each of
X[err] to Xerr] whi cH-YRR8 Fﬁd%% FeRET AT Se another, is F or CF3,
and each of R4 to RO Whi GlheBb@pression "having a fluorine-containing
aliphatic cyclic structure in its main chain" means a
structure in which at least one carbon atom constituting
the alicyclic ring is a carbon atom in the carbon chain
constituting the main chain, and a fluorine atom or a
15 fluorine-containing group is bonded to at least a part of
the carbon atoms constituting the aliphatic ring.

The fluorine-containing monomer having at least two
polymerizable double bonds may, for example, be a monomer
of the following formula (e), (£), (g) or (h). In the

20 formulas (e) to (h), each of T! to T2, ¥l to ¥!0, 2! to
%8 and W' to W8, which are independent of one another, is
F or CFj.

The monomer having a fluorine-containing aliphatic

cyclic structure may, for example, be a monomer of the
25 following formula (i), (j) or (k). 1In the formulas (i)
to (k), each of X! to X6 which are independent of one

another, is F or CF;, and each of R% to R? which are



- 13 - I ndepende
CnF[err]Herr](err],
I nt eger

and Rlerr],
ring.

(f) Cy[err]y2=cy[err]
CZ[ err] Z2=Cz30CzZ4Z5CZ
10 CX[err]=CX2
havi ng an aliphatic C

R6 and RY

nt of one another, is F,
wherein n is an integ

of fromO to 5 qis an integer of fromO to 2

, or R8 and R9, may bond._to

ocy4y5cy6y7cy8=cy9y10.

péepéndent; pL one ‘apkhesy o5

err]Flerr] or

er of fromlto 5 pis an
or, Rlerr]
each other to 5 forma

(e) CT[err]T2:CT3CT4T5CT6T[err]CT[@rF]T9CT[err]:CT[err]T[err]

%%WMV@ML‘M'GI’ r]

wh%@ignc}% is an in

struct

yCI T

el o2 % rom 1 106 f Ip”@éié'r?_irnﬁ:gbgr

reinits main chain, which is

obtai ned by cyclic
havi ng at

of £P&h W R Batq ik ah Bnfdgear bBefrmndatai 2g orpnefer
is known, for

exanpl e,

| east two golﬁnerizable doubl e ands,

i n Japaneseapgd

eandR’'ener RbEndaR

| oMagiobond o eagh rEheggtoNo,

238115/ 1988 or

No. 316235/ 1995.

Nanel y,

It can be obtained by

such as perfluoro(allylvinylether),

honopol yreri zati oh oft®A™ndrioher

per fl uoro(but enyl vi nylgt brpe_p3crirScimtrtdcelhicyrisrel oxynet hane) or its

copol ynmeri zati on

25 wth a radical pol

nmeri zabl e nononer. The

radi cal pol ymeri zabl 4 £yoepveecriocy ey Sataniscyy10

(g) czlz2=cz3ocz4z3cz6=cz728
(h) CWlW2=CW3OCW*WS0CWS=CW7W®

10 cxl=cx? cx3=cx4 O~CFRS
I I /
0 o 0 O cx5x6=c |
\/ | .
C CF—CF O-CFR
2% Yo g6 R7
(i) (3) (k)

15 The fluorine resin having an aliphatic cyclic
structure in its main chain, which is obtained by cyclic
polymerization of a fluorine-containing monomer having at
least two polymerizable double bonds, is known, for
example, in Japanese Unexamined Patent Publication No.

20 238111/988, No. 238115/1988 or No. 316235/1995. Namely,
it can be obtained by homopolymerization of a monomer

~ such as perfluoro(allylvinylether),
perfluoro(butenylvinylether) or
perfluoro(bisvinyloxymethane) or its copolymerization

25 with a radical polymerizable monomer.

The radical polymerizable monomer may, for example,

be at least one member selected from the group consisting



be at | east one menber selected fromthe group consisting

- 14 - of .ol efins such as ethyl ene, perfluoroolefins such as
tetrafl uoroet hyl ene and hexaf | uor opropyl ene, and
perfluoro(al kyl vinyl ethers) such as perfl&mwo(butyIV|nylether) 5
The fluorine resin having an allphatlc cycllc structure in its main

chain, which is obtained b nmerization of__a no havi.ng a

f1 uori ne-contai ning ©°f °15¥+?ﬁ1§t"1° 2 c?'il"(yiﬂ‘?u&"ﬁrf&“f’%%ﬁﬁ speh g"é&anpl e,
in Japanese Exa E5UenFubhé Gald RBxruckBRE4hHARR , Ohna 10 Japanese
Unexam ned Pat ent Pub’qe:lggﬁf%% No. 6701%%995:‘ “ %aéﬁlﬂ it réan be

obt ai ned by honopol yserifaabtotalklylainylethewapnmucthasi ng a

fluorine-containing cyclic structure, such as
per f | uor o( 2, 2- di met hyderf1goep Gusvayinylether),

trifluoro-5-trifluoronet g,gxyffuorlq'eoxgsm %ﬁ{é& an Jailﬁﬁgé’ié”@rcﬂét lon with

t he above-nention@d radi neri z rther,
it may be a fluorine diggicBupdtsai riQQ Jaam chaifip e MUKE L & ZbBiGh idedOBPEN havi ng

a fluorine-containing al i phatic cyclic structure, such as
perfluoro(2,2- 20 dipwdyherizatdodi ofod er)on@mez e vi.ngr affhmréns-contalnmg
trifluoronethoxy-1, 3-di,oxol g, a fluagrine- £ont tainin

having at |east two ;ﬁﬂ?ﬁéﬁ%dﬁlcélﬂoﬁﬁ 5hdsts n°wn$ug?f a?é‘amg?e’ i

perfluoro(alIyIvinquﬁ&gBLse Examined Patent Publication No. 18964/1988 or

10 Japanese Unexamined Patent Publication No. 70107/1995.
Namely, it can be obtained by homopolymerization of a
monomer having a fluorine-containing cyclic structure,
such as perfluoro(2,2-dimethyl-l,3-dioxole) or 2,2,4-
trifluoro-5-trifluoromethoxy-1,3-dioxole, or its

15 copolymerization with the above-mentioned radical
polymerizable monomer.

Further, it may be a fluorine resin obtained by
copolymerizing a monomer having a fluorine-containing
‘aliphatic cyclic structure, such as perfluoro(2,2-

20 dimethyl-l,3-dioxole) or 2,2,4-trifluoro-5-
trifluoromethoxy-1,3~dioxole, with a fluorine-containing
monomer having at least two polymerizable double bonds,
such as perfluoro(allylvinylether),
perfluoro(butenylvinylether) or

25 perfluoro(bisvinyloxymethane).

The £fluorine reéin having a fluorine-containing

aliphatic cyclic structure in its main chain is



pérfluoro(butenylvinylether) or 25 perfluoro(bisvinyl oxynet hane).

The fluorine resin having a fluorine-containing aliphatic cyclic
structure in its main chain is - 15 -
preferably the one containing 20 to 100 nol % t he

fluorine-containing aliphatic cyclic structure’in the repeating units
of the fluorine resin, in view of the t ransparencg nechani cal
properties, etc. 5;prefer§h%nyhq BRFnEPWﬁﬁ?Hbﬂg 9 qPolég)mQ%*e Brﬁ?%rred as

nmet hods for introduci t v L uor fesin
(1). 1) A rre{}%oéggg én ch)' ng é{f? 6{:(;\f'yc$igu§§n%coturfe ¥R tl.l{be

termnals of a fluorifngeatshd tb'ﬁt@abEth fubriie rek@npoliy nEkwzetitie i n t he
presence of an initiator or a chain transfer agent having a functional
group such as a mnbpﬁyemghoulsch@mq%lspﬁpéﬁﬁlﬁn 8F®up such as an acy!

GroUD. 1113 TOLSEU S ame prtofieg pRBRRCST b EOCIVE. A lbATS o1
pol ymeri zation in tNhegdiheagnes: qfnt@adwiﬁd Fuabt MnA GR8LPs for théadsdwl
agent having a functional group such as a sul fonic acid group, or its
precursor group, in ifilmorine redigcylle. 20 3) Anmethod in which a
fluorine resin is subjected to
1) A method of introducing carboxyl groups to the
terminals of a fluorine resin by carrying out the

10 polymerization in the presence of an initiator or a chain
transfer agent having a functional group such as a
carboxyl group, or its precursor group such as an acyl
group, in its molecule.

2) A method of introducing sulfonic acid groups to

15 the termihals of a fluorine resin.by carrying out the
polymerization in the presence of an initiator or a chain
transfer agent having a functional group such as a
sulfonic acid group, or its precursor group, in its
molecule.

20 3) A method in which a fluorine resin is subjected to
high temperature treatment in the presence of an oxygen
to oxidize and decompose side chains or terminals of the
fluorine resin, followed by water treatment to introduce
carboxyl groups thereto.

25 4) A method of introducing carboxylic acid derivative

groups to side chains of a fluorine resin by

copolymerizing a monomer having a carboxylic acid



hi gh tenperature treatnent in the presence of an oxygen to oxidize and

deconpose side chains or termnals of the fluorine resin, followed by
water treatnent to introduce carboxyl groups thereto. 25 4) A
met hod of introducing carboxylic acid derivatjve groups to side chains
of a fluorine resin by copol yneri zi ng a Yoroner havi ng a carboxylic
aci d - derivative group

16 -
such as nethyl perfl| §gréyativa-gyoup such as: Babhyleperfluoro(5-0Kg8=6¢ et hod of
i nt roduci ng sul fonic i [vative groups to side chains of a
fluorine resin by gé%%g3$§%%%ﬁzing a nmononer having a sulfonic acid

derivative group, such as)pgridtundaoos, bnttiodsaidg Brillfphid-acid derivative
octenesul finyl)fluoride. 6) A net hod wherein carboxylic acid
derivative groups groyps b dridley ghaing afapbBlyarigeotipsin &ar boxylic acid
10 derivative groups are.reduced to hgdroxyé groups, & qf ac.garboxylic
acid derivative gPoufPPRAIREHAHLS & BOPQNCE: 837109 2 FRITIME 85Hoxyl i ¢ acid

ani de groups. deriVafi veldiodpVai@i AsCpePOMIdrods PsHE oXae 4L dsto
hydr oxyl groups, and carboxyl groups and ami nes are 15 reacted to form

carboxylic acid am decteoagslfinyl)fluorid®le.A net hod wherein carboxylic acid
dorivative groups ale feacted WLl ATIONLE,. 10 LOIS I JENS GAQL 1O
form
are hydrolyzed to carboxyl groups, carboxylic acid
10 derivative groups are reduced to hydroxyl groups, and
carboxylic acid derivative groups and amines are reacted
to form carboxylic acid amide groups.

7) A method wherein carboxyl groups are reduced to

hydroxyl groups, and carboxyl groups and amines are
15 reacted to form carboxylic acid amide groups.

8) A method wherein carboxylic acid derivative groups
are reacted with ammonia, followed by dehydration to form
nitrile groups.

9) A method wherein sulfonic acid derivative groups

20 are hydrolyzed to sulfonic acid groups.

10) A method wherein aﬁines are reacted to sulfonic
acid derivative groups or sulfonic acid groups to form
sulfonic acid amide groups.

11) A method of introducing alkoxysilyl groups or

25 silanol groups by reacting a silane coupling agent or the
like to carboxyl groups or hydroxyl groups.

Secondly, the fluorine resin (2) may, for example, be



nitrile groups. 9) A nmethod wherein sulfonic acid derivative
groups 20 are hydrolyzed to sulfonic acid groups. 10) A nethod
wherein am nes are reacted to sulfonic acid derivative groups or

sul fonic acid groups to form sul fonic acid am de groups. 11)
A method of introducing al koxysilyl groups orl7 25 silanol groups by
reacting a silane coupling agent or the | i ke to carboxyl groups or
hydr oxyl groups. a copolymemdify tetrafuogeptieleneswith A nogpmey jjaving
exanpl e, be . . . . - 17 - C ymer
of tetrafl uoroet hyl efe SRFPR*H 4o A5ARr d§RVRTSYe 97OUR (g:sﬁr oiuyﬁffgggczlg)%q

derivative group or gPeiibheN¢ @ouf such aACheVYl LRryl o (F+okkaas— Met hyl
per f 1 uor o(5- oxa- 6- hept enoat e) ,

per fl uoro(4, 7- di oxa- heptehyatd),npeeibadm (@, 7-dfoxa-5-methyl-8-nonenocate or
perfluoro(3, 5-di oxa-4-net hyl - 7-oct.enesul fi n}/ll fluoride ol ymer

of tetrafluoroet hyl eRETHLBAT? by Sa0b0%a—4-methypn T%&Beﬁ‘bm&?%ﬁg?f%%d
carboxylic acid deri chrt 'avgap?lymeg:r QgPt(g{rha%lﬁHL&&fy&eﬁﬁ' #1 e Tth¢ahbaife-gr oup

and a nononer sel'ecte rrome. yl ene, af | uor opropyl ene and a

10 perfluoro(al kyl visaHt@bhiéd )Jmonokgr "E&ing0h cardmxylliccacid derivative
derivative groups or sulfonic acid derivative groups in such fluorine
resins (2), carboxyl gpospper #awlfepic acid gepiyativeappeud1and acPeRreliftde

groups, nitrile groups '

or sil anol selected EruclrJ %nac gﬁ{yq_e%gi’ dl?e:grfqld8§0pxaclg§q)é¥§i éﬁﬁ aJroups
10 perfluoro(alkylvinylether). By means of carboxylic acid
derivative groups or sulfonic acid derivative groups in
such fluorine resins (2), carboxyl groups, hydroxyl
groups, carboxylic acid amide groups, nitrile groups,
sulfonic acid amide groups, alkoxysilyl groups or silanol
15 groups may, for example, be introduced in the same manner
as the above-mentioned methods 6) to 11) for introducing
functional groups.
The fluorine-containing condensed resin (3) may, for
example, be fluorine-containing polyimide resins
20 disclosed in e.g. Japanese Unexamined Patent Publications
No. 104129/1985 and No. 282875/1991 or fluorine-
containing poly(arylene ether) resins disclosed in e.g.
U.S. Patent 5,115,082.
The resin containing no fluorine, or the fluorine
25 resin (4), may, for example, be polyqﬁinoline resins,
poly(benzocyclobutene)resins as disclosed in e.g. Journal

of Electronic Materials, pp8l19, vol.23 (1994), amorphous



15 groups may, for exanple, be introduced in the sanme manner as the
above-nentioned nethods 6) to 11) for introducing functional groups.
The fluorine-containing condensed resin (3) may, for exanpl e, be
fluorine-containing polyimde resins 20 disclosed in e.g. Japanese
Unexam ned Patent Publications No. 104124¥ 1985 and No. 282875/1991 or
fluorine- containing poly(arylene ether) resins disclosed in e.g.

u. S. Patent 5 115, 08polyolefin rephas rassidissdased mnng fio FYeFEFPRECS or t he

fluorine resin e ui ne resins,
pol y( benzocycl obut enf?)a Eg‘ﬁh%é afisechpgg??rg E ‘Pool o&?%afi of
El ectronic Mterials, &@Q@roéﬂloggtéﬂ@%g—m&mﬁﬂ resins as disclosed

18 - ponoIefln resins as disclosed in e.g. Electronics
Packaglng Technol ogy impU38, Raﬂen115(3§KM3n7. and figokinereanteinbeg ane
ri ng-containing resins as disclagsed U, S Patent 5,364, ,..and
fl uori ne-cont ai ni g aeraFEﬁﬁﬁQ%inﬁeé?rﬁ%%%}°aF§de§h§ |?F§9€% épgﬁigﬂf%
5, 405, 677, A megh t drd87h1 G:HRs O die
resins (3) and (4), nay,hfggtéggé%ﬁ ?9 e a ne%h%g{of ggusmg term nal

groups or a nethod ofreg@ps! yIerand 19) A may, fébtnetamphel o aupetbod i ng
conponent, in the sane manner 10 as for the resin (1). The coati ng
conposi tion of the prsdadt texmiawli groups orc 3 Fhads of heoralgwer #eing dned

resin (a) having fun%%ngglonal group-containing component, in the same manner

10 as for the resin (1).

The coating composition of the present invention
comprises the above-mentioned resin (a) having functional
groups in its molecule and a partially hydrolyzed
condensate (b) of alkoxysilanes of the formula

15 leRznsi(0R3)4_(m_n), wherein each of R' and R? which may
be the same or different, is a non-hydrolyzable group, R3
is an alkyl group, and m and n are integers satisfying
0<m+n<3, as essential components.

In the formula, the non-hydrolyzable group is

20 selected from C,_,, non-hydrolyzable groups, since they
are readily available. The non-hydrolyzable group may
have a functional group which is crosslinkable with the
resin (a) or with the coupling agent which will be
described hereinafter.

25 The non-hydrolyzable group may preferably be, for
example, an organic group having a reactive group such as

a y-glycidoxyproply group, a y—aminopropyl group, an



-

groups inits nolecule and a partially hydrolyzed condensate (b) of
al koxysilanes of the fornmula 15 Rerr][err]Rerr]Si(OR3)[err], wherein

each of Rerr] and R2 which may be the sane or different, is a
non- hydrol yzabl e group, R3 is an al kyl g:é)up, and mand n are integers
sati sfying O<m+n<3, as essential conpon 3 In the fornmula,

the non-hydrolyzable group is 20 selected fromCerr] non-hydrolyzabl e
groups, since they amln&?éeﬁ‘l@a(ﬁrwpa‘?’élQ%HréheWVnBﬂlwgzﬁb? g@8up

may have a funct| nal [ S b resin
(a) or with the coupli (r?f 1 ‘&y%ﬁl chg%]vl% §ne§.59f élhﬂ{g’(ﬁa}s%rﬁl%el'éhherel nafat er.
25 The non- hydrcﬁﬁbﬁbl §r&iPR HBbutylelhesap) )arba,lkéﬂyl groupexadiplas, aan

organi c group having a reactive group such as a y-glyci doxyproply
group, a y- an1nopropyvquﬂogpoupy1an aryl group such as a phenyl group or a . 19

- am nophenyl group or an .am nopr op or |_kyl
group such as a mét hyi°itoBFouRn °gt %’J"b‘%/dﬂﬁ cq tam%nﬁ Bg‘ﬁﬂ 855 sucn as
butyl group, an al kery'u&ﬁs@&&&ﬁm 2Sgfoup, a ¥i{¥ludtbpHEpy Alyrauy) aroup
such as a phenyl group or a P( group, or a fluorine-contalning alkyl
group such as a ;terntfalfmmmmttly;‘cl ggoup a2 aohaffuorohexybgrougr cap, a
pent af | uor obutyl group, a nonafl uor ohexyl tridecafl uoroocty

group, a heptadecaf| lk?-’rléﬁééﬂ“m%rgmup'rOuﬁ%‘iﬁ%@’éﬁ”‘lﬁﬂd@ﬁ%eﬁﬁupg%up
10 A fluorine- coantl,%lp achféll@élrogﬁé’égirlha\fbﬁ‘;g. fluorine

10 A fluorine-containing alkyl group having fluorine
atoms and hydrogen atoms, such as a trifluoropropyl
group, is preferred, since a compound having a:
perfluoroalkyl group at a terminal of an alkyl group,
such as a 3,3,3-trifluoropropyl group, is readily

15 available.. Accordingly, the fluorine-containing alkyl
groups in the fluorine-containing alkoxysilanes which
will be described hereinafter, are preferable selected
from such fluorine-containing alkyl groups.

R3 in the formula is preferably a C,_g alkyl group,

20 since such a group is readily partially hydrolyzable.
More preferably, it is a C,_, alkyl group such as a
methyl group, an ethyl group, a propyl group or a butyl
group.

The partially hydrolyzed condensate (b) in the

25 present invention may be a partially hydrolyzed

condensate made solely of one member selected from the

those of the formula wherein m=n=0, m+n=1l, m+n=2 and



atons and hydrogen atons, such as a trifluoropropyl group, is
preferred, since a conpound having a perfl uoroal kyl group at a

term nal of an al kyl group, such as a 3, 3,3-trifluoropropyl group, is
readily 15 available. Accordingly, the fluorine-containing alkyl

groups in the fluorine-containing al koxysi | ams “whi ch will be

descri bed hereinafter, are preferable selected from such

f1 uori ne- cont ai ni ng atﬂnyB g@!)uaospartlally hydrgly3ed [fenfersaties mpde pleftdioabl y

a CJerr] alkyl group, I NnGe _suc ro | S readlly partially
hydr ol yzabl e’ NﬁFémﬁF%ﬂ% 2 s?}e?€§ ng ™ kyl group such as a

methyl group, an ethyl OpgyBves, RARBYYs AHeR Qﬁe?eltww-h—& of ¢bQ@HPe, have
The partially hydrolyzed ‘condensat e (b) inthe 25 present invention nmay

be a partially hydrolonigdone hydrodgealsks @roapgeisdiheliy nélegvdesended as
selected fromthe those of the formula_wherejn_nen= mtn=2 and
- 20 - mrn=35 ors“é’hpaf*'*i“i1 A9ty ERYARARELEH LR AL YEed rfﬁﬂ’geBFa?% or

nore nembers sel ected,fram tx'&fgrdmglmcﬁ k@?@%ﬁnesabﬁgi‘é/ﬁi Inﬁge§ hengel

mtn=3, of course, have e group In ei r nol ecul es,

and as 5 such, can iPlcohBinagidnt Iwa{:ﬁ}'a]fk)b@tﬁ(eiyiﬁk wh8fens ai=as0, m+n=al,one.
Accordingly, alkoxyS|Ianes wherein mtn=3 are used i n conbinatjon with
al koxysi | anes wher ei remmind2, rfqr=lthe purpose of suppressing an excessive

reaction of the partially hydrolyzed condensate of

10 alkoxysilanes in the solution. The alkoxysilane wherein
m+n=3 are preferably at most 10 mols, based on the total
alkoxysilaneé.

A partially hydrolyzed condensate made solely of an
alkoxysilane wherein m+n=2, forms a linear condensate and

15 can not take a three dimensional structure, whereby it is
not so effective to improve the mechanical properties at
a high temperature of the resin. Accordingly, the
alkoxysilane wherein m+n=2 is preferably employed in
combination with an alkoxysilane wherein m=n=0 or m+n=l.

20 The alkoxysilane wherein m+n=2 is preferably at most 30
mols based on the total alkoxysilanes.

Preferred examples of such alkoxysilanes include
tetraalkoxysilanes such as tetramethoxysilane,
tetraethoxysilane and tetrapropoxysilane,

25 monoalkyltrialkoxysilanes such as methyltrimethokysilane,
methyltriethoxysilane and phenyltrimethoxysilane,

monoalkenyltrialkoxysilanes such as vinyltrimethoxysilane



or mn=2, for the purpose of suppressing an excessive reaction of the
partially hydrol yzed condensate of 10 al koxysilanes in the solution. The
al koxysi | ane wherein mtn=3 are preferably at nost 10 nol % based on

t he total al koxysi | anes. A partially hydrol yzed condensate
made solely of an al koxysi | ane wherei n"n#h=2, forms a |inear
condensate and 15 can not take a three_ dinensional structure, whereby it

i s not so ef f ectande syl kpieihexyREIFRONEAPCEINGCOPERINEY at

a
hi gh tenperature of t r esi, Q??]éccs rcgi 99"é’fifﬁﬁgwmew%ﬁ%%’%ﬁgﬁ}mf ein

mn=2 is preferably eWpiBYE&d cOnbination w ane
wherei n mEN=0 or mN=,; £12@r JPFopy A NEERGHYBIMARELI N MN=2 i s preferably at

nost 30 nol % based on the total al koxysil anes. Preferred
exanpl es of such al kopersidfanesobuiiltdémethoxyséiianed koxysi | anes such as
t et ramet hoxysi | ane, t etraet hoxysi |l ane and tetrapropoxysilane, 25

monoal kyl tri aIkoxy%iI%RﬂﬁfL§86ﬂh%ﬁyﬁ$§PH9F??ﬁﬁ?ggﬁB%ysiIzane,
methyl triethoxysil ane, cgﬁﬂéf#&dt@ﬁwﬁffé/&idx%ﬁane,_

nonoal kenyl tri al koxysirTanes such as~ vinyltrinmethoxysilane
- 21 - and vi nyl aépteideesysudsdecyl t tindthexgsaitameni ng
al koxysi |l anes such as trifluoromethyltrimnmethoxysil ane,

trifluoropropyltrinethensasecaftuorodecy huethildipe BRRRRALLRAN®t hoxysi | ane,

heptadecafluoroundecyltrimethoxysilane, (4-

10 perfluorobutylphenyl)trimethoxysilane, (4-
perfluorohexylphenyl)trimethoxysilane and (4-
perfluorooctylphenyl)trimethoxysilane, epoxysilanes such
as y-glycidoxypropyltrimethoxysilane and y-
glycidoxypropyltriethoxysilane, fatty acid aminosilanes

15 such as y—aminopropylmethyldiethoxysilane and y-
aminopropylethoxysilane, and aromatic ring-containing
aminosilanes such as aminophenyltrimethoxysilane,
aminophenyltriethoxysilane and N-phenyl-y-
aminopropyltrimethoxysilane. These alkoxysilanes may be

20 used alone or in combination as a mixture of two or more
of them. BAmong these alkoxysilanes, fluorine-containing
alkoxysilanes have high compatibility with the fluorine
resin, and tetraalkoxysilanes are suitable particularly
for the improvement of the mechanical strength at a high

25 temperature, since they will be inorganic if the
hydrolytic condensation reaction is completely carried

out. For the same reason, preferred is a partially
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5 nonafl uorohexyl tri met hoxysil ane,

tridecafl uorooctyl trinmet hoxysil ane,

hept adecaf | uor odecyl tri met hoxysi | ane,

hept adecaf | uor odecyl net hyl di met hoxysi | ane,

hept adecaf | uor oundecyl tri met hoxysi | ane, (4-— 29~

per fl uorobutyl phenyl )tri nmet hoxysil ane, (4-

per f | uor ohexyl pheny| )hiydrokyrek wi-candensate( of tetraalkoxysilanes and
perfl uorooctyl phenyl)trimet hoxysil ape, %.oxysi anes such as
y-gl yci doxypr opyl t ri fetUREkeTS 13hp9 plkoxysilanes.

gl yci.doxypropyl tri et hoxygickap@indi3,, ! ¥n&e i (AGLPON a8 14 isedUSH &fe

y-am nopr opyl nmet hyl di et hoxysi [ ane~and y- am nopr opyl et hoxysi | ane, and
aromati c ring-contai ndeadn havirgrianbsw| diedecstuid amstant, from the

am nophenyl tri met hoxysi | ane, am nophenyl tri et hoxysi | ane and

N- phenyl - y- ani TOSVEBYNt fmePRBRY RIS, Yith SBeaF Ry SFahBe nay be
20 used alone or in 'Conggr?%ﬁto%fa’ﬁh@ :ﬂ@[&ta%@affsérmg% é@raelhiﬁh of them
, nt al ni ng anes

Among t hese alkoxysifgﬁbs uori ne-co OXYSI have hi gh
conpatibility with theupebgtife it is'&Edttianded &inpady kene twbatppesnics
suitable particularly for the inprovenent of the nechanical strength
at a high 25 tenperatkoxgsikanase inhegmhiinatipe. i Rargaautanrly preferred is

hydrol yti ¢ condensation reaction is conplete carried .. out . For the
nga r)éason, pr ef err@dqa§eawlb%ﬁe[iinap:p§ pr;poportlign oafr a partially Hydrofyzed

- 22 - hydr gl.yz ed,\a@nE Q08 L8Rt s g LRt TaalkaXyShbangs and
fluoré;lkylsilanes per mol of tetraalkoxysilanes, is at
least 90 wtg of the partially hydrolyzed condensate (b).

Here, fluorine-containing alkoxysilanes mean
compounds having a fluorine atom or fluorine atoms bonded

15 to at least one group selected from R! and R? of the
alkoxysilanes of the above—mentioned formula.

The condensation reaction of alkoxysilanes can be
carried out by a known or well-known methods. For
example, a method may be mentioned wherein the

20 alkoxysilanes are subjected to a hydrolytic condensation
reaction by an addition of water in the presence of a
solvent and a catalyst. In such a case, heating may be
carried out, as the case requires. As the catalyst, an
inorganic acid such as hydrochloric acid, nitric acid or

25 sulfuric acid, or an organic acid such as forming acid,
oxalic acid or acetic acid, can be used. It is usually

preferred to set the molecular weight of the product



fl uori ne-contai ni ng al koxysi |l anes. Accordingly, when a fluorine
resin is used as the resin having a | ow dielectric constant, fromthe
5-vi ewpoi nt of conpatibility with the resin and the I mprovenent of the
mechani cal strength at a high tenperaturg, it is effective to enploy
the two types of al koxysi |l anes in conbi ion. Particularly preferred
i's a case wherein the proportion of a arti%l h dro§¥zed 10

|
condensate conpri si n§i&hipehsiange20hptrgr 500 to 4 u8¥8a % YRR LIFEA Rl
of tetraal koxySI ! anesmolleg‘.lgﬁrre wefilghl;e@.ﬂ[cqut%%é)];?oﬁpgt%ﬁé,auﬂam g!yyzed

condensate (D). uor 1 ne-contai ni ng al Koxysi | anes -nean
conpounds having a flgear peemedtiBn0En  dmitioigh &plky (EPChPNEiesh the viewgioilneast
one group selected fromRlL and R2 of the al koxysi | anes of the
above- ment i oned for mefathe compatib¥hity stigbnshe ixhsincarnd ithe splubility in

al koxysi | anes can be carried out.hy.a known,or. | ] ds. - For
exanpl e, a met hod Smay? ﬁ@lﬂ%ﬁh a’ﬁ’éﬁnge oiP§ Fﬁ%crlf(?daﬁ%)élyng%%ég%gr%' if
subjected to a hydrolydeessPPdantati ffesent iheasd is9Btoy mily addiéndvedoby
water in the presence of a solvent and a catalyst. In such a case,
heating may be - eagli élisiltlatdent hend &be catpliysésmayfuritherabal yst, an.
I norgani ¢ acid such as hydrochloric acjd, nitric acid or 25 sulfuric acid,
or an organi c aci d sUFEMO¥8AfRY A-Gg aRjiPn exchapge,regilei g or acetic acid,

can 3503353' 't is usually the pAUsBhET [ALAtIoRS 1 NS TRESAUN t¥eddii¥ctOh

10 solvent which is capable of dissolving the resin (a) and
the partially hydrolyzed condensate (b) simultaneously,
when a mixed solution of the resin (a) and the partially
hydrolyzed condensate (b) is to be prepared.

When the resin (a) is the above-mentioned fluorine

15 resin (1) having a fluorine-containing aliphatic cyclic
structure in its main chain, a mixture of an aprotic
fluorine-containing solvent and a protic fluorine-
containing solvent, as disclosed in e.g. Japanese
Unexamined Patent Publication No. 112126/1995, may, for

20 example, be mentioned. Here, a feature is that the
fluorine resin having a fluorine-containing aliphatic
cyclic structure in its main chain dissolves in the
aprotic fluorine—containing solvent but does not dissolve
in the protic fluorine-containing solvent, and inversely,

25 the partially hydrolyzed condensate (b) dissolves in the
protic fluorine-containing solvent, but does not dissolve

in the aprotic fluorine-containing solvent. Accordingly,



- 23 - within a range of from500 to 10,000 as a wei ght average

nol ecul ar wei ght cal cul ated as pol ystyrene, obtained by gel perneation
chromat ography (GPC), fromthe viewpoint of the conmpatibility with the
resin and the solubility in 5 a sol vent, V\/ﬂ%éh will be described

herei nafter. Then, if necessary, water sent in the system may be

renoved by e.g. distillation, _and t ecatal may further
renoved by e.g. an i Q¥ &RLRAnHRE BeIvEnt mieG2e] l?/cﬁ:s’t ﬁ‘é\t/'f)’f’e@@nfaf’ ®ntion,

it is inportant to se ich is capable of dissolving t he
resin (a) and thdeﬁ%%%t@?%%im%qéro yzéd condensate (b) simultaneously,

when a m xed sol ution of Theeapdstit &ahoﬁhcb-tcbﬁt@mingabbyvent ishadrol yzed
condensate (b) is to be prepared. When the resin 6%{ is the
above- nentioned f| uorfivering-containipg)slyenigviah dope et SHEEPRIHSF OF

| i phat I h
Pl uor i ne- cont ai ni iy SRCRHE BFeEors,phirE ™ Ralpf pfbactibh S etbnfw L ©

as disclosed in e.g. EHH%%“S?ewell—anQEXéBFdﬂﬁé E?ﬁé¥ﬂhe98§ﬁﬁé£ﬂih§ns&ibent
112126/ 1995, may, for 20 exanple, be nentioned. Here, a feature is that

t he fluorine resway bavemplaoyed.uokt namoﬁoalwamlalvllmzﬁ ifduorineyclic
structure in its main chain dissalves. in i

t t
f1 uori ne-cont ai ni ng S‘Eﬂ’\}:él’rf‘%%ta]d(?@?th‘bthﬂqggﬁfw Fich ilf‘% Ref& 1ppEehexane,

f1 uori ne-cont ai ni ng VS ﬂggd nVes SHt m, 287254 he partially hydrolyzed
condensate (b) dissol es Pnro . rot)lic Tl uori ne-contai ni ng sol vent,

but does not di ss@ Vq')erfluordioéthfhedplori)cgcglksuqr brelE,Am, aHpREQRHE0l vent .
Accordingly, perfluorodecane[F(CFz)5C2H5], a fluorine-containing
alicyclic hydrocarbon such aé perfluorodecalin,
perfluorocyclohexane or perfluoro(l,2-
dimethylcyclobutane), a fluorine-containing alkylamine
15 such as perfluorotripentylamine, perfluorotributylamine
or perfluorotripropylamine, a fluorocether such as
HCF,CF,0CH,CF;, or a fluorine-containing cyclic ether
such as perfluoro(2-butyltetrahydrofuran). These
solvents may be used alone or in combination as a mixture
20 ©of two or more of them.
The protic fluorine~containing solvent is a fluorine-
containing solvent which dissociates to form protons, and
a known or well-known protic fluorine-containing solvent
may be employed. It may, for example, be a fluorine-
25 containing alcohol such as CF,CH,0H, CF4CF,CH,0H,
CF;(CF,) ;CH,CH,0H, CF;(CF,)4CH,CH,0H, CF,CF,CH,CH,CH,0H, or

CF,;(CF,)3CH,CH,CH,0H. These alcohols may be used alone or



- 24 - by using the solvent mxture, both materials can be

di ssol ved si nmul t aneousl y. The aprotic fluorine-containing solvent
is a fl uori ne-contai ning sol vent which does not dissociate or 5
produce protons under a usual reaction conditjon, and a known or

wel | - known aprotic fluorine-containing sol vent® ~ may be enpl oyed. It

may, for exanple, be a fluorine- contai ning aliphatic hydrocarbon such
as perfluorohexane, in C°H§FF¢Ekﬂﬂoéétﬁﬁ%&xqqulP?IWYQzﬂfszre them.

perfluorooctane[F(CFZ)GC%E?] or.1H | H H: . e -
e Cf JI;fo]q_i[rati{)ﬁga@r% agrotlc fluorine-containing

per fl uor odecane[ F(CF2) [ err rine-contal ning

alicyclic hydrocarbongsiuehtagndaid pesete o ine-contpghihgoaegat ofrexane
or perfluoro(1, 2- di met hyl cycl obutane), a fl uori ne-cont ai ni ng

al kyl amine 15 such aselestkluse dthatpbatly|the fauopine rgsintand kbl ani ne

or fl [ '
o SerTLor o1 bropy S, LUSHSELRCL s wint i BATARROS O @

perf | uoro(2-butyl tet r@}{m&ﬁtur%\{%l;fl:n'@?i?ﬁe resinsﬁéé’eﬁtn%tﬂaiﬁp%rkbﬁﬁg, adrgne or

in conbination as a mxture 2 wo or nore of them The protic
fl uori ne-cont ai ni ng sfdasrdingby atHed compaieibility cHritha filugrisw weain whiithh

di ssoci ates to form protons, and a known or well-known protic

f1 uorine-contai ni ng skhe@artially hydraiyiathicopdansate fgythe FOLILIABIE be a

fluorine- high, thus leading to a feature that a uniform solution

10 of both materials can be obtained.

Further, in a case where the partially hydrolyzed
condensate of alkoxysilanes contains a partially
hydrolyzed condensate of fluorine-containing
alkoxysilanes, it may be dissolved in an aprotic

15 fluorine-containing solvent depending upon its
composition. In such a case, a uniform mixed solution
can be prepared without addition or with addition of a
small amount of such a protic fluorine-containing
solvent.

20 In a case where the resin (a) is the above-mentioned
fluorine resin (2) having a fluorine-containing aliphatic
structure in its main chain, the solvent may be a solvent
mixture of water with a hydrophilic organic solvent such
as an alcohol, a ketone, an organic acid, an aldehyde or

25 an amine, as disclosed in Japanese Unexamined Patent
Publication No. 48579/1990, or a solvent mixture of an

oxygen-containing hydrocarbon solvent and a fluorine-



25 contai ning al cohol such as CF3CH20H, CF3CF2CH20H,

CF3( CF2) 3CH2CH20H, CF3(CF2)[err] CH2CH2OH, CF3CF2CH2CH2CH2OH, or

CF3( CF2) 3CH2CH2CH2OH. These al cohol s may be used al one or

- 25 - in conbination as a m xture of t or nore of them

The mixing ratio of the aprotic fluorine-contining solvent and the

protic fluorine-containing solvent is sel ected so that both the
fluorine resin and tisentabning W&PP‘}"%W&IF?EE@%GH&%}%%%E: 1% fPapese

di ssol ved therein. The f LI Is fgdnct i 10960Ups, and
accordingly the corrpa(tjn|‘°‘E§‘|'“f‘}rfey‘i %%tflaﬁg %"fbuérglaggénr é\%i'n%e\ng)t 995 the partially
hydrol yzed condensate i nghbeosjes-toRtatning hydiaarbbhusolveadi nay ; Eox
feature that a uniformsolution 10 of both materials can be obtained.
Further, in a case wesasplée hea@n al¢ghdly ghgh ygsedgethanolyy fbasate of

al koxysi | anes contains a tiall hydrol yzed, condensate_o

f1 uori ne- cont ai ni Ag lpr°pag$i<cﬁ<ryﬁu¥ﬁﬂ%]s'z a4t eﬁﬁ?‘yﬁé‘c& g%‘oﬁe@ggeSﬁ. %l!‘ycgﬁr otic
15 f1uorine-cont ai NigdQo8ehy rndensntihy18REGIYcoL monotBReSEtd). okna
such a case, a uniformm xed sol ution can be prepared w thout addition
or with addition of &ulfoxidéaduchaanudimerhylselfaxideoti c

fl uori ne-contai ni ng solvent. 20 In a case where the rez‘%n (a) is

the above- nmenti oned ffpaoﬂ‘%ﬁﬁnéﬁﬂn‘{a_zi)“iﬁav??@%“fil BOTYSRE- B8¥%t 59 ng
aliphatic SUructygoll, 'de 18! Do&lindne L 0% Ap¥EPic rﬁYxo@?né— sol vent

10 containing solvent or the protic fluorine-containing

solvent.

In a case where the resin (a) is the above-mentioned
resin (3) or (4), a known or well-known solvent suitable
for such a resin, may be employed. It may, for example,

15 be N-methylpyrrolidone, N,N-dimethylformamide, xylene,
tetrahydrofuran, a ketone or a lactone.

A method for preparing the mixed solution of the
resin (a) and the partially hydrolyzed condensate (b) is
not particularly limited so long as a uniform solution

20 can thereby be prepared. The following methods (1) to
(3) may, for example, be mentioned. |

(1) A method wherein a solution of the partially
hydrolyzed condensate (b) and a solution of the resin (a)
are separately prepared beforehand, and the two solutions

25 are mixed. 1In such a case, the solution of the partially
hydrolyzed condensate (b) may be prepared difectly in a-

solution which is compatible with the solution of the



m xture of water with a hydrophilic organic solvent such as an
al cohol, a ketone, an organic acid, an al dehyde or 25 an am ne, as

discl osed in Japanese Unexani ned Patent Publ i cati on No. 48579/1990, or
a solvent m xture of an oxygen-containin97hydrocarbon solvent and a

f1 uori ne- - - 26 cont ai ni ng
conpound sol vent, as disclosed in Japanese Unexam ned Pat en

Publ i cation No. 76644/eEd9s(a). Otherwisg, 4ty Bay-R&MATEPAFRY W &r B%M%Ibth
sol vent may, for no%x%gﬁlggtiﬁ%h@:@tﬁlﬂﬁé"@olﬁua? %t TR hAdln (‘3? hag 5
et her such as I

propanol or butanol, "an ethyl'ene glyco nonoe Hyl et her
or ethylene glycol nopEbiyh &dventiohal solvent+dibmtitdet sarcimetbod, the

di et hyl sul f oxi de. The fluorine-containi ng conpound sol vent may,
for exanpl e, be sdimtibovis monveshed @plaoﬁpéu*fil%ﬁggb-a campakdbtai ni ng
solvent or the protic fluorine-co

il . | .
where the resin (& i Rtapothe ﬂteﬁ%?%ﬂ%c?e 18 ‘Slgeeas/'? t°f37x%mrpl(e4) WL%‘ %r?o%\?v?\e

or well-known SOlvengpf%fdi%?kg ondenbREi St GleaRt (68 idE aTRYxPsiImREOVEL |t
may, for exanple, 1 net%

e yl pyrrolidone, N, N-dinethylformam de,
xyl ene, t et r ahydiistf wdagquateketprneceed im laasbbvent which is campatibkke f or
preparing the m xed solution of_ the resin éa&aand thelgartLaIIy

I

h .
hydrol yzed condensat evit}y the solutigy: of the F&riR| (A)q Ft ¥R Y g as a
difficult to control the degree of polymerization of the

uni form sol uti on

10 condensate.

(2) A method wherein alkoxysilanes are dissolved in a
solution of the resin (a), which has been prepared
beforehand, and the partial hydrolytic condensation
reaction is carried out in that solution.

15 (3) A-method wherein a solution of the partially
hydrolyzed condensate (b) is prepared beforehand, and the
resin (a) is added and dissolved therein.

The compositional proportions of the resin (a) and
the partially hydrolyzed condensate (b) can be set at

20 optional levels depending upon the particular purpose.
Usually, it is preferred to blend the partially
hydrolyzed condensate (b) in an amount of from 3 to 400
parts by weight, particularly preferably from 10 to 150
parts by weight, per 100 parts by weight of the resin

25 (a). If the pro?ortion of the partially hydrolyzed
condensate (b) is too small, the mechanical properties

can not adequately be improved, and if it is too large,



20 can thereby be prepared. The follow ng nethods (1) to (3) may,
for exanple, be nentioned. (1) A nmethod wherein a solution of the
partially hydr ol yzed condensate (b) and a solution of the resin (a)
are separately prepared beforehand, and the 4o solutions 25 are m xed.
In such a case, the solution of the partiall hydrol yzed condensate

(b) may be prepared directly in a sol ution which is _conpati
the solution of the the properties inherent to the resin such .asyplec rJ.ca eS| n

B oo leT on®et  ho  Plapér flesPahead v 8P il peivi O r BTN LS BE LD

the solution of the Pe a conventi onal

sol vent - SubStItutI0n1ﬁ§5iEEE, t he solution is converted to a solution
with a conpatible 5 solvent. The latter case is_used, for exanple, when
t he hydrol ytic condEhsis Psafertad |t6ﬁto? qnoegkik inggeagriqn takes o

adequatel y proceed in,as ent C I.b
of the resin (a),3 %\?n‘é%%et\éwegnme rgsﬁl gtrﬁogtntdohg% artllgﬁg ‘gagregééal o
pol yneri zation of t h@oné&sa@:@“@ﬁf‘?%ﬁme the compaZibfl it koeh RS @eBin

al koxysi |l anes are dissolved in a solution of the resin (a), which has
been prepared be&pnﬁhmn&heapakﬁﬂaelpahdenlyhydrcﬂqﬂﬂmeaeenHEnyaﬂion
reaction is carried out in that sol utjon. t ho mhereln a
sol ution of the parttheysgpy be h?ﬂ‘?‘iﬁ‘l%’zeﬁneomfeﬁgafﬁ i%ﬂarrageﬁ Fafed

serorenanc, end (he conp i ita( 1L SenUds AN SRS il

10 strength at a high temperature will further be improved.
The crosslinking reaction between the resin (a) and the
partially hydrolyzed condensate (b) may take place in the
state of the solution or during the step of forming the
coating film. However, it is preferred that the

15 crosslinking reaction partially takes place in the state
of the solution, since the compatibility of the resin (a)
with the partially hydrolyzed condensate (b) will thereby
be improved. Therefore, the solution may be stirred
under heating as the case requires, so that the reaction

20 takes place during the preparation of the solution.

As a method for carrying out the crosslinking
reaction between the resin (a) and the partially
hydrolyzed condensate (b), the following method (1) or
(2) may, for example, be mentioned. Preferred is the

25 method (2).
(1) A method wherein the functional groups of the

resin (a) are directly reacted for crosslinking with the



the partially hydrol yzed condensate (b) can be set at 20 optional |evels
dependi ng upon the particul ar purpose. Usually, it is preferred to
brtend the partially hydrol yzed condensate (b) in an anount of from 3
to 400 parts by weight, particularly p_rézrger_ably from10 to 150

parts by weight, per 100 parts by weight of ttfe resin 25 (a). |If the
proportion of the partiall %ldroli/zed condensate (b) is too small, the

Iy h
mechani cal propertieé’artla%cya YAGP1¥RRt CaPEeYSarE i(Rptoved, and if it is too

| ar ge, _ é%) A mﬁthod wherein thé ffhctional drid8pR’ &P&He €S
I nherent to the resin su as electrical properties and | ow wat er

absorptivity, are |ilkekynt a)@and the ipgraiaklly hydrolyzed |dondengaisf qibiedre hat
a crosslinking reaction takes 5 place between the resin (a% and t he
partial |y hydrol yzed reacte¢ digfef5asel {ingsyir @ CREPEHHHAGEBEI (€} with the
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t hereby be i rrprovéd, and ase arafion of coating Ffmwii
be suppressed, wher eRypbBnd®iRANas3 sillcoftédippuianta a iftiadiuh estapoanar e

will further be inproved. The crosslinking reaction between the resin
(a) and the par torakhyaluminmohyeenpamdd evisidhe hgb) a niydrodiyeaples@¥our t he
state of the solution or during the step.of formn h coating film
However, it is preferPeBOteH ‘g’ﬁgtl‘i‘s w‘cFPo§§‘Fil?ﬁfitﬁgli%gﬂ{dirﬁ’ﬁyb%‘?t ially
takes place in the S%%Baensate (b)) and a non-hydrolyzable group, and which
10 also has a moiety reactive with the functional groups of
the resin (a).
The non-hydrolyzable group is bonded to a silicon
atom, a titanium atom or an aluminum atom through its
terminal carbon atom. At least one non-hydrolyzable
15 group has a moiety reactive with the functional group of
the resin (a).
The hydrolyzable group may, for example, be an alkoxy
group, an alkoxyalkoxy group, an acyloxy group, an
aryloxy group, an aminoxy group, an amide group, a
20 ketoxime group, an isocyanate group or a halogen atom.
Preferred is a group having a hydrogen atom removed from
a hydroxyl group of a monovalent alcohol, such as an
alkoxy group or an alkoxyalkoxy group. Particularly
preferred is an alkoxy group, and its carbon number is at
25 most 8, preferably from 1 to 4.
The moiety reactive with the functional group of the

resin (a) is preferably an amino group or an epoxy group,



of the solution, since the conpatibility of the resin (a) with the
partially hydrolyzed condensate (b) will thereby be i nproved.
Therefore, the solution may be stirred under heating as the case
requires, so that the reaction 20 takes pI% e during the preparation of

t he sol ution. As a nethod for carryi é out the crosslinking
reaction between the resin (a) and the partjially hy rolxégd condensat e

(b), the foll owi ng méi‘ﬁoﬂ“(hl)a grFoup is usyally, contaipgd iny &heiOq%ePPBRed.

Preferred is the t ) (1) A nethod wherein the
functional groups of hf’ﬁg {]yng&% groul:{ a) are directly reacted for

crosslinking with the fche coupling agent (c) is preferably a sild@® -
partially hydrolyzed condensate (b). (2) A nmethod wherein the
functional groups of cohpling ageati e (thtannte tepupdangiagens, h96|r"l‘ﬂ PAaginum

condensate (b) are reacted for rossL nki n a co
5 The goLpllﬁg SQURting, agRBt % If%ﬁﬁifgg FRHe! lgﬁhf%?%@énéc)

corpound Such
as a silicon conpoung, g {id FLPEREATRYY"En the cBht iy HBbBLELSPHEOYRE,
whi ch has a hydrolyzaﬁ?e group (a noiety reactive with the partially
hydr ol yzed condppasést (ﬂ)r)enanm.a imokhay ditoligzabt e gagtipalind which 10
al so has a noiety reactive with the functional groups of the resin
(a). The nohYAye}¥Aed, §BNEeRFaF®p i s bonded to a silicon at om

a titaniumatomor an alERQQ&ﬂhghowl}q&ﬂHg?oLté&ample, be applied to a case

10 where the functional groups of the resin (a) are carboxyl
groups, and the partially hydrolyzed condensate (b) has
an amino group, or a case where the functional groups of
the resin (a) are élkoxysilyl groups or silanol groups.

The method (2) may, for example, be applied to a case

15 where the functional groups of the resin (a) are carboxyl
groups, and a silane coupling agent, a titanate coupling
agent or an aluminum coupling agent having a functional
group capable of bonding to a carboxyl group, is added as
the coupling agent (c). As such a coupling agent (c),

20 silane coupling agents such as epoxysilanes or
aminosilanes are preferably employed. More preferably,
aminosilanes are employed from the viewpoint of the
reactivity with carboxyl groups and the moisture
resistance and durability of the bond.

25 The aminosilanes may, for example, be aliphatic
aminosilanes such as y—-aminopropylmethyldiethoxysilane,

‘and y-aminopropyltriethoxysilane, or aromatic ring-



term nal carbon atom At |east one non-hydrolyzable 15 group has a noiety
reactive with the functional group of the resin (a). The
hydr ol yzabl e group may, for exanple, be an al koxy group, an

al koxyal koxy group, an acyl oxy group, an %ﬁr _yloxy group, an am noxy
group, an amide group, a 20 ketoxinme group, | socyanate group or a

hal ogen at om Preferred is a group havi nﬂ hydrogen atom renoved from
a hydroxyl group of £eRsRéPareAmigPsstenes SYER 28 a al koxy group or

an al koxyal koxy group, ﬁ%@é&%{i @aétg?,gselgaag%eférﬁﬂlapieﬁgn?hwxx%%e and

its carbon nunber is a rom1l t

moi ety reactive with {de NFpRéhyDHaaminepropyltt hethoxystiBanel ( @artbcularly
preferably an am no group or an epoxy group,
- 30 - and such prefegsgpdiare,dbel FS/OWFaFhwqwtﬁhél%@%nﬁéhlanesr

Coupl i g agent. aki t3HEee BT IRy Pagb e Ao F e A i 5 coupl ing
agent. Thi s silane coupl 'vﬂﬁnagﬁmoéﬂaﬁé;fﬂé"ﬁged in tfhreoabé‘h'-.e re@ABAs e ) (b)
in the coating conposition of the present invention, in that it is not
a partially hydraxd/ 224 , cofiddres afieunt is too muldie maehwc(os).tyray, for
exam e, oo applied (0 3i3E of Wt S1Gu L Gk NELANE, BARURS BletbRL ST
(a) are carboxyl sta Y q ’
properties of the coating film tend to be impaired, and
10 the mechanical properties of the coating film at a high
temperature will not be improved if the amount exceeds a
certain level. Accordingly, the amount of an aminosilane
is preferably from 0.1 to 10 mol per mol of the
carboxylic acid group.
15 Further, in a case where the viscosity stability
decreases upon addition of an aminosilane, a silane
having a function group which can be converted to an
amino group, may be employed in order to improve the
viscosity stability. A silane having an imino group will
20 not function as an aminosilane by itself. When reacted
with water, it.decomposes into a ketone and an
aminosilane. Accordingly, by controlling the amount of
water in the solution, an excessive reaction in the
solution can be suppressed.
25 Further, there may be a case wherein irrespective of

the presence or absence of aminosilanes, in the mixed

solution of the resin (a) and the partially hydrolyzed



groups, and the partially hydrolyzed condensate (b) has an am no
group, or a case where the functional groups of the resin (a) are

ak koxysilyl groups or silanol groups. The nethod (2) may, for
exanple, be applied to a case 15 where the functional groups of the resin
(a) are carboxyl . groups, and a sil ane ’co'*}pri ng agent, a titanate
coupling agent or an al um num coupling agent having a functional

group capabl e of bondicndersate dR) okl hydsapyZedk coadersare undergRs @oupl i ng

agent (c). As such a coagllg%ﬁo%ggggcé&)ﬁ Fs?g.ﬁ%llp%%%rgggglér%gya%@ts such as

epoxysi | anes or g anes-are prefre e preferably,

am nosi | anes are enplgyeds{¢potabelvieWropsbr of Mhguch a dagagttiéty with
car boxyl groups and the noisture resi stance and durability of the

bond. 25 The amisocesitnatabdyity drendgabplhe ipprovedlift Ac
am nosi |l anes such as y-am nopropYLI rreté\‘ill di et hoxlysi I gne. . and
y- ami nopr opyl t ri eBhoXPsFpakecxysl1ape fitsh: af; Hgtramethoxysilane or

- 31 - ContainirglF?QL€ﬁgﬂ §1@§§%§L5g1aﬁSalkylalkpxysilane such as

am nophenyl tri net hoxysilane, am nophenyl tri et Hoxysilane, and
N- phenyl - y- am nopr opyietchiyDei ithdkysitanePametioyltarieyhoxysilaneferred are the
aromati c ring-containing am nosil anes, 5 since they have hi g&lhea_t

resi st ance. aimehhgH ineshpEyRil anee of skrinathy hmetharye 1 it ds (1)
and (2), if the annug&eggn£(¥%IE%%hSOiJEESQ,Sggéigﬁés is preferably employed
10 as a method for improving the pot life.

The solid content concentration in the solution, as
the sum of the resin (a) and the partially hydrolyzed
condensate (b), may suitably be selected from the
viewpoint of the desired viscosity of the solution or the

15 film thickness of the coating film, within the range
where the solid content dissolves. For exaﬁple, in a
case where a coating film having a film thickness of from
0.1 to 5 #m is to be formed by a spin coating method, the
solid content concentration may usually be set within a

20 range of from 1 to 15 wtg.

To the low dielectric resin composition of the
present invention, an additive such as a adhesion-
improving agent or a surfactant may, for example, be
incorporated as the case requires. Especially, it is

25 preferred to incorporate an adhesion-improving agent
reactive with the functional groups in the resin (a) or

with the alkoxysilyl group or the silanol group of the



stability of the liquid deteriorates, and the electric properties of
the coating filmtend to be inpaired, and 10 the nechani cal properties of

the coating filmat a high tenperature will not be inproved if the
anount exceeds a certain level. Accordi y, the amount of an

am nosi | ane is preferably fromO. 1 to 10" ol per nol of the
carboxylic acid group. 15 Further, in a case where t Vi scosi t
stability decr e®ss§iabbh hydgriyesa &P“Qﬁ“%ﬁ*ﬁ%d&.’ra‘ﬁb“e YsF“%r?éﬁ‘es on

having a function gr ({lt,lpti{)\hl t]bsct%?ﬁgewf;ﬂn\{)g Eﬂ%ré&da”or the &TrBRgEH Q;lfpthgay

be enpl oyed in order TOve Sity stabl Ity. A silane

having an imno groupodtihg £Amatili WEtimpBoded an ani nosilane by itself.
When reacted with water, it deconposes into a ketone and an

ani nosi | ane. Accor di ngl yAsbg mehitodoEdt niprmiadaprraating £ilm ofgppranticlge
solution, an excessive reaction in

Further, there map b&¥at Eﬁs’éeﬁ/ﬁ?erc&“ﬁ%’rtr’@gpgg \l’l{u/efa pggsgnn mtvﬁgggé)%gziﬁggsor%

absence of am nosila f in (a) and
the partially hydrol?%%gekpeérgé g€y a methBh WHeRiAf thd1G BRI ' gZ)-

condensate (b), the hshpekyzish afntdhepiesentdingodson containdndenszulivent
reaction as time passes, whereby the Vi scosity stabili

|
such a case, the isycoabed tgp §f‘8bﬂ’f’t°}et'eﬁﬁjsl°tw(?db Yl’?ﬁ?rt&\'?éda?‘?p Ying

to evaporate the solvent. Here, to secure adequate

10 adhesion to the substrate, the surface of the substrate
may be pre-treated with a compound having both a moiety
reactive with the functional groups of the resin (a)
and/or the partially hydrolyzed condensate (b) and a
moiety capable of bonding to the substrate surface.

15 The method for coating the composition of the present
invention may, for exampie, be a spin coating method, a
dipping method, a potting method, a die coating method or
a spray coating method, and the coating method may
suitably be selected depending upon the shape of the

20 article to be coated, the required film thickness, etc.
When the composition of the present invention is to be
applied to a buffer coat film for a semiconductor device,
a passivation film for a semiconductor device, an
interlayer dielectric film for a semiconductor device or

25 an a-ray shielding film for a semiconductor device, a
spin coating method is preferred, since the in-plane

distribution of the f£ilm thickness will thereby be



5 tetraal koxysil ane such as tetramethoxysilane or t et raet hoxysi |l ane,

or an al kyl al koxysi | ane such as nmet hyl t ri nmet hoxysi | ane,

met hyl tri et hoxysi | ane, di et hyl di net hoxysi | ane or

trimet hyl met hoxysil ane, is present in thg solution, and this is
preferably enployed 10 as a nethod for i npro ?ng the pot life.

The solid content concentration in the 'sol uti an

e sum of the
resin (a) and the partHeiarp-hyfhes jEeds aPPh@SnE%r?s’ht‘@tf’biay%élgg??%“dl%/ be
sel ected fromthe 124 %‘é’? rﬁlulq-.f ?.Qﬁ {%S'crl?gui/é Sq(b%%ht ya id I&Saé?:lné’t ' on

or the 15f|Imth|ckness he coa I'm wihinth rang

the solid content di &ﬁéﬂﬁ&SasFﬁéuemrralepm Roating metasa, V\t‘sar;freaecn@d |asg
filmhaving a filmthickness of from 0.1 to 5 pmis to be forned by a
spi n coating method, atmethod wheyehy bagk chiquddniiend 46i ehtainpbi&ual |y be

set within a 20 range of from1 to 15 wt he, | ctric
resin conposition df the To forﬁr%scéj Jt]'f“ﬂvfe/ln]t 1of, bakma?d%t% v%aé such 1%3

adhesi on- | pr ovi#QAgeREiRY, &oSHvigedatiat tﬂaysoﬁv@htexmoecube the
i ncorporated as the case requires. Especially, it is 25 preferred to

i ncorporate an adhesi partiepigvhydrciyend condenseagtqﬁ/@mpshsuaélesunchi!e_)naI

groups in the resin (a) or with the al kox¥5|lyl rou r e_si | anol
group of the baking condition may suitably be “se §te éP?|%H?

hydrol yzed condensat ee.( b.) ’th‘é’”%?@{agt Q?lxﬁldﬁﬁ%‘kggss. For a sufficient curing
10 reaction, a final baking at a temperature of from 200 to
450°C is usually required. To sufficiently cure the
partially hydrolyzed condensate of alkoxysilanes and to
ensure that unreacted alkoxysilyl groups or silanol
groups will not remain, a final baking at a temperature
15 of preferably from 300 to 450°C, more preferably from 320
to 450°C, is required. Unreacted alkoxysilyl groups or
silanol groups will be a factor for increasing the
dielectric constant of the coating f£ilm by themselves,
and they may further be a water absdrbing site, which
20 causes an increase of the dielectric constant by water.
Accordingly, it is advisable not to let them remain in
the coating film as far as possible.
For the purpose of securing the surface smoothness of
the coating film or improving a fine space filling
25 property of the coating film, it is possible to add a
prebaking step at a temperature of from 50 to 250°C or to

carry out the baking step in a plurality of stages.



to the substrate will be inproved, or the strength of the coating film
w il be inproved. As a nethod for formng a coating filmon an
article 5 by the resin conposition of the present invention, it is
preferred to enploy a nethod wherein the resin conposition of the
present invention containing a solvent =32 Coated on the article,

foll owed by heating and drying to evaporate the solvent. Here,

secure adequate 10 adheEpbtharg fpeeRding: MRPR the,PaThiFWaTr BRIPPRE/s §t rate

may be pre-treated with a ¢ u [ b gWth
t he functional gr oupgogp?%gﬁlrigls?%%@%/ £4m %é}é’%ggggﬁ%%&aftfl t*?ﬁyd?ol yzed

condensate (b) and ainventiB @nd seaDIF1AE M3 Bengomisiidde t6ubsin at e

surface. 15 The method for coating the conposition of the present

i nvention may, for exampbe;td)eflémsplﬁ‘prcgaammgemhea applicatiem il Ag

met hod, a potting nethod, a die ¢ atén met hpd ray < coat| ng

met hod, and the cBat PR§SHEAHSR @“‘ or” a5 PP EER uﬁémée‘?ev@tcgd C4ePendi ng upon

the shape of the 20 ;3L fdfed ﬁalgife tce‘hlﬁhfo:f%qgéﬁf‘éi):'fd'ulc:%£|"ﬁéi}i'&%$5an

etc. When the conposition o pr esent invention is to be
applied to a buffer dastgdniensfiam ma;samebﬂnien:thar fdewméd@s an under layer
passivation filmfor a sem conductor device I nterl a¥ dielectric

filmfor a sem condu@P8/o%ean APPEF laxpraRt Hi‘%lf‘é‘ﬁ‘l é?ﬁ‘i‘er?g frpPkh%r a
sem conduct or devi ce, t f d,
U chroptey P PR TE kot Sy il

I n- pl ane distri B or° ness w
10 film means a so-called PSG f£ilm or BPSG film hav1ng

phosphorus and/or boron doped on a silicon oxide film, as
the case requires, a silicon oxide film, a silicon
nitride film or a silicon oxide nitride £ilm.

By forming an inorganic f£ilm between the metal wiring

15 and the fiim formed from the composition of the present
invention, it is possible to prevent peeling of the metal
wiring or to prevent downward diffusion of moisture which
is likely to occur during curing when a coating film is
formed from the composition of the present invention,

20 whereby it is possible to prevent deterioration of the
device properties. If a heat higher than 450°C is
applied, the metal wiring layer undergoes a property
change. Accordingly, the inorganic film is required to
be formed at a temperature not higher than 450°C.

25 Specifically, it is preferred to employ a film which
can be formed by a chemical vapor deposition (CVD) method

such as atmospheric pressure CVD or plasma CVD. Further,



- 34 - uniform Wen it is applied to an interlayer dielectric
filmfor a nulti-layered circuit board, a die coating nmet hod as wel |
as a spin coating nethod, is preferred as a met hod whereby high liquid
yield is obtainable. 5 To forma coati film a baking step is
required after coating, to evaporate tﬁéﬂgolvent and to cure the

partially hydrolyzed condensate of al koxysilapes. The ' aaklng con |t|on
may suitably be sel edosBagtpRiRfi A9 ifRFPanic tily as AR WRRAS nGYFF( MY

t hi ckness. For a sufficien [i r Nghat a
tenperature of from vio v tloIs S %286%:97% cﬁggg*l?;hrlglqg?re l%'?'ghsuf?i ciently
cure the parti aldof ¥ﬂ££&r}/2ﬂdtﬁ@l’§l£§mtelﬁeriﬂlbﬁxy§Iﬁcﬂﬂeﬂearlﬁb ta0 so-
ensure that unreacted al koxysilyl groups or silanol roups will not
remain, a final baki npliedaet@mpackt nethodlor afCHF drbemigal meshaniEnrl o
450[err]C nore preferall fron1 0 to 450[err]C, is required.

Unr eact ed al koxysidl ylpﬂ'ﬁﬁﬁbggbrme ©d-si|anol groups will be a factor for

i ncreasing the d'e'%ﬁ&ﬁ'£n‘¥H&%b§HicQﬁlﬂmhﬁscfﬁﬁﬂeagaé'AﬂndibeEhﬁiﬁﬁﬂ ves,
and they may further be a water absorbing site, which 20 causes an
increase of the di el edpendisgngiomnthéycamgiosition of Abeomhnwghyc,: filn or
advi sable not to let themremain in the coating f{ as far_as

possi bl e. Fdihe; Rethed rﬂfsétﬁf famakirRy ‘EIFF'éesHH]a §n85?lhff"é%§“8f'

the coating fi1m of |(RLOLLO%dhdsslE 899 Tobtitd inBordidBebhyed the

coating film it is p055| king step at a tenperature
of from50 to 25Q[yer rddmpekitfon of tﬁargslsesewt Liertalshngs LYooy, i oraty® ural ity

of stages.
coating film receives a damage such as film reduction
during the formation of the inorganic film. To overcome
such a problem, the following method (1) or (2) may, for
example, be employed.

15 (1) A method in which the inorganic film is made to
have a multilayered structure. When a silicon oxide film
is formed by plasma CVD, depending upon the composition
of the gas used, film reduction may occur. In such a
case, an inorganic film which does not bring about film

20 reduction, such a silicon nitride f£ilm or atmospheric
pressure CVD-silicon oxide film, is firstly formed in a
very thin thickness, and then using the thin film thereby
formed, as a barrier layer, a silicon oxide film is
formed thereon.

25 (2) The coating film formed from the composition of
the present invention is firstly treated with energy rays

to activate the surface, and then an inorganic film is



- 35 - Further, depending upon the particul ar purpose, the
coating filmformed fromthe conposition of the present I nvention and
other films nmay be conbined to forma conposite film For exanple, in
an application to a 5 passivation filmfor a sem conductor device or an
interlayer dielectric filmfor a seniconducTdl? device, an I nor gani c
filmpmay sonetinmes be fornmed as an under | ayer and/ or an upper | ayer
of the filmforned friswmefiethereonsonPois meshodfmahdape car ddifierds on.
Here, an inorganic 1Q_filmneans a sq-cal l.ed PSG fi or .BP i lphavi ng
phosphor us and/ or bore(;ﬁe&f)p‘g% BIRTVERY | nagg?%l‘eoq‘ i°Fng%slnt%r§§?%e‘h?§se
requires, a silicon qedenbiddlicAssihi Cothe treathdnti WeLh idr¥rgy fayd lniagon
oxide nitride film By formng an inorganic filmbetween the neta
wiring 15 and the fud rréatmert byomedrn=e ofoaposlddtoomagnetic waveein a

invention, it is possible to prevent peel i,ng of the_netal wiring or to
prevent downward @i f farspénsessedneipdingliight. Namedyy; ke ma¥rof8Ecur during

curing when a coati n%dja.h eif the ulerhQIdRA Ti%?%fﬁoﬁ?@%rt @EmOf the

present invention, y It 1s possible to prevent deterioration of

t he devi ce propéafrria@8atidn,amiedbwaiediekad itiiohS0 ctrddEmeat by means
applied, the nmetal wiring | ayer undergoes a property Qhangg. )
Accordi ngly, the inorafamhceled¢tnonsbeamguchdascelectropebean drgagiagion,

:)?g}?g ?égr teongﬁrprioghgléwrﬁgﬁﬁag{?eer g:l‘gétmezni, coronSaD%(iisI:f.laC IeI Xteggmé.rﬁ: or
10 plasma treatment.

Among these treatments, preferred as a treating
method suitable for a mass production of semiconductor
devices may, for example, be ultraviolet irradiation,
laser beam ifradiation, corona discharge treatment or

15 plasma treatment. Particularly preferred is plasma
treatment, whereby the damage to semiconductor devices
will be minimum.

An apparatus for such plasma treatment is not
particularly limited so long as a desired gas can be

20 introduced into the apparatus, and an'electric field can
be applied, and a commercially available barrel type or
horizontal flat plate type plasma generation apparatus
can suitably be used. A gas to be introduced to the
plasma apparatus is not particularly limited so long as

25 it is capable of effectively activating the surface. It
may,'for example, be argon, helium, nitrogen, oxygen or a

gas mixture thereof. Further, a gas mixture of nitrogen



can be forned by a chem cal vapor deposition (CVD) nethod such as
at nospheric pressure CVD or plasma CVD. Further,

-.36 - formation of an inorganic filmas an upper |ayer, nay be
carried out after the coating filmformed fromthe conposition of the
present invention is polished by a so- ~c3¥1%ed etch back method or a
CWP (chem cal nechani cal 5 polishing) nethod. When an inorganic

filmis formed as an ¥phOxyEayerand a Ni{EQaandPAg, Ji¥h PERESTARNF0BPL i on of

the inorganic filmor . the neth of,. 4 1S r Qn, A e a
probl em such tha’{'erfthlém_gghae%i%r?%gcs) véhic%'atal;%g@é#%@f 8? hngdéfc\g%lﬁqg% e 10
conposi tion of the presGRfatinyCtHd QUrEScP VY a Bbatiy film £¥ednByfEHem

recei ves a danage such as fil mreduction during the formation of the
inorganic film To ovesmpmsétion ofsikbe presend dnyentienf ehd owliielh Aet hod (1)
or (2) may, for exanpl e, be enployed. . 15 . 1) met hod. [ n whi ch
the inorganic filrhisSYRF@ntfeally frl’?&vér%f“ Mﬂf‘ﬁf*’é&é@&%?ﬁl‘bf& Ui a
silicon oxide film | % fiQE”%ﬂ:]T%thaﬁn@o QVBu £ HEP &k NB1 1P Fort Be
conposition of the gas used, filmreduction may occur. In such a

case, an inorganic fisenitdonaictioedevatepra mpsaboatidn [Ekim2fbr meduct i on, |
such a silicon nitride filmor atnospheric | ressure.  CVD-si | i con_ oxide
film is firstly forneenicenguctor dgxiget A ipkpE s dighermien Ll niPn Re

thin filmthereby semiconductor device, an «-ray shielding f£ilm for a

10 semiconductor device or an- interlayer dielectric £ilm for
a multi-layered circuit board, the coating film formed
from the composition of the present invention may
sometimes require fine processing. 1In such a case, the
above-mentioned energy ray treatment, particularly the

15 plasma treatment, is effective for preventing cissing at
the time of coating a photoresist for photolithography.
The fine processing method may be a known or well-known
method such as a wet etching method or a dry etching
method. Particularly preferred is a plasma dry etching

20 method employing a fluorinated hydrocarbon type gas such
as CF, or C,F,.

In the present invention, the semiconductor device
may, for example, be a discrete semiconductor device,
such as a diode, a transistor, a compound semiconductor,

25 a thermistor, varistor or a thyristor; an integrated
circuit (IC) device, such as a memory IC e.g. DRAM

(dynamic random access memory), SRAM (static random



formed, as a barrier layer, a silicon oxide filmis formed thereon.

25 (2) The coating filmformed fromthe conposition of t he
present invention is firstly treated with energy rays to activate the
surface, and then an inorganic filmis - 39 -

- 37 - formed thereon. This nethod may have an additi onal ef fect

fi ' th dhesi f the . it the | LCc_ fJl
The (Feat mont w th oriieays BgAowy EBROR [Gribable arookdRpgls d8da Sty
el ectromgnet i ¢ vave dduody), SrdliOabus Gk irdak Uh0 ehdby) , bawRbM, 1t ey,

for exanple, be ultraviolet irradiation, |aser beam I rradiation,
m crowave irradi ati onfelectrtedlignterbyalsapyogrammaifleanead eptlyonebery) urch
as electron beamirradiation, gl ow di scharge treatnment, corona

di scharge treatnent o £l88hReRARY t RebPPEhiIC e-9. a micppRfPaeREsE unit,
treatnments, preferre freati s e .
T

production of sem¥ondu rexanpl e u avi ol et
I rradiation, | asffedieas t¢y Adirajline), (noAb0DEh £t Tibasesvd 1€} N@Mybaid 15
plasma treatnment. Particularly preferred is plasma treat ment, whereby

t he damage to sem corkflicosr anicapticel deviag,| Buge 3f @ Abeght emitting gypde

apparatus for such plasne treatment.ig not particularly limted so
|l ong as a desired gaPic&nCparee coupled device.

The coating f£ilm formed by the composition of the

10 present invention is applied as a buffer coat film, a
passivation f£ilm, an interlayer dielectric film or an a-
ray shielding film for a semiconductor device, whereby it
is possible to attain high performance in e.g. reducing
the time of signal propagation delay of a device by

15 virtue of excellent electrical properties such as a low
dielectric constant and a high dielectric strength, and
it is also possible to attain high reliability by virtue
of excellent mechanical properties in a high temperature
region,

20 In the present invention, the multi-layered circuit
board includes a high density circuit board such as MCM.
By applying the coating film formed from the composition
of the present invention as an interlayer dielectric
film, it is possible to attain the high performance in

25 e.g. reducing the time of signal propagation delay and
the high reliability, simultaneously, as in the above

described case.



20 introduced into the apparat us', and an electric field can be

applied, and a commercially avail able barrel type or hori zontal fl at
ptate type plasma generati on appar at us can suitably be used. A gas to
be introduced to the pl asma apparatus is, not particularly limted so

long as 25 it is capable of effectively actitafi ng the surface. It

may, for exanple, be argon, helium nitrogen,  oxy r . as_ m xture
thereof. Further, a gas NP¥tufRe &Fefery ddg’ﬁntmn wiil Be described’in

- 38 - and oxyg st T L ehaddy. bg , it
menti oned as gasses m’rgﬁggr%%a%a ngor%%gﬁg?:ét(ib\%?yg &ﬂi act?V/%‘{elrnglt he
surface of a coating shounafiss debytddE that thepreseht oinventibe (¥ agend

i nvention and which is 5 substantially free frombringing about film
reducti on. meang sregnickat| b sushaspesifdc Egarp¥es-m for a

sem conduct or devi ce,qﬁ!:@ ' V@ti n_fidm sem conduct or devi ce,
an interlayer di ePec ??Fim 5r383r£t1°n fgg%hm oen)ductor device, an a-ray

shielding filmfor a 103ssgr6§g@qg§{,gfo(ti@(;’bﬁyl@{nya@thei)3; limpey &fel ectric
filmfor a nulti-layered circuit board, the coating filmformed
fromthe conpositiondefiohbzedprnatent 20\xofi nethancl and FoHme Phes require
fine processing. In such a cas above- nenti.oned energyefr ay

treatnent, particul ar‘l‘?HBMHOE&);{%S AePPIEATIZAE LoD JNFAREQT 4 MEFS,
R e
wel | - known 10 an internal capacity of 200 cc, and the interior was
flushed three times with nitrogen, followed by suspension
polymerization at 40°C for 22 hours to obtain 28 g of a
cyclic polymérization polymer (hereinafter referred to as
polymer A). The intrinsic viscosity (7) of polymer A was
15 0.2 d1/g as measured at 30°C in perfluoro(2-
butyltetrahydrofuran). Further, polymer A was heat-
treated in air at 300°C for 3 hours and then immersed in
water, to obtain a polymer having functional groups in
its molecule (hereinafter referred to as polymer B). In
20 the IR spectrum of polymer B, a peak attributable to a
carboxyl group was confirmed, and the amount of carboxyl
groups was 0.03 mmol/g polymer. Polymer B had a
dielectric constant of 2.1 and a modulus of elasticity of
at most 1 MPa at 200°C.
25 Further, polymer B was immersed in
dichloropentafluoroethane/l-propanol in the presence of

sodium borohydride and refluxéd for 5 hours, followed by



rrét hod such as a wet etching nmethod or a dry etching met hod.
Particularly preferred is a plasma dry etching 20 nethod enploying a

fFuori nated hydrocarbon type gas such as CF4 or (Jerr]F[err].
In the present invention, the sem conductor device may, for exanple,
be a discrete sem conductor device, such*hs a diode, a transistor, a

conmpound sem conductor, 25 a thermstor, varistor or a thyristor; an
i nt egr at ed ci r cuvasking) apd\drgEngstie PRiain aepRiXmer chavipg BRRRFional

(dynam ¢ random access Menor t
- 39 - access rre%? ém%glreggg eh%re%?%ﬁlegef%%dd tc‘))nfay

nmenory), mask ROM (maskyy; n@firdc?f” Vil RKRI YR , spEEEBGMof pol¢@éead,r iacpbhly
erasabl e programuabl e read only nenory) or a flash nenory, a logic IC
e.g. a mcro processoattributablé @SIE depx}dl grpgmataspobeeserst.) BplympiCC

(application speC|f|cIC nmonol i cr ova eIC a hybrid
IC; or an optical %evhdd a die e‘é“s”é’ I"F’@ﬁéa'btm#t%n{) Qi{go&em P)Ea cha?/geI

coupl ed devi ce. 1asHR8 £6 00 idImbEL M haTRd Bygdcdie composition of the
10 present i nvention 18 appltTed as a uffer coat film a passi vation

film an interlayer dexAMrUE 2C(Préparatiem B;:emp]le) ray shielding film
for a sem conductor device, whereby it possible to attain_hi

performance in e.g. reducdthg of Pe‘tﬁ%é’%Ph’é“tcﬁnyévgﬂ&}e%baghtq (9n°c§e1“g'§/h¥}f a

device by perfluoro(5-oxa-6-heptenoate), 150 g of deionized water

10 and 90 mg of ((CH;),CHOCOO), as a polymerization
initiator, were charged into a pressure resistant glass
autoclave having an internal capacity of 200 cc, and the
interior was flushed three times with nitrogen, followed
by suspension polymerization at 40°C for 24 hours to

15 obtain 30 g of a polymer.

The intrinsic'viscosity (7) of this polymer was 0.34
dl/g as measured at 30°C in perfluoro(2-
butyltetrahydrofuran). Further, methyl ester groups of
this polymer were hydrolyzed by a well-known method to

20 obtain a polymer having 0.12 mmol/g of carboxyl groups
(hereinafter referred to as polymer D). Polymer D had a
dielectric constant of 2.1 and a modulus of elasticity of
at most 1 MPa at 200°C.

EXAMPLE 3. (Preparation Example)

25 Perfluoro(2,2-dimethyl-1l,3-dioxole),

perfluoro(butenylvinylether) and methyl perfluoro(5-oxa-

6-heptenocate) were subjected to radical copolymerization



15 virtue of excellent electrical properties such as a |ow dielectric
constant and a high dielectric strength, and it is also possible to
attain high reliability by virtue of excell ent mechani cal properties
in a high tenperature region. 20 In the present invention, the
mul ti-layered circuit board i ncludes a rﬁzgﬁ density circuit board such
as MCM By applying the coating filmforned fromthe conposition

of the present inventPopbtaima PALEMGLPEViag & ed@spctransitipptenperagure

possible to attain th g performance i.n 25 e.g.,r i t ' of

si gnal propagation d(??a_ g% &Le J?‘ﬁterﬁ?lséﬁ S "i°a55‘it?i {’K/)edo;flcr?ﬁ?faaoglﬁg y, as
in the above desaki Heft GAYE- as measured at 30°C in perfluoro(2- -
40 - Now, the present invention will be described in further

detail with referenceéutpltedambydsoftimmver This polymeshwas dydeolyrest $nood

that the present invention is by no | _neans restricted by such specific
Exanpl es. 5 EXARPLERE $a0eF2nRer 3¢ BRafppRele 2 to obtalgsa palymer

per fl uoro(but enyl vi n?{,ggmgr%?aég%%&% %n éjr?ia‘ﬂ{&iuf“c’doﬁ"@tﬁ‘sz medh g Of

met hanol and 90 ng o as a polymerization initiator,
wer e char ged i npolgmer eheuteensifisdrS refer et astpalymee Bpvi IRPplyhér an
I nternal capacity of 200 cc, and the'interior was flushed three tines
with nitrogen, follofehadya Siedeasrim constant of 2.1 and a modulus of

elasticity of at most 1 MPa at 200°C.

10 EXAMPLE 4 (Preparation Example)

Tetrafluoroethylene and methyl perfluoro(5-oxa-6-
heptenoate) were subjected to bulk polymerization using
( (CH;),CHOCOO0), as an initiator at 40°C under 7.0 kg/cm?
to obtain a copolymer, which was then hydrolyzed to

15 obtain a polymer having carboxyl groups in an amount of
1.3 mmol/g polymer (hereinafter referred to as polymer
F). Polymer F had a dielectric constant of 2.4 and a
modulus of elasticity of at most 100 MPa at 200°C.
EXAMPLE 5 (Preparation Example)

20 In a reactor, tetramethoxysilane and
CF4(CF,)5CH,CH,Si (OCH;); were dissolved in methanol in a
molar ratio of 1:0.5, and nitric acid and water were
further added thereto. Then, the mixture was reacted at
room temperature for 72 hours. Then, the reaction

25 solution was passed through a column of an ion exchange
resin to remove nitric acid. Then, the solvent was

substituted by CF,CF,CH,0H to obtain a solution of a



pol ynmeri zation at 40[err]C for 22 hours to obtain 28 g of a cyclic

pol yneri zati on polyner (hereinafter referred to as polymer A). The
iatrinsic viscosity ([err]) of polymer Awas 15 0.2 dl/g as neasured at
30[err]Cin perfluoro(2- butyl tetrahydrof,yran). Further, polymer A was
heat - treated in air at 300[err]C for 3 ﬁgurs and then imrersed in
water, to obtain a pol%/me_r havj ng func ionaéez%ragups i nol ecul e

! T
(hereinafter referredP?Fiad I¥oPYRRRLYEF Ehe #{}? §pLid r‘fj)rsﬂtSf‘Lpol yner

B, a peak attributabl gt QR ration ¥ RAXY! s ABN RS HAULEER Do aRdwEdeo
anount of carboxyl groups was 0.03 mmol /g pol ymer.” Polymer B had a

di el ectric constant ofbfaih andodutiudill(Hereinaftest refdnredf to as sallubst 1
MPa at 200[err]C 25 Further, polymer B was imersed in |
di chl or opent af | uor oet Bhne/Theprepgiiolavienagn diqlesydat raight of WYE um

bor ohydri de and refl uxed faqr_ 5. hours, f.ollo
- 41 - washi ny aﬁ?lrdﬁ‘ﬁ}inghY%roo tzgfinc%n%%%ﬁ%rw%sav]i'rqaof %sctﬁa%ﬁgfated

groups in its nol ecul gg ga@@itgaéﬁ@robrtafigéd% ePcqs polymer C). In the
| R spectrum of polyner C, a peak attributable to a hydroxyl group was

observed. Polyner C EXAMNPIE & (PeéparationcRyxampded of 2.1 and a nodul us of
elasticity of at nost 1 MPa at 200[err]C AVPLE 2 (Preparation
Exanpl e) 40 g oflhé& FFﬁS’f‘{)‘('bLY]F%?'F%WVEg%3 and 6 g of nethyl
methyltrimethoxfsilane were dissolved in CF,4(CF,);CH,CH,0H
10 in a molar ratio of 1:1, and nitric acid was further -
added thereto. Then, the mixture was reacted at 70°C for
for 5 hours. Then, the reaction solution was passed
through a column of an ion exchange resin to remove
nitric acid, to obtain a solution of a partially
is hydrolyzed condensate (hereinafter referred to as
solution X). The solid coﬁtent concentration of solution
X was 15 wts.
EXAMPLE 7 (Preparation Example)
A solution of a partially hydrolyzed condensate
20 (hereinafter referred to as solution Y) was prepared in
the same manner as in Example 5 except that as the
solvent for reaction, CF;CF,CH,OH was used instead of
CF,(CF,)5CH,CH,0H. The solid content concentration of
solution ¥ was 15 wts.
25 EXAMPLE 8 (Preparation Example)
In a reactor, tetramethoxysilane and

CF,(CF,),CH,CH,Si(0OCH,); were dissolved in CF;CF,CH,0H in



per fl uoro(5-oxa-6-heptenoate), 150 g of deionized water 10 and 90 ng of

((CH3) 2CHOCOO) 2 as a pol yneri zation initiator, were charged into a
pressure resistant gl ass aut ocl ave having an internal capacity of 200
cc, and the interior was flushed three tinmes with nitrogen, followed

by suspension pol ynerization at 40C for 24 hours to 15 obtain 30 g of a
pol ynmer. The intrinsi¢ viscosity (v) qf this pol r_was Q.34

di /g as neasured at SOPetd] C"faitr’l°p‘é‘€fll‘@oﬁljd)(é"-‘a nlt“ﬁu?‘if‘lpdtoéil‘ggﬂvcﬁrofw&fgn).
Further, methyl estey herdtdl.S PRy, Rhe Rl R J1RdLOL YZRARY Bt
wel | - known net hod tofuggﬁ)&g%tdglfeﬁ t<:31(?)roelttyrnar avi ngeo. 12 mol /g of carboxyl
groups (her ei nafrbek tefpRraedré Eas £pol y2riouds. Priemeth® teattdon

dielectric constant of 2.1 and a nodulus of elasticity of at nost 1
MPa at 200[err]C. solEdgvPvEs3PRsRah AhAPHEh EeahpnR)of a9 ion exchange

Perf | 2, 2-di methyl -1 3-dioxole) . . fl | d
mot hyl per {1 uor o B of g2+t £ TERRERIiriresERks SCRRHE ERpLLRG TR

copol ynmeri zati on partially hydrolyzed condensate (hereimafédr-referredOto
obtain a polynmer having a glass transition tenperature of 160[err]C.
The intrinsic viscosasys¢ltioh Zhi s Thel pobid conteptiscancedtdptipmeineasur ed
at 30[err]C in perfluoro(2- but yl t et rahydrof uran). This pol yner was
hydrolyzed in 5 t h&L4hPhdniaF L3 W% Exanple 2 to obtain a pol ymer

EXAMPLES 9 to 21 (Examples of the present invention) and
10 EXAMPLES 22 and 23 (Comparative Examples)

Polymer A, B, C, D, E and F obtained in Examples 1 to
4 and solutions U, X, Y and Z of partially hydrolyzed
condensates of alkoxysilanes obtained in Examples 5 to 8,
and the compounds as identified in Table 1 were used to

15 prepare solutions having compositions as identified in
Table 2. Here, in Examples 12, 13 and 14, after the
preparation of a solution, stirring was carried out at
40°C for 3 hours to crosslink the polymer with the
partially hydrolyzed condensate of alkoxysilanes via -

20 APMS.

In Table 2, the compositional ratio in the solvent is
represented by a weight ratio, and the amounts of the
condensate, MTES and APMS are represented by parts by
weight per 100 parts by weight of the solid content

25 polymer, and all of the compositions were prepared so
that the polymer coﬂcentration became 3 wtg.

Then, with respect to each composition, the following



hiavi ng car boxyl groups in an amount of 0.15 nmol/g pol ymer
(hereinafter referred to as polynmer E). Polyner E had a dielectric
constant of 2.1 and a nodul us of el asticity of at nost 1 MPa at
200[err]C. 10 EXAWPLE 4 (Preparation Exanpl Q Tetraf | uor oet hyl ene
and net hyl perfluoro(5-oxa-6- heptenoate? wer e subjected to bul k

P kgl cme | To CPREWASLEpY 6 CAFFIEY RHL- {19 RSO, BAN D 4 15
obtain a pol ymer navi g gk befi/)nh w%rofgfmédq f%maepg%lg on_of Jcng mmol / g

pol ymer (hereinafter e ere 0 as ad a

dielectric constant cfompodi8iéndy a caﬁf&ﬂtd mtnaa,elmt tﬁetﬁbla.fowahg nost 100
MPa at 200[err]C EXAMPLE 5 (Preparation Exanple) 20 In a
reactor, tetranethoxyesalaasions (B) toCtR) GEZFSMU@SP(IQCI—@)@ Fepelts are

dlssolved in methanol .in a nol.ar atlo of 1: nd 0 a nd
wat er were f & t HEPPYRAdB TS Sr o, %(ﬂ?k"flﬁew?ﬁ )ﬁ ?3"%%3 rngéc &bcq” 2
roomtenperature for A 1QYbs ad CRoutPeat AFOPEPNthetd 1 HOUMIHLOR VLS fRSSEd

t hrough a colum of an ion exchange resin to renmove nitric acid. Then,
t he sol vent was thens i hotedthB5CFRCF2CH20H to obtain a solution of a
- 43 - partially hydrolyzed condensate. The solid content

concentration of this soll@iAPPearanssj ot e E1YbiM 0, £He aPPEATAPSE PL
solution (hereinaft €l fs%ﬁ.fxggoﬁ Qva@sv§91.ll&’.l'.[ly0@xam1ned.

10 (B) Appearance of the coating filﬁ: The appearance
of the coating film was visually examined.

(C) Measurement for modulus of elasticity and
measurement for linear expansion coefficient: By a TMA
(thermal mechanical analysis) method, a modulus of

15 elasticity at room temperature and at 200°C, and a linear
expansion coefficient between room temperature and 100°C,
were measured.

(D) Dielectric constant: The value at a frequency of
100 MHz was obtained by the measurement of the

20 capacitance.
EXAMPLE 24 (Example of the present invention)

The solution of the composition obtained in Example
13 was coated by a spin coater and baked at 100°C for 1
hour, then at 250°C for 1 hour and then at 400°C for 1

25 hour, to form a coating f£ilm having a thickness of 0.5
pum. In this manner, two silicon wafers were prepared.

Then, on one wafer, an aluminum film having a thickness



U). The wei ght average nol ecul ar weight of this 5 partially hydrolyzed

condensate was 1,050 (as cal cul ated as pol ystyrene obtai ned by GPC).
EXAMPLE 6 (Preparation Exanple) In a reactor, tetranethoxysilane
and met hyl t ri met hoxysi | ane were dissolv {i in CF3(CF2) 5CH2CH20H 10 in
a nmolar ratio of 1:1, and nitric acid was far added thereto. Then,

the m xture was react ed at 700C for for 5 hours Then, the. reactjon

sol ution was passed ©Of 1 ¢ %af)iformes| RirnPRYCLER1 RN and B fdie PERRT Yafer:
remove nitric aCA latsﬁa 8% 'fq.lﬁ Qé Lft éﬂ@doin Q:h%akaifc}vlﬁxg 1jn§ er
to as sol ut ron %1 Th

hydrol yzed condensate ererna erre

solid content concentr¥idigtdR, O ﬁqhubhomnnde KinmsvabSeotfed in a ERHAMAess7
(Preparation Exanpl e) A solution of a partially hydrolyzed
condensate 20 (her efh®0t R befeegasdmixture 9| BRNQFE 1yne nANMINEARRY | n

t he sane manner [ ept_that. a ol vent _for
reacti on, CF3CF2052C]—’|”\I%N§§)HEE |d‘ra1)s(§:§8§da o?lallcog %ﬁ‘%ﬁcﬁi}%éﬁé’dﬁ?@ The solid
content concentrati onifckness @plml B Wad\Forhbd Wyla gab mimeNBLEE 8
(Preparation Exanpl e) In a reactor, tetranet hoxyS| | ane and

CF3( CF2) 7CH2CH2Si ( CCHindsikare dirsk okygen ii.nEEBBEQ.CHTBEN} rboth wafers were
e baked at 400°C for 30 minutes in a hydrogen atmosphere,
whereby the resistance against cracking due to heat
10 stress was examined by a metal microscope. The results
are shown in Table 4.
EXAMPLE 25 (Example of the present invention)
The same evaluation as in Example 24 was carried out
except that the solution of the composition was changed
15 to the one obtained in Example 18. The results are shown
in Table 4.
EXAMPLE 26 (Example of the present invention)
The same evaluation as in Example 24 was carried out
except that the solution of the composition was changed
20 to the one obtained in Example 20. The results are shown
in Table 4.
EXAMPLE 27 (Comparative Example)
The same evaluation as in Example 24 was carried out
except that the solution of the composition was changed

25 to the one obtained in Example 22. The results are shown

in Table 4.



a molar ratio of 1: 0.5, and nitric acid and water were further added
thereto. Then, the m xture was reacted at roomtenperature for for 72
heurs. Then, the reaction sol uti on was passed through a colum of an

ion exchange
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Then, on one wafer, an alum numfilm having a thickness

- 46 - of 1 pmwas forned by sputtering, and on the other wafer,
a-plasma CVD filmwas forned in the foll ow ng manner. Firstly, a
silicon nitride filmwas fornmed in a thicknesgg - of 50 nm by a gas
m xture of nonosilane, anmonia and 5 nitrogen, and then a silicon oxide
filmbhaving a t hi ckness of 500 nmwas fornmed by a gas m xture of
nonosi | ane and oxygen dinitride. Then, both wafers were baked at
400[err]C for 30 mnutes in a hydrogen atnosphere, wher eby t he
resi stance agai nst crackigng dde o hed kari ngd py |a nejf al
m croscope. The resulfs o . shpwn EXAVPLE PS [(&xappl e
of the present inventijon)y § ~ ITHe 5 e Exanmlfes 24| was
carried out excefgt tha} 0| oot}i ' | g has) eHagogef
15 to the one obtaineq irf B 1B. DWW il §abje
4. EXAMPLE 26 (B & e _br Ihe |sgne
eval uation as in Exangl e 24 arfie hgt {he] sql uti pn
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eXcept that the solution of the conmposition was changed 25 to the one

obtai ned in Exanple 22. The results are shown I n-Tabl e 4.
- <47 - Table 1 Abbr evi ati on Chem cal Nane
FTBA Perfluorotributylam ne TFOA _ _ CF3( CF2) 5CH2CH20H  PFPA
CFlerr] CFlerr] CH err] OH 3 2B CH3CH2OH MTES
Met hyl tri et hoxysil ane APNMS Am nophenyl t ri net hoxysi | ane
- 48 -
Table 4
Example No. Al £ilm CVvD f£ilm
5 24 No cracks No cracks
25 No cracks No cracks
26 No cracks No cracks
27 Cracks formed |[Cracks formed
10 By coating the composition of the present invention,

the mechanical properties in a high temperature region
will be remarkably improved as compared with usual resins
having low dielectric constants, and it is possible to
obtain a uniform coating £ilm, and the reliability in the

15 case exposed at high temperatures, will be substantially
improved. Especially when it is applied to a
semiconductor device or a multi-layered circuit board, it
is possible to accomplish reduction of the time of signal
propagation delay by virtue of its low dielectric

20 constant, and it is sufficiently durable against heating
in the production step and the packaging step, whereby

the reliability will not be impaired.



[érr]

i

10

15

20

25

...51_

CLAIMS:
1. A low dielectric resin composition comprising the
following components (a) and (b), and the dielectric
constant of a coating film formed by this composition
being at most 3:

(a) a resin having functional groups in its molecule
and being soluble in a solvent; and

(b) a partially hydrolyzed condensate of
alkoxysilanes of the formula R! R% Si(OR3), . ., wherein
each of R! and R? which may be the same or different, is
a non-hydrolyzable group, R3 is an alkyl group, and m and
n are integers of from 0 to 3 satisfying 0<m+n<3.
2. The composition according to Claim 1, wherein the
modulus of elasticity of the coating film formed by the
composition of Claim 1, at a temperature of at least
200°C, is at least the modulus of elasticity of the resin
(a).
3. The composition according to Claim 1, wherein the
proportion of the partially hydrolyzed condensate (b) is
from 3 to 400 parts by weight, per 100 parts by weight of
the resin (a).
4. The composition according to Claim 1, which contains
a coupling agent (c).
5. The composition according to Claim 1, which contains
a reaction product obtained by crosslinking of the resin
(a) and the partially hydrolyzed condensate (b) by means

of a coupling agent (c).
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6. The composition according to Claim 1, wherein the
functional groups of the resin (a) are groups
crosslinkable with the partially hydrolyzed condensate
(b) or a coupling agent (c).

7. The composition according to any one of Claims 1 to
6, wherein the resin (a) is a fluorine resin having
functional groups in its molecule and having a fluorine-
containing aliphatic cyclic structure or a fluorine-
containing aliphatic structure in its main chain.

8; The composition according to any one of Claims 1 to
7, wherein the partially hydrolyzed condenséte (b) is at
least one member selected from the group consisting of a
partially hydrolyzed condensate of tetraalkoxysilanes; a
partially hydrolyzed condensate of fluorine-containing
alkoxysilanes and a partially hydrolyzed co-condensate of
tetraalkoxysilanes and fluorine-containing alkoxysilanes.
9. An article having a coating film formed by the
composition as defined in any one of Claims 1 to 8.

10. The article according to Claim 9, wherein the coating
film is a buffer coat film of a semiconductor device, a
passivation film of a semiconductor device, an interlayer
dielectric £ilm of a semiconductor device, an a-ray
shielding film of a semiconductor device, or an
interlayer dielectric £ilm of a multi-layered circuit

board.



Tabl e 4 Exanpl e No. A film oVD film

24 No cracks No cracks 5 | 25 No cracks

Ne cracks 26 No cracks

27 Cracks formed Cracks forned 10 By C ail n%&T Hé‘grﬁﬁﬂ? tion
of the present invention, t he mechani cal ﬁropert eS|

tenperature region wi || be remarkably inproved as conpared vmtn gsual
resins havi ng | ONB%W%C@MH c constants, and it is possible to

obtain a uniform coati ng or"rvy dilgfi%éé}'ic F{Egﬁp Jo\‘ansiﬂJnhgo é? s S333C ¢ éposed

at high tenperatures, e substanti a rove specl aI y when
it is applied to a folﬁﬂﬂn@oadwdﬂuntdevapaxﬂr (B) erId thay@ieacicetwwt
“board, it is possible to acconplish reduction of the tinme of signal
propagation del ay by W#QWtOPfIQSan@WnGI &l iforped hy tbasteomposihéont s
sufficiently durable agai nstt heat i in the production step and the
packagi ng step, where %‘ PREE I iability will not be inpaired.
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and being soluble in a solvent; and
(b) a partially hydrolyzed condensate of

alkoxysilanes of the formula R R? Si(OR3), , ., wherein

-m-
10 each of R! and R? which may be the same or different, is
a non-hydrolyzable group, R3 is an alkyl group, and m and

n are integers of from 0 to 3 satisfying 0<m+n<3.
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.fol Lowi ng conponents (a) .and (b), and the dielectric constant eo#s a
~goati'ng filmformed by this conposition 5 being at nost 3: (a)
a resin havi.ng functional groups in its nolecule and being soluble in -
a solvent; and (b) a partially hydrolyzed condensat e of
alkoxy5|lanes of the fornula Rlerr]nRlerr]Si (OR3)[err], wherein 10 each
of Rlerr]l and R2 which may be the sane or different, is a

non- IREP] ‘BMI'P M, R3 is an al kyl .group,._.and m_and ‘ n are i nt egers
of ffr --gﬁ& S—sat+51 \li Ng O4MFN<BIPLACEMENT Emé«b&"érrpo&i'tlogu according to
L

d aijmfl, wherein t hd nnﬂuﬁ“&:aﬁ;ehasbv@iﬁyt@ﬁmgﬁb coating filmforned
by the 29 DEeM¥sidign of A ahmikriat a d-gpber.as yreedt...at | east
200[lerkt]lC__is at ledst] the duk ofcs ?I%ﬁbg6|tygqﬁghhe .rédsin - (a).

3. The conposition acgordingj tg a(gI edafhgt @z=d :=.. |proportion of the
' ondensrte ( ) from to 400 jparts by wei ght,

per 100 parts by wei ght of EE e . B'HHLHﬁ; Thd conposition
according to Claim1, which Elgiigﬁéiﬁnnﬁ44ﬁyégﬁﬁ% (c). 5. The

conmposi tion according to Caim1, which contains 25 a reaction product
obt ai ned by crosslinking of the resin (a) and the partially hydrol yzed
condensate (b) by neans of a coupling %gent (c).

LOW DIELECTRIC RESIN COMPOSITION

The present invention relates to a low dielectric
resin composition which is capable of forming a resin
film with a low dielectric constant having improved

5 mechanical properties at high temperatures.

In recent years, as miniaturization, high integration
and high densification progress for semiconductor devices
or multi-layered circuit boards, insulating materials
having low dielectric constants have been desired which

10 contribute to shortening the time of signal propagation
delay. Presently widely used as a buffer coat film of a
semiconductor device, a passivation film of a
semiconductor device, an interlayer dielectric film of a
semiconductor device, an o-ray shielding film of a

15 semiconductor device or an interlayer dielectric film of
a multi-layered circuit board, are a silicon oxide film,
a silicon nitride film, a polyimide resin and the like,
but their dielectric constants are at levels of from 4 to
5, from 7 to 9 and from 3.5 to 4, respectively. Thus, a

20 material having a dielectric constant of at most 3, is

N




- 52 - 6. The conposition'according to Claim 1, wherei C 'hrﬂsﬁyﬁ%'
+fuhctignal groups of the resin (a) are,groups crosslin “
partially hydrolyzed condensate ~ (b)<pr a coupling agent {(c). 7.

The conposition according to any one of g)ai m 1to 6, c2d [DE@H%%
resin (a) is a fluorine resin having functional groups ijn_its nDIecuIé
and having a fluorine- containing aliphatic cyclic strlucture or a

fluorine- - containing aliphatic structure in its nain chain 108-
The conposition accor di ngLQWIMELECGTRIC RESIN\GOMRQSITION 7 wherein the
partially hydrolyzed condensate (b) is at | east one nenber sel ected
fromthe group consisting of a partially hydrol yzed condensate of

t et raal koxysi | anes, a partially hydrol yzed condensate of
fluorine-containing 15 al koxysilanes and a partially hydrol yzed

co- condensat e oRBSTRACTet r aal koxysi | anes and fl uori ne-contai ni ng

al koxysi | anes. - 9. An article having a coating filmforned by the
conposi tion as defi ded-dvh direlesty isf mEsdlimeompasigion conirisig ate cl e
according to Caim9, wherein the coating 20 filmis a buffer coat film of
a sem conduct or £@ddp¥éngs compongatsi & @adf ilbh-ornd dbe ddsdestaricdevi ce,

an interl ayer dielectric filmof a_sem conductor device, an [err]-ray
shi el ding fil m 6Pngtadk eénduccgtingyfidm Sprmed by ﬁhﬁﬁeHQ@P@ﬁlGﬂ@Pectrlc
filmof a rrusltl-la\r/lere (x:n'ors%u't board.

(a) a resin having functional groups in its molecule
and being soluble in a solvent; and
(b) a partially hydrolyzed condensate of

alkoxysilanes of the formula R, R? Si(OR3),_ .  , wherein

-m-
10 each of R! and R? which may be the same or different, is
a non-hydrolyzablg group, R3 is an alkyl group, and m and

n are integers of from 0 to 3 satisfying 0§m+n§3.
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