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SPECI FI CATI ON  PASTE COWVPCSI TI ON AND DI ELECTRI C
COMPCSI TI ON USI NG THE SAME 5 Field of the Invention
This invention relates to a dielectric conposition
whi ch shows preferable properties as a capacitor, an
interlayer insulation material for a circuit materi al
whi ch functions as a capacitor _and an optica
wiring material. Backé%%ﬁﬁﬂg T recent years, the
densification of nmounted circuit elenents is
progressing with the demand of downsi zi ng of
el ectronic 15 equi pnent and of inprovenent in signa
speed and caBA&fEyCOMBREVELON| ANDSDEEEERTRECa pr obl em
that electrical noise increase causes data error. In
order to suppr eSCOMBORETAONNYSTINGt HE SRMEtri cal noi se
and to stably operate a sem conductor device, it is
important to supply a necessary current froma
portion near the sem conductor 20 device. For that, it
Fielis &f freed iMe/drix i@ff ange a capacitor with a |arge
capacity as a decoupling capacitor directly under the

Se%ﬁ%”@.@ﬁﬁéﬁtﬂﬁ%f@.aﬂﬂ € oasy @11@%@%@:1@ <y 'tqgjna which

capacitor to a printed wring boar t here

show@et ng%f aPle ang(z):ggﬁ?)&%r nag Cagacwlcgg%éitozs SUCh ascerlayer

capaC|tor 2 prlnte Wrin oard
. respect, ownsi zi n IS advantag ou t
msu&ﬁt.lﬁ&g RSl douiiZing, Ll advent ageous thal o,
prlnted Wi ring hoard, to thereby give a capacitor
Capagﬁ?ﬂrtﬁ%%é) %qe&wm%@a&@éwtseu and a
met hod (JP-A-57852/ 1993 and JP- A-85413/1994) using a
conposite 5 in which the inorganic filler and resin
are m xed as an interlayer insulation material has
Backiggomrnkihdwty. However, the relative dielectric constant
of the conposite obtained by the
In recent years, the densification of mounted circuit

elements is progressing with the demand of downsizing of electronic
equipment and of improvement in signal speed and capacity. However,
it is becoming a problem that electrical noise increase causes data
error. 1In order to suppress generating of this electrical noise
and to stably operate a semiconductor device, it is important to

supply a necessary current from a portion near the semiconductor

device. For that, it is effective to arrange a capacitor with a

large capacity as a decoupling capacitor directly under the
semiconductor device.

Here, as a method of arranging a capacitor to a printed wiring

board, there is also a method of arranging external capacitors,

such as a chip capacitor to the printed wiring board. However, in
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above-nenti oned nethod was as | ow as about 10 to 20.
Al though it is possible to increase the relative
dielectric 10 constant of the conposite dielectric
material containing the inorganic filler by
increasing the addition of the inorganic filler,
[ ropblemthat the relative dielectric
TeSk& ocffs 5@0%5%211%? ithdreastaBlRACPES Ao Gmt 2hprgpnifefiller
inorganic filler increase, when the content of the
is aﬂﬂsng%.télef inRer LxveedRE sbevBrikes wiximyborecmEe, thereby
since its viscosity beconmes too high if an inorganic
glvﬁlﬂlqépaﬁaﬁpﬁgablﬁﬂgﬁ ticerbet préntodsvaning sooaxediteehf, and
resin too nuch, a large quantity of solvent is
a memhndlKyPnéeééﬁ527hé9éoamdnUPeHaB5hn@h1§9ebenﬁiﬁ@ a composite
constant conposition has been nade by renoving
in whokhethe firoyegad s diildidry bhg t8eipaste mideCaBPRSi it rlayer
containing an inorganic filler, a resin, and a sol vent

insuldR-iANLI584¥+1998)hasowrsy | kWB%ﬂ theH%Q@%%@t Ofhe relative
solvent is large, faults such as decreasing heat

dielkR&iStance fyeahe r%gﬂduﬂh‘xesoué&% And g%%%rzgn'e@ by the

voi ds around its surface were t about

abovERR0d 9] e%lcprfe%ﬁl?%g oA g %1 6}%' Val% d'tﬁl Ctsrfl

const ant novvn tO a

ind e S|ze to increase fillin
oSO, P o Sl s tlp%eaaPeF}é%tl?‘?]ca%‘f%t%ﬁl@Ctrlc
(JP- A- 88198/ 1978, JP-A-233669/2001). However,
Consﬁégﬁus ¢ KBS i 9RO ey fhelerhrhss M tfdm papenEpéning the
di aneter of the filler of 5 pmor |arger as the
inorgagdteltl HeaRhyparey e el ghamddit ot ite fhprganhadiller,
to be mxed with a resin, the thickness of the
thereonposinechobtmaithed tbel defetibe dihbecthan asnsbink dses not
about 300 pm On the other hand, there is a technique

incresisegeaen iifotpardantdnt lodr thetihdafge Ppahtilereincrease, when

di ameter as a nmethod of making the 10 dielectric

the cedatant hibgh. thee dhel@ehric angtant e%fce%dfs' ls®r  volumes.
depends on the crystal structure of the filler.

FurtGeRRLRLI Vs SREaK] 9.~y 1 LANCAS 'H%%dn[é%r gani fii GhYysE al, i¥drganic

seen such as in bariumtitanate
filler having a high dielectric constant is mixed to a resin tco

much, a large quantity of solvent is usually needed.

The conventional high dielectric constant composition has
been made by removing solvent from and solidifying the paste
composition containing an inorganic filler, a resin, and a solvent
(JP-A-158472/1998) . However, when the content of solvent is large,
faults such as decreasing heat resistance due to residual solvent
and generating voids around its surface were brought about.

As an method of achieving a high relative dielectric

constant, it is known to add a filler having two or more kinds of
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the m smatch of center-of-gravities between the anion
and the cation brings about a |arge dielectric
constant. If the particle dianmeter 15 of filler
becones small, generally saying, crystal grain size
al so beconmes small and the surface energy of the
i cl.e becones and the symetri cal ness of ,
Par’flr?el Pf;%?a‘fos%rﬁr&&tﬁ%%l&& %@CFﬂ¥ort‘tférthetr@qyeE}BE§ relative
ener of the whole system If the nretri cal ness of
diel&E iy sPaASERR tio i i ﬁéPeas§§19Béé§a§e R S Pt €/ 2001)
bet ween 20 center-of-gravities of the anion and the
Howeygtm, orPdreziones téfal i1 ker duetdctthiecedonsiamt abeeamesparticle
small. Therefore, the dielectric constant can be
diamqtﬂreaémebﬁibten@ﬁﬁ fur b2l awigelr dathe pesdtedtemean particle
dianmeter. This effect is remarkable especially in
diamegreiruandlittainate 11 efrofia@xanpkani € ke thsa ae LX3MPhe thickness
(JP- A- 293429/ 1996) in which barium 25 titanate of 15
of tRE ImpERt PAVHLlredat@benst ive B8 raghanfdd k8lick 3s about
and ethyl carbitol (the boiling point is 202 C) is
300 wged as a solvent. However, since the particle size
of the filler is large and t he specific surface area
of At h [ I en_if ol vent  havi ng hi gh .
OﬁlEagp%%ﬁ%r|§a§§2d£h?g%DV|ng-§%ﬁ%eﬁ%u% ?ﬁﬁﬁl%ﬁ)%éhfganlc
5 rrjed out Lativ short tipe and at
£ 112 B 1S ThahfiEhry Bibmelel, 3 b irtRoft o4 metifo the
rate qui cker than mgration of the resin and the
dlelﬁFFFé% EOCGTHFAT S By cothtd afifbRCh 1€ heonmbprat of a filler
ystem rmany voi ds generates. Generating voids causes
depeéidée%m éaseCT PPt hetdiwttabty PE WonsidAer . Wieenarsilyepeaking,
with a large nmean particle 10 dianeter is used,
CODC&Knﬁ@ughnDhgadﬂelecyatelconsuaﬁﬂlshchhasfihlmmrimﬁmﬁﬂﬁanate,
becones | arge, generating of voids can not be

the mtimiatott ed ceastameni f-onedy aboyebevebehftite 8 ¥aMNd the cation

having a high boiling point is used, and as a result,

bringbearih et @clst§e cORStAHr WREoRSLAAE . Wasr thRtpabE fcl@ dlameter
acquire a large value. Furthernore, S|nce t%e fil

o <5510 S IR EIA TS AP ST R IR S i o

becoln@ggsqngf‘l %]%cgg}l_el_ %\ﬂejjﬁecte?r&%etr%% gfrghe %arglcﬁgai%égxggse large,

I's as snal

and the symmetricalness of the crystal structure increases in order
to reduce energy of the whole system. If the symmetricainess of
the crystal structure increases, because the mismatch between
center-of-gravities of the anion and the cation becomes small, a
dielectric constant becomes small. Therefore, the dielectric
constant can be increased by using a filler with large particle
diameter. This effect is remarkable especially inbariumtitanate.
For example, there is an example (JP-A-293429/1996) in which barium

titanate of 15 pum of mean particle diameters is used as a filler,
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On the other hand, in order to make systemto be
mounted in the interior small and thin, a high
density SiP (systemin package) 20 equipped with LSI
with not only nmenory LSI but also LSI wth nany
termnals is being rapidly devel oped, however, the

capaci tor. bui] inthis SiP,is required strongly to

and Sgg%’ﬁicr?fsbolb&%? thRPTH HBEENT GfS hPs GInt8Msgrkss a solvent.
i nsul ation material for capacitors to be 10 m or

HOWGYH Iyt Fovidve rPa byl ¢+ Th i i bl 1 bkemi drielakdre and the
demand of 25 nmaking the thickness of 10 mor thinner

speddnifotswef aag iafeedf dite #iikerammotmakbposen ol f he solvent
needs for making the thickness of the interlayer

havirgt 8iighl bohl hngrpaiith shasedgenemapi df yso nosreasgdhiedting can
meki ng the performances of nobil e devices higher, such

be cagrdeceblitil aelaphosey 5nFRurdthertmariée shacgtt 6w temperature.
capaci tance of a capacitor is in inverse proportion

. Theri,0 sbh&chiti ekRess10hreakerda@y et insyhat hgﬁck@t @ﬁéﬁ!migration

in view of increasing capacitance of a 'capacitor, it

of thé r&d 50 Pletgeapi £1dp a@ﬁ%ﬁaﬁ%e&ﬂbglgﬁé %étf@r? of the whole
interlayer insulation material thinner. g\
Eur t - i cient of .inear. expansion_i

syt R e G hoadh Vst o g ause8a  decrease
i nt.erlayer .i nsul ati on terial,.. .The coeffjcient of ,

of b M R A Ea e T oo M e i 10 v E8F ol kS oedn particie

., _larger, and is very Iarge as,. conpared with the )

diamgieftt s BREder 2L FRBMPNekPENSi BheBE T i ReChRERRN sl e filler

, wiring layer, 15 for exanple, copper (17 ppn C)

itsetiebefores Wirewean daitegidtayesr ofi nsuilde iom matterdealcontrolled
whi ch consists only of resin is used, a fault by

as mgntaessedsabbvaseanni nfeal agkvede! ravimgi #arhamd Boiling point
di sconnection of wiring arise due to the difference

is uskdgoehtli aseat refulit pethe €xPBOSE PN WebNsBamk I8 52 and was
| ayer. On the other hand, since the 20 coefficient of

not !abm@ato_%@?\mﬁj:@rh gairdee vEmde .| onkEnkbRoresi 8108 thd&i11er
inorganic filler are made into a conposite, when the

of GAREPOSidr&se | MdMH CHLAPE; LNOT 93Dk gefll! eprandsthe resin oog

are m xed is used as
(JP-A-293429/1996), the thickness had to be large as 25 um,
therefore the density of capacitance is as small as 1.8 nF/cm?.
On the other hand, in order to make system to be mounted in
the interior small and thin, a high density SiP (system in package)

equipped with LSI with not only memory LSI but also LSI with many

terminals is being rapidly developed, however, the capacitor build

in this SiP is required strongly to be thin so that the thickness

of this interlayer insulation material for capacitors to be 10 pm

or thinner. However, by the conventional technique, the demand of

making the thickness of 10 um or thinner cannot be satisfied, and
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an interlayer insulation material, it becomes possible
to bring the value of the coefficient of |inear
expansion close to that of 25 the wiring |ayer.
However, by the conventional nethod, since an 5
inorganic filler could not be filled into sufficiently
. high filling factor, it was not able to | ower the
1t Gag thFeSl%fg%fﬁf‘f%iEﬂ? BEefpnder mekddnsithie dihigk@ess of the
.__interlayer insulation material to al nost near that of
inteH@ YRy iMfg 9yl CHiE bstrichfhaheeevempohly ningregpsed in
of this situation, in order to obtain a high
makigiget e e 1f o st b L gorpidss tiewn cwistini ghd owsuch as a cellular
coefficient of linear expansion, and further, as an
phonent erl ayer insulation material for |arge capacitance
capacitors to be built in high density SiP, this
| nverthermareyi desnde dikbeehpheieemResidd 08 aBfadltor is in
optical wiring material in which a sufficient

provi ded a paste conposition containing an inorganic
fiilher ; .apnsepo j Vi [ . L
t 1€ DiEROKY 1§t éi}?q
e epgs?te (E:Lgnpéy t?on I?s éc]éhara %e |zéél§£}j|tnnc hgg ??IBQSJIOI’ 1t 1s
C i ne_or re.solvents of Lch bojli oi ,nt .
2150 PG B PERERN € e, SR A S e P FBF bR isulation
nea rticle diameter is 5 pmor smaller, and the
matesqe IggﬁﬁFﬁﬁf of the solvent being 25 wt % or |ess
based on the total ampunt of., the paste conposition.
| nFH*§BEERATEs pectlon el Ficirnli d8dlangpsl egpangion is an
. conposition characterized in that it contains an
impoirggngamias ifd | peepsitidy areesinedt he ither garier leiidrerinsulation
contains inorganic fillers of at |east two kinds of
matemaan .pafhectee ff aoktet ,of tiheagrreakeshsieanoparéstheitself is
di aneter of said mean particle dianeters is 0.1-5 pm
50 ppd Tdeogr Qafrefir, meand paet ivid:ey diapgbens océfi®afddi ffh the
6 nmean particle dianeter is 3 tines or nore, and the

coefBRLeShtYof S ihRSS éﬁﬁﬂn§@o¥@ﬂjgﬁe%ﬁeﬂé‘lh%s%@i 14 25PeEhg 1aver,

7invéﬂﬁeﬂW@ﬁ%pbﬁtﬁbhaEQﬁmﬂuéntﬁi%kh%%saﬁﬂfcﬁntkgﬁﬁgeks insulation

there is provided a capacitor using the paste
for €RIRPIELT QB Yert MR 7 ppm/°C). Therefore, when an interlayer

insulation material which consists only of resin is used, a fault

by stress, such as an interlayer delamination and a disconnection

of wiring arise due to the difference of coefficient of linear

expansion with a wiring layer. On the other hand, since the
coefficient of linear expansion can be made low if the resin and
the inorganic filler are made into a composite, when the composite
in which the inorganic filler and the resin are mixed is used as
an interlayer insulation material, it becomes possible to bring
the value of the coefficient of linear expansion close to that of

the wiring layer. However, by the conventional method, since an



di el ectric conposition as defined above. In a fourth
aspect, there is provided an optical wiring using the
paste conposition or the dielectric conposition as
defi ned above. According to this disclosure, it is
possible to easily obtain a high dielectric constant
inorgaR9e fi?ﬂegfc 182k ¥ fjifigﬁtfﬁtco Spstant, o fy Eggh filling
of greater. Furthernore, since the conposition o
.S |j [ | Qw coefficient of linear_. . .
rackls AOVRIE 3R B3 q GIT Fhe bRl bs g dat ficient of linear
ansi al, when it is _used as an

ox exE gtq{ a\é/ir!ng{rret _ .
PR &PPayer-Thebi - taite) StatBFP4Rt gn ratezigl ko pristpstenear that
~a fault, such as an exfoliation between wiring |layers
of Bhewiginghdfe@%-on of wiring, and it can obtain a
capacitor which has high reliability. Furthernore, a
thin filmwhich has a uniform thickness and uniform
physi cal properties can be obtained easily. Since
Disehpsure odi tthisl drfvemtigsmge capacitance, it is useful
as the capacitor to be built in high density Si P or
as T viiriveo Fayeirs sipauktdbngni ARdede @k of Bt &ikh @Uhigh dielectric
board materials which functions as a capacitor. Best

condbdiet f@smpaEL¥iBa Pitht Be1biveBkirdl ciRIP¥H @ inear expansion,
composition of this invention is a paste composition

c HeB 1 Z it ' i f i nQr s
and RSN TES (b ' Ter 1o dhSulac i CBRRERIEY, for 1arge
i i_nar, jc,.filler se nmean parficl, . .

capdPX e Mol Chbl e orhLes i chioBofianaiEY /54, this
.___solvent having a bgiling point of 160C or higher and a | |
1nvelth 100 REGYEAES ot FRL o1 UHR TIPS W ORANS R dptderal wiring

on the total anmpunt of the paste conposition.
matenidhetforBichhps suffdmiient ithinuees etsrattained.

conposition 7a characterized in that it contains an

i AdragHrstoaspedt] eherarisl providsilrg pastheoimpmsihom coiftairigg an inorganic

contains inorganic fillers having at |east two nean

filler, R épolyereSinaRt LEcTverlt YRR tRAPAHE LEmPLANEH ¥ ciraltBfized in that

it contains one

or more solvents of which boiling point is 160°C or higher and an

inorganic filler of which mean particle diameter is 5 pm or smaller,
and the total content of the solvent being 25 wt% or less based
on the total amount of the paste composition.

In a second aspect, there is provided a

dielectric composition characterized in that it contains an

.inorganic filler and a resin, the inorganic filler contains

inorganic fillers of at least two kinds of mean particle diameter,

‘the greatest mean particle diameter of said mean particle diameters

is 0.1-5 pm and the greatest mean particle diameter to the minimum



inorganic filler wwth the greatest nmean particle
dianmeter is 0.1-5 5 pmand the greatest nean particle
di aneter to the mininmum mean particle dianmeter is 3
times or nore. The total content of the solvent in the
paste conposition of this invention needs to be 25
meaypagigle diametdyds ddinoes ehmoteynad tianporokity & lekMthaR 3t wlume %.
conposition. It is preferably 20 wt% or |ess, nore 10
pref I %oer. less..ln addition, wt % or nore,.
I 3R apdd, el B piofidedn Rafictor 'Bie bt SordBisition or the
dieledHitcBipoSition MAeTNdE aBgvef voi ds during drying due to
renmovi ng solvent is suppressed, and the relative
dielectric constant of the dielectric conmposition can

3%@ Hade hi gh. Furthernore,. since {he_annunt of voids. .
BAOWH asBrrtcthers warevided annniicel waringwsing the pasisg@mposition
. ﬂ@ﬁﬁ{' . ' the effect of noisture
orﬂm%%g wa é?ﬁégﬁﬁgggééggé%gggﬁﬁfUrthernDre, preservation
durability is excellent. If the content of the
sopeading toghisohieclosimn, % passible heeasdydbitaior eases at
drying and heat-curing processes for renoving the
~a highl dérllecand d ks ait eoPosi €l @st bECaceBIb@ilreObielectric
the dielectric conposition decreases in many cases.

conskthnther contentgatdre. sFhmate it £s S AN theM¥mposition of
since the content is snmall, the viscosity and

thishPRPELPELhYRAE & heopasd dﬁf@i@@é'c}f ?Lléﬁefra% :'é?{qagd%fcl}? close to

appropriate range. In addition, as act or

‘ Qe | ic.fi b high, th ff s s
the gée%ﬁgcigﬁr:ggfl f%ﬂégkgé:é%%r?seﬁgﬁgn?tsahé&% %ln\le/ee%ee%l,e%then it is

above-nenti one
becones. | ar and.in case where the.inqrgagnic filler
used; gs %%n%%? ggaggrmfn§oEP%ﬁBPemBFeFﬁélsoPFdl@o%@éﬁttPnPIOduce
a paste conposition, the effect of this invention is
a fadjoci SPFY 137 g@n ASXfBliphdorolkafiifeeR e ipiingi dayers or a
. invention, a boiling point 5 of at |east one of them
discapegstionbef180Ciog, hpghdeit cani ebpréhenabbpaci80€ which has
hi gher and nore preferably 200C or higher. If the
highbopeliagilpbiynt Bfir&éheahvert, iss tHEEC Mirlmigheeh has a uniform
generating of voids is suppressed and the relative
thickhekgcind wrehfisimBhRdidde phlaalfd€ can be obtained easily.
Since this is suitable for large capacitance, it is useful as the
capacitor to be built in high density SiP or as an interlayer
insulation material for circuit board materials which functions

as a capacitor.

Best Mode for Carrying Out the Invention

The paste composition of this invention is a paste composition
characterized in that it consists of an inorganic filler, a resin,
and a solvent, the inorganic filler contains an inorganic filler
whose mean particle diameter is 5 pmor smaller, the solvent contains

7



conposition can be nmade high. If the boiling point is
| ower than 10 160C, since the speed of the

vol atilization of the solvent is quick, densification
by the m gration the conponents cannot followthe
speed, and void portion increases, and the relative
dielectric constant of the dielectric conposition is
likely to decrease. Furthernore, as for the sol vent

a solSRG DV Sg | HVeHL 1 PRy b&lhﬁ 4% pegPerabl @ iihal, atn%l a total

boiling point is 300C or |ower, and nore preferably,

contleht ts.)rfz’tgﬁ %ggﬂl‘éf slds the %9:' lle ?'s ?SC&[}%%otaJt amount

hlghe e renmovi ng SO ven ohe
te erature and the el evated tenperature
ot t%’ gﬁ%%%%s %l%n t hereby causing a decline of the
EJIC characterlstlcs etc. 20 Furthernore, if it
em%ﬂﬁﬁ t b3 ﬁSSG@@eWEH%hpb§Hﬁcﬂl%ieFHElcréﬂmP051t1°n
becone greater and the nechani cal strength decreases.
Al t hough the sol vent used for the paste conposition of
this invention may consi st of one kind of solvent of
whi ch boiling point 1is 160C or higher, as long as it
contai ns the solvent of which 25 boiling point is 160C
or higher, it may contain other solvent. 9 As the
sol vent of which boiling point is 160C or higher,
nesityl ene, acetonyl acetone, nethyl cycl ohexanone,
di i sobutyl ketone, nmethyl phenyl ketone, dinethyl
sul f oxi de, y-butyrol actone, isophorone,
di et hyl f or mam de, di net hyl acetam de, 5
N- net hyl pyrrol i done, y-butyrolactam ethylene glyco
acetate, 3-nethoxy-3-nethyl butanol and its acetate,
3- et hoxybutyl acetate, 2-ethylhexyl acetate, oxalic
esters, diethyl nmalonate, maleric esters, propylene
carbonate, butyl cellosolve, ethyl carbitol, etc. In
this invention, the solvent containing an ester
structure 10 is preferably used, and a sol vent
containing a | actone structure 1is nore preferable.
The nost preferable solvent is y-butyrolactone. The
boiling point used in this invention is the boiling
poi nt under one atnospheric pressure, i.e., the
pressure of 1.013 X 105 N nt.

Ta
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Al t hough the neasurenent of boiling point can be done
by a well-known 15 technique and it is not especially
limted, it can be measured by wusing, for exanple,
the boiling point nmeter of Sw etoslawski. O her
solvents used in this invention can appropriately be
charé?ﬁ(%\sﬁg%zferc? ?pmg}%ﬂ:r&ag c%lnlsa:@ts %e at@gflpéggsiag’%c,: Afsllt lheer and a resin,
N, N-di et hyl f or mami de, nethyl ethyl ketone, 20
the dinggreladetldfd prdahexativneganie| bperremdmying at least

i sobutyl al cohol, isopropyl alcohol, tetrahydrofuran,
two tfaferearicht b obeaneeners, t Ehehmeroeayiténde bHmmdter of the
al cohol , nmet hoxynet hyl butanol, ethyl |actate,

inongeopyd énélglrywebth thengmebhylstenben mntkidle adetratter is 0.1-5
etc. and an organic solvent m xture containing one or
um el ecHdegeodt@se me@an ppetetabky disedtel0 tAs ke hapfim mean
of the inorganic filler, there are a spherical shape
part@lclidheidrete ranl 19 ifisR sphemead . shape, a
needl e-1i ke, tabular, a scale-like, a rod-like, etc.,
howevet o+ 81 SheEdflo S RAREs o Phehier | ithe gﬁsﬁépﬁgfuﬁbﬁﬂzion of
pref erabl e. Because the spﬁerlcal shape or the Trke
. h ; i f.iLc,surfac rea,. it is hard to
el L e AR Phe2 S el G BeS% et ot B B8ral amount
ohesi on or lowering fluidity of the resin. One kjnd
of e B e SRR LA lls el bl HReb” ShEHRGEY 20 Wit rorotess, more
kin be m xed and_used. In order to achieve a |ow
prefeg iygér‘ﬁ S0PE LieRSar &R oiPaind WtfDOH MAXghis preferable.
relative dielectric constant, it is preferable to add
Whery fBgeconfgnganifcthe| fetgend ihe2besih o thedd glgenerating of
filling factor. Organic resins generally used as an
voidisnderfingeiryisuldts op rembeingl shibwenia icoshippekeestdef and the
I i near expansion, for exanple, 30-50 ppm Cin case of
relaaipel yislderrandcSfspont GO dakekcithicasémpbs0t i8R can be
epoxy resin. Although these are very |arge as conpared

madeVWhigh . t hen coed et eNtsiofcd kRRaEmEXRANSE A iefs ANWLHI BSn cause
netal, for exanple, 17 ppnf C of copper, it becones

. moisRsel bbealke decigase,t I&eicrhz:1r1§néle];§3fiic i?ria]%%trri%fl lﬂr%%?érties under

expansi on by m xi ng an i norg

the effect of moisture and water can be decreased. Furthermore,
preservation durability is excellent. If the content of the
solvents is more than 25 wt%, the void increases at drying and

heat-curing processes for removing the solvent, and the relative

dielectric constant of the dielectric composition decreases in many

cases. If the content of the solvent is less than 1 wt%, since the

content is small, the viscosity and homogeneity of the paste

'composition are not in the appropriate range.

In addition, as the filling factor of the inorganic filler

becomes high, the effect by the above-mentioned content of the
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Furthernore, in the dielectric conposition which
consists of 20 the inorganic filler and the resin,
the relative dielectric constant of the dielectric
conposition follows to the cal culation for
determination of the relative dielectric constant in

co site o-called the logarithmc mxture law (1 )
501 VST IR FARYORREARD CRRBUIERE RO LERET= AR, bl ler is

Rokakuho Publishing Co., Ltd., which 25 is the o
Con%b%ﬁg% Y aRsIBRToR IHNMNRL IR GRyErgt 1nm PagtetsoPeBition,
11 Ceramcs, Second Edition", John Wley & Sons, Inc.,
the teffrtateld Hyls Kayven: konetsiesmeaial 91y rge As t he
content of the inorganic filler which has a high
di dedtorn ¢heonstlaenti needabgsthiheimedmtior, a boiling point
dielectric constant of the dielectric conposition
of atltedgtednemfi therasasis tOYe V6O °t Q3Fhighdy. S 1t ekqdda@rably
di el ectric constant of conposite Si: relative
180 W ekatigti«r aanshard @r@ﬁe%%ﬁycm%@hf’%heﬁpn%izhg boiling
10 Vi: Volune fractions of each conponent of
poi OISk L 601 LBOT 48T g TRKE: UREAIES] NgLADLALBAg!BR voids is
inorganic filler with a high filling factor, Pt s
] t r. r ki nds_.of. fil. er .
sup g e B S PR ags i <Teotric
it s filled up wi,th a filler of single particle sjze,
comgids 436 FpropShaine by | o tBhaPelorfehBotikelanmuer than
Mhen it is filled in high density, rhonbus-like voids
160°4reSHererheetP et Réerhd Pilafdligat isnit theigadeent is quick,
cannot enter into these voids. However, if the other
densffiijcat ljog bymdihee migrat ithe thiez coporivedes veirdst ifiollow the
can easily enter into these clearances further and
speedhe and Naig fraetbrowamnbeeases paged ehsi pla20vien dikilectric
i nvention, regarding the inorganic filler contained,
consitanits qff efles atii elebhatitheotipkarenee iatiokbeyween ddtgecase.
mean particle dianeter of the inorganic filler which
Furthagmbhe,g=eatest fRansoPaehiCh@cdi FEteLi andntbeLMBAN it is
particle dianmeterof the inorganic

preferable that its beoiling point is 300°C or lower, and more

preferably, it is 280°C or lower. If the boiling point becomes

~ higher than 280°C, the removing solvent must be done at an elevated

temperature and the elevated temperature decomposes the resin
thereby causing a decline of the dielectric characteristics etc.
Furthermore, if it becomes higher than 300°C, decomposition of the
resin become greater and the mechanical strength decreases.
Although the solvent used for the paste composition of this
invention may consist of onezkind.of solvent of which boiling point

is 160°C or higher, as long as it contains the solvent of which

‘boiling point is 160°C or higher, it may contain other solvent.
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12 filler which has the m nimum nmean particle dianeter
is as large as possible, and it is preferable that
the greatest nean particle dianmeter to the m ni num
nmean particle diameter is 3 tinmes or nore and further
S5 times or nore. If the difference ratio is small, the
5 mal |l filler can ot efficiently enter into voj ds
&St FENVE Te © |“1}11é:rhs% B it Rt dankl0 |Cf Qhdiigher,
dlfference ratiois large, the small fillers are apt
mesitylegitar e 3GaFqne ad?%t@}esn ngresthabi sy dohatediases diisobutyl
is preferable that it is 30 tines or |ess and further
ketong,tihgelybrrHarssl kebobe i gy his uildoxdgasi, cy-fidtdyerolactone,
with at least two nean particle dianmeters, it is
sophwogfosreabl e t hat dhethpl &brmahiide, of the i nbimgsiHylacetamide,
filler wwth the greatest nean particle dianeter Va and

N- me&h@ﬂpyﬁﬂolﬂdﬁdﬂﬁf?ib&fytélﬁﬁﬂ@ﬂlCéﬂﬂﬁﬁ@hé“&hy&@@ acetate,
m ni mum nmean particle dianeter Wb satisfies 0.0

3- méﬂ%n@N@f¥Ekh?ﬂ%@taﬁbﬁﬁnkﬁlt5@%é¥3ﬂ$t31§etﬂo¥9bH€§lacetate,
ratio of the small fil IS preferably 5% or nore” and

2- eth%i%e&@@né%%@é%gﬁﬂbigﬂfge %g%?%@g t%ghggfe q%nﬁte, maleric

lerS. In case of less t

este%% jftﬂg%i{ﬁgg%gb 8E%hlg§§gpo FglanntggéﬁcaFﬁétoi atc.
becones | arger

%ﬂmﬁ#’“ TSRS P BB b TR S TN GG RreP Ee Structure

ffect increasing the, filling anount by nutual

is py ﬁ§‘é§ F‘Biybﬁéﬁﬁesagﬁa? | SoBean ot riRingryd agtPnsmatiructure
fillers, a filler of other particle size my be m xed

is meyrRiPEedR riol leaseThe mdwteprefembéekdaldesnt by weodsired actone.
particle sizes and conpounding ratio suitably, the 25

The led i bng gfoiintueasl g thi g hevenklibngi § aticoboby inyXpdiht under
fillers is 13 acquired. As for the inorganic filler

one ds@fspPhethbSprayentd o . dl, It&:d){o%%%rs@@eeotfh@towex 10° N/m®.
inorganic filler contains ‘at | east two ki nds

Althblghga fehkliremsnhav peidi hEeiets FRALPALLE QJyea well-known
di anmet er and
technique and it is not especially limited, it can be measured by
using, for example, the boiling point meter of Swietoslawski.
Other solvents used in this invention can appropriately be
chosen fromwhat can dissolve the resin. As the solvent, for example,

methyl cellosolve, N,N-dimethylformamide, methyl ethyl ketone,

dioxane, acetone, cyclohexanone, cyclopentanone, isobutyl alcochol,

- isopropyl alcohol, tetrahydrofuran, toluene, chlorobenzene,

trichloroethylene, benzyl alcohol, methoxymethylbutanol, ethyl
lactate, propylene glycol, monomethyl ether and its acetate, etc.
and an organic solvent mixture containing one or more thereof are'

preferably used.

10
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5 the nean particle dianeter of the inorganic filler
of the greatest nean particle dianmeter is 5 pmor
snmaller. More preferably, it is 2 pmor smaller and
still nore preferably it is 1 pmor smaller. 1In
addition, 0.1 pmor larger is preferable and 0.2 pm or
larger, is nore preferable and 0.3 pmor larger is _
st A7 tRSr EhﬁP%f%fathee.ler%Fé? Ll lepapleireoprr8fagSpherical
t hi ckness of 10 pmor_thinner is produced using an
shapgphahhe Likeer amhith Hase t Aehgréapésehavsn parmeedke-like,
di aneter larger than 5 pm since the filler is apt to
tabuiragjeatsamleal ¥e mastedateke| tetics ,dhbhevelt & epbbtraical shape
stable dielectric characteristics. On the other hand,
or thkehikdd sreapepaniilygl prdbedilairet erBafalide theosgasktcal shape
filler which has the greatest nean particle dianeter
or the Pilpmhars shalleist thecfiiflicesutfatbeddd,| €F is hard to cause
di spersed |iquid cannot sedinment easily. Furthernore,
troud1RN e dBan.pek thigheqdiameher Qs ithe dAR¥N Gr lowering
filler which has the greatest nean particle dianeter
fluilditly B Phsmrlder, bhe fillern s hard 1.9 sedi e alone;
for "a long term storage, and storage conditions may
b estricted. . t he other hand, even it is
howeﬁ%%én gﬁ’?%‘“g%@mﬁ¥%§%nﬂﬁﬁi%ﬁ Wﬁ%ﬁéﬂﬁ%ﬁgW%ﬂ itive
dielectric constant, if the greatest nean particle |
di ARE?EPST $%AENMEV SthdR WS¢t pATF1ERE F ydfgRT expansion and
.Structure tends to be symmetrical because the specific
a higl Fetat hyediss egt nigaconsitesi i 4t by geefar@bd entghadd these
. dielectric constant phase is 14 hard to be obtained,
1norgad ithdt ldgase s o rdrer aleatiiny evidite lhaathy ifil 1 ldiovgs tfamtt f -
the dielectric conposition to decrease. If the
gr @agesti cneasipar geckeadilymetserd ias Gui2 iproeari dvargeémsulation
filler surface area beconmes small and it is hard to
mateaxdh@rieatde tobkeiclesparsedndapast®additoy] Fe@Sek¥mple, 30-50
change is small, and neither kneading, dispersing nor
ppm/e@aﬁhnﬁa@é06§$§|?819@ﬁi@§,'Qﬁaugﬁcﬁﬂm?aé'$f- reater in case
Furthernore, if the nean particle dianeter of the
j [ idle [ r an_p i cl .
of agrégéﬁvlfééld. Sﬁ%tﬂ@hgp Eg§3&hﬁﬁg‘ﬁﬁ§§§%Fg?hgs égﬁﬁéiéh with

i anptgr is O. mor "l arger, ecau
the g(&‘é%ff&f&{%]‘f’ ?EQSaglef:Ipearnesnfoen ro clatqﬂibreitnvgver%gttatﬂ? ngr}example,

17 ppm/°C of copper, it becomes possible to decrease their
coefficient of linear expansion by mixing an inorganic filler.
Furthermore, in the dielectric composition which consists of
the inorganic filler and the resin, the relative dielectric constant
of the dielectric composition follows to the calculation for
determination of the relative dielectric constant in composite,
so—calledthelogarithmicndxturelaw(1)(SERAMIKKUSUZAIRYOKAGAKU
NYUUMON (OUYOUHEN), Uchida Rokakuho Publishing Co., Ltd., which

is the Japanese translation of W.D. Kingery, “Introduction to

11
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10 particle dianmeter of the inorganic fillers which
has the greatest nean particle dianeter and the nean
particle diameter of the inorganic filler which has
the m ni num nean particle dianeter can be taken, the
filling factor is not influenced. Furthernore, in this
i nvention, as for the nean particle 15 dianmeter of
Ceramics et Efltien “whilehnhlsl evet mafiswdnfeantranslated by
particle dianmeter, 0.01-0.1 pmis preferable. It is
RKazygp Eoppérereabld tpohde- tAmthefcontntpofene limorganic filler
addition, since it is necessary to take the
whigh f hagsercehiqlt i dikdege riet wvemmstdret gieareateBparthe relative
particle dianmeter and the m ni nrum nean particle
dielbaneter cdrisdmor gani €h20 Hikheetwhichcbagobh€ion obtained
m ni mum nmean particle dianeter should be properly
incdasen from the above-nenti oned range dependi ng on the
greatest mean particle dianmeter. As for the nmean
particle diameter of the inorganic filler which has
the m ni mum nean particle dianeter, the larger the
di fference i =BT N el an particlg di ameter 25 of
t he inor gan]dijég%‘i |l etw\/\hi%tg]ﬁa’s the gr e@t est mean
particle 15 dianeter, the nore the filling factor can
be increased. For this reason, the nean particle
di aneter of the inorganic filler which has the
m &k nuglatamepdieileberdicanmenetans odnsboeoedtef rom t he
preferable range of the nmean particle dianmeter of the
I netgamed & ifvd | dieMbtelibascdfe grigat est ¢®a component of
particle diameter, preferably to be 0.1 pmor snaller
andompiog ipeef erably to be 0.06 pmor smaller. If the
mean particle diameter of the inorganic filler which
hayi:t e 1Rl FHAFRIhPYL ikl HARIRM L $0-UhddBiPe
or larger, re-cohesion after dispersing is hard to
OCGUr LS i L f ot s i .
%gl or@@f_j ttajﬁ“taﬂb 1&?% %%%gﬁk%%b%léf?%q&o%@% %g]liér with

good. Furthernore, ! cl e
o nabep BPLAETEELAL o B BaE b8 MULAVIERN, cuo or more
andEs T PR L the UL D, ach oLher 18 v
it :'Llsofoisleleadngpi x?itegsayfti%lgirsgferssj_%gle particle size, if the filler
is spherical shape or the like and when' it is filled in high density,
rhombus-like voids are generated between fillers, but other fillers
cannot enter into these voids. However, if the other filler is
smaller than the size of these voids, it can easily enter into these

clearances further and the filling factor can be increased easily.

In this invention, regarding the inorganic filler contained,

1t is preferable that the difference ratio between the mean particle

diameter of the inorganic filler which has the greatest mean

~ particle diameter and the mean particle diameter of the inorganic

12



10

15

20

- 25

15 Measurenent of the nean particle dianmeter contained
in the paste conposition and the dielectric
conmposition of this invention can be perfornmed by XVA
(X-ray Mcro Analyzer) neasurenent and transm ssion
el ectron mcroscope (TEM observation for the
ultrathin section which is obtained by cutting out a
£51 1G0T (ioh D6 T A HETHITRR0L AT oC Vi GRS o1 e 1arge
thin filmforned with the dielectric conposition.
as pgeRe PheaPrahbm s A tsr Btlathaltedbroarepagst onede particle
inorganic filler and the resin differs, the inorganic
dianfgtiereitcahtiet heniBElmmede wHSTi¢ e mhsme tiar tive 3STEMIes or more
observation image by the difference of the contrast.
and Edenheti tdtinegs ofr macd. 25 1 nheganf€etehterrdticaseshs0l, the
or nore kinds of inorganic fillers 16 are used can be
smalleffol eedcdynet eiffitcdilerana} ¥oikcs rbaged Wi dMdetween the large
measurenent, and crystal structure analysis by an

filiehser vehi ORe Arhst eGliaon beane dif f Facdian ra-UlléS ist f‘grge, the
distribution of the area of the obtained filler and

smaﬂﬂ“?ffﬁ%fb'ﬁ getﬁ%r ﬁgdcg¥.FEHQ§K9nf£gSH§SﬁaE%g%g Sbility

section of gani Cc ["'er "1's appr oxi

cir Iar pa ticle e. e _conputed fro

decreetet T PO R Akt eCHat FndS o CAEFS St %&S@aﬂnﬁ"efurther

perfornE with the TEM i mage of nagnificatlons of

L4866 Ofne$Sand 40000 times. The cal cul ated

distributions of the particle size in the TEM 10

i nlfengtS AT i et on o 13860 viveataheash TifengEMparticle

i mge of magnification of 40000 tines are expressed
diamgitelsy het hi stomfemasfle 0hatprharictahdodiute pliethe inorganic

hi stogram of 0.01 pmunit, respectively, and the
filleenwiah vheugrehtthe mtasspantiviehdf seguencya shoivhe total

the maximal value is considered to be the nean

- voluper tdfcleheli anetganitn £15 1kRi Sriteriid ONini1ROAL 8kB® particle

inorganic fillers of at |least two kinds of nean

diamkakl @}5 esaddlasr@lt@sr '@%a@%bt/l"(afta-kt\}%%r e §re tvyq qr 1gmt_ehe amount

maxi mal val ues, . there are 'two or nore max

in v¥§hﬂ@srhEL%P?Fp@ﬁé'§$§ll dfflg%sfé'ﬁ%gfé¥5§i%2§§ﬁg%gpre and

I norgani c er contal ne COHDOS
lessaﬁhgﬂ %B%lﬂgge Ege tgéafaéﬁégk gkzghe fillers. In case

of less than 5%, the effect of entering into voids to increase the
filling amount is hardly acqguired, and in case of more than 50%,
the volume occupied by the small filler becomes larger than the

voids made by the large filler and the effect of increasing the

filling amount by mutual invasion becomes small.

Besides these large and small fillers, a filler of other
particle size may be mixed and even in case of three or more kinds,
by choosing particle sizes and compounding ratio suitably, the

effect of increasing in the filling factor by mixing fillers is

13
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20 distribution, a scanning el ectron m croscope (SEM
may be used instead of TEMin the above-nenti oned
nmet hod. Furthernore, as other nethod, nean particle
di aneter can be neasured by, such as the dynamc
light scattering nmethod in which fluctuation of the
sca&%ered light by the Brownian notion of the 25
A% 49%r is measured and the el ectrophoresis |ight
scattering nmethod 17 in which the Doppler effect of S
t héSs &ttt gah@dqqogfﬁ@%rflcld@ryiq*ﬁgad Jut Wliectimopivriests it is
of the filler is nmeasured. As
prefisgrallE dhgitzéhgi snprpaniienfiddsur cngtdénecat ofedate two kinds
| aser diffraction and scattering type, there are, for
of iewageinec KEA192@s5hefriHORHBAfekEDt, m&ALPpAAODcDE diameter and
Shi madzu Corporation and M CROTRAC- UPA150 of NI KKI SO
the f@anAsatit et Betdinathar adt enkesinEsgDiid MANgay erf thé@freatest
it is preferable to use an inorganic filler with the
mean phathiveecdiehRetét Gis GONat 8Ptsf1 R0~ 3080Q¢ #Eek@?ably, it is
inorganic filler having the relative 10 dielectric
CoRs I 0] a; di t.ric
2 oy B S R PRI £ & mp e
.ant ,canpqt he Lned. On.th t her ,..an
T A OF T PR o HRES Bk etF e S rotsare Bt (T o i or larger
. const an reater 30000 is not , preferable since
15 nPpg pERERPABAF couhal wh it O3 167881t hE Tl L iV a prererable.
dielectric constant is |ikely to deteriorate. The
Herep of 13 v@Pafiidicgcpfi 2 uifdmats of 1Pha wer Ghhneeri }$ grroduced
. here neans the relative dielectric constant of the
using @rerldtbysragtisctiobtel nediely heat thg gamdteisti ngamhgarticle
inorganic filler as raw material powder. The relative
diamgitelrederigercthehaht uof thecsi hher £l psodictapts to project on
nmeasured 20 with the foll ow ng procedures. After

~a fiixi sgriftheei narigansc didderulid tb adHdider stesila ldik8ectric

pol yvinyl al cohol and an organic solvent or water to
charBE@@WGeta cRast eohi k@ LOPPRELT iIRihg,l twhenf idHeedndpnl M ticle
a pellet nolding device and is dried to obtain a

diam?%@ﬁﬁdfigﬁeSQEngan@ﬁfff%%%%zgﬁigﬁlhggléﬁg 89EEQESt mean

or exanple, at about 900-
particle diameter is 2 pm or smaller, the filler in the filler

- dispersed liquid cannot sediment easily. Furthermore, when the

mean particle diameter of the inorganic filler which has the
greatest mean particle diameter is 1 pm or smaller, the filler is
hard to sediment for a long term storage, and storage conditions
may not be restricted. On the other hand, even it is intended to
obtain a material with high relative dielectric constant, if the
greatest mean particle diameter is smaller than 0.1 pm, the crystal
structure tends to be symmetrical because the specific surface area

of that filler is large, and a high dielectric constant phase is

14
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25 the binder resin is deconposed and renoved and the

inorganic filler 18 is sintered, a sintered product

whi ch consists only of inorganic conponents can be

obtained. At this tine, it is necessary that the void

of the sintered product is small enough and the

orosity _calculated fromtheoretical density and an
harogcit%abﬁy eIdBedd FPHénshEy (GUsESIklr FeweEivan dielectric

upper and a |lower electrodes are fornmed on this
consgiggtterel phedudicpreteic amtpctid tisnattve ddicelegsteri ¢ If the

constant is calculated fromthe neasurenent result of
greac@sdcintangertdd. d td adierersi o). 2Asmay iLlaeggani £iller surface

filler, there are a bariumtitanate type, a 10 barium
areaZbecomalse shhllanaheé Lypes Rasdrodtdiseted tianate tge didpersed

calcium titanate type, a bisnuth titanate type, a

pastRBIALE] UMdddanat ech¥pPge 8sbaghdim negdym wn thiéAnatiRading,
type, a bariumtin titanate type, a bari um nmagnesi um

dlsp@r%qff‘atge hyPe.coxthald UB}: %Q%ihgméﬁpt %Ieatfnfllﬁﬁ’@nce& easily.

l'ead titanate type, zirconate type

Furtl%lle g.‘%r]}%t el%acﬁé E%g%t aE%ESlead t t%g)g 1c filler
e Type, n|c

gnesi um nioba A ob

. | ead tungstate t . c IC|un1 t,ungs at
wnicyBRs the Feaniiiabicnnm PARBLFACHYHE S5 4 Part i o 1axger,
dioxide ty etc. A bariumtitanate type is a
beca&éﬁb?féjﬁ%ﬁ%ffh€¥%ﬂF%§ ke dofifgreratsdint aubicctyegsethe mean
bariumtitanate as a base material in 20 which a part
partdrlendianehent of i s dsgatiad fidd egshehichehenttha grpatest
bariumtitanate crystal or other elenent intrudes in a
meancrpysttaiclest digharer Ehel stne paanbeasdiidlteo dbaheitdr of the
other inorganic fillers, abariumzirconate titanate
inorbypedc aisleonthidh tHdanaie ntiypaumanegal gati sl éafigieter can
type, a bisnuth titanate type, a magnesiumtitanate 25

be th¥ee, %h*éarfiillmlﬁ?ocf)é@t'é@ tiidt aRAt § niR@ndari umtin

titanate type, 9 a barium nmagnesi um ni obate type, a

ba?h%h@?ﬁiﬁ?é' unLt anpfal altrﬁférytpﬁr 3aé eadrt £hanghén particle
type, a lead zirconate type, a ea zirconate

diamte.lt%%n %pteyiﬂ'?or&:lrllle(?%lﬁ_ll%%w ic R&s e%q_%lrrrna nr?tg‘l’:ulil%article
ni obate type,

diameter, 0.01-0.1 um is preferable. It is more preferable to use

that of 0.04-0.06um. In addition, since it is necessary to take

the difference ratioc large between the greatest mean particle

diameter and the minimum mean particle diameter, the inorganic

filler which has the minimum mean particle diameter should be

properly chosen from the above-mentioned range depending on the

greatest mean particle diameter. As for the mean particle diameter

‘of the inorganic filler which has the minimum mean particle diameter,

the larger the difference ratio with the mean particle diameter

of the inorganic filler which has the greatest mean particle

15
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a |l ead nickel niobate type, a |lead tungstate type, a
calcium 5 tungstate types, a | ead nagnesi um tungstate
types and a titanium dioxide type, and they are al so
generic nanmes including the solid solution which are
used as base materials. It is especially preferable to
. use a filler which has_a perovskite type crystal

dianghgiet e gPrg Ebmpfiklpaolakiee qafpbe ioceepses). For this
structure. Although one kind of these can be used

reasonle fered @iy per tiiwd cod ipped eki adstbaniberginedd fihbler which
used, in view of dielectric characteristics, it is

has nore piefrumbheafiopatrhécliendigariterf iilsl eronshidsrdigs Atom the
| east two kinds of different nmean particle dianeter

prefardifl d heargan® Cheam eadare Qosi ¢l i dne dr paf tigdll Rorganic
when obtaining a dielectric conposition which has high

£i1Y&t aliive diael ealr heca0BstaNban! Pavi £M Of g PALENACE, WddFerabiy
commercial convenience, it is preferable to use the

to beoTPOURd, WRHGH 1H QhM_m&%‘@k%kgrglega{é WO §168NM Br smaller.
However, 1n order to inprove ielectric

racterjsti.cs and tur.e st.ability., ljttle .20
1t o dinfelcaéln ﬂdafs'[te Y C?hel f ea%fé?;ee%g)pfrjetglseorﬁé)gre%atr?/lcet - LGk getch has

added. As for oductj.on net hod of the ingrganic )

the frp i e ke BF 2C TR iR 2ruch 04 HE Yol PdIpRasee-conesion
reacti on nmethod, the hydrothermal _synthesis nethod, o

aftem disnsdsdma ilGalaRils masl, Shs dignarion tHebility
sol -gel process, and the oxal ate method. As the

of theoHattfohS 2Bkt hdddhameienoidahhe meah epayipi che htissmeter
the greatest nean particle 20 dianeter, it is

of tpeefmerraislne ct Hi Lser e dohad tilkasenivanticeam perhddleatiameter
the oxal ate nethod in view of high relative dielectric

is Oconsimaptr 1andeyasitiye st abbhtiyr yRUSHESI SBISEE tas theler with
production nethod of the inorganic filler which has

each! e hiiikURaFRBR PYddE e iR mtHMNee ifs 115118ASY to be
to make the particle size small, it is preferable to

Loos¥S@n@ny s0kakhe iy driqtlieryml  synthesis nmethod, the
supercritical hydrothermal synthesis nmethod or the

SOkl BhAGESSs £Ro1NE L0 P11 A NG INOLIAUG LIS in the
paste composition and the dielectric composition of this invention
can be performed by XMA (X-ray Micro Analyzer) measurement and
transmission electron microscope (TEM) observation for the
ultrathin section which is obtained by cutting out a cross section
in the direction of thickness of the thin film formed with the
dielectric composition. Since the transmissivity of an electron
ray to the inorganic filler and the resin differs, the inorganic
filler and the resin are discriminable in the TEM observation image

by the difference of the contrast. Identification of each

inorganic filler in case two or more kinds of inorganic fillers
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in the paste conposition and the dielectric
conposition of this 10 invention, it is preferable
that the ratio of the inorganic filler to the sum of
the total volunme of the inorganic filler and the total
vol une of the resin solid, Vf Is 50% or nore and 95%
or less. Myre preferably, is 70% or nore and 90%
are oHlS?%sganAtb%o@%FOﬁ%%% thr?énerra'tqlo dralyelisnbpgadi on XMA
filler, Vi, sufficiently high relative 15 dielectric
meaygRIIaitt, Al £raeial eEatatairenenet visher bl apxpamsivation of
are obtained. Furthernore, at 70% or nore of the ratio
elecutfrqrh®eairrndﬁg£mia©tfiiotll.erThN/s, tie &fftecibutsiarg dfthéhe area of
inorganic filler with at l|east two mean particle
the dbamghedsthetemesnd ey kablia, i andkdd @i nd® kAt iM8ge analysis,
dielectric constant is obtained. On the other hand, at

the 2030 cd s Of dhe inrgaie filler LOMBMoxMiatdd as it
voi d generation inside the conposition can be

is adepresssd A0 partelat ¥§zg'&ir?%ter ESmpGPRSt ALy mt%harea The

enough can be obtai ned, the npisture uptake resul ting
evalbd'acyg]gg'lplo;o’lﬁﬁ? :Eﬁae%@d_ebsﬁgg 8%‘9(%&@83:@?%%%?% %%%nQEM image
of Magrbdohst rfdégs ol é? A 044 T Shes ve

pro ert i PCT ( ressure cooker test% which is a
GurBE FREGUbEEsRE b1 W‘ﬂ%%‘?ns iof RRPPRBECHELAIS1a@in, the TEM
. the resin used in this invention can be chosen from :
imagsotht BRIPRELRBBLAB iof TP E heimpserfidng r eblheisTEY Agage of
t he thernopl astic resins, polyphenyl ene et her,
magrgdliystiarpy erfe 49000 démepokyet bepsakferdevith the histogram of
pol yetherimde, a liquid crystal polyner,
0.1 pol yatyrened, wpoh yetdienegrant lofooonesim, uei€, réededeively,
used. Furthernore, as the thernosetting resin, for

and exaMedit Resivasie B ahepasd esi mhﬁ:mh@é&ué&% shdlvs the
siloxane resin, a polyinmde, an acrylic resin, a

maxi®@¥andhe ukesk ncoﬁ‘s bgozogyel %Jtt%e L8 Bar€liCic 5f§ BBer. 1In
general |y used for an insulating F%yer of a printe

thlS}Mﬁflkfggt lgﬁar dcgﬁgagﬁs ufr?grgéﬂ?lé{' J‘?ﬂlogrss %CP a%slég!sge{wo kinds

resis

of mean particle diameter” means that there are two or more maximal
values, i.e., there are two or more maximal values in the particle
size distribution of the inorganic filler contained in the
composition. Here, as an evaluation method of particle size
distribution, a scanning electron microscope (SEM) may be used
instead of TEM in the above-mentioned method.

Furthermore, as other method, mean particle diameter can be
measured by, such as the dynamic light scattering method in which
fluctuation of the scattered light by the Brownian motion of the

filler is measured and the electrophoresis light scattering method
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it is preferable to use thernosetting resin and an
epoxy resin is 15 especially preferable from points,
such as heat-curing shrinkage characteristics and
viscosity. Here, the epoxy resin is a resin which
contains a prepolynmer having two or nore epoxy groups
. axirane rin in the nol ecular structure, As for the
10 Wil N e POP; eFSQEEQFErQEIEh?osﬁﬁgEeéeéolbg%ﬁé%@¢n carrying
skel eton or a dicycl opentadi ene skeleton in view of
out gj gleCtErPIOREFASt er P5t i ddie Fuftildefor eisit wrapured. As
contain a curing agent and, as the curing agent, a
pPartidifols ol st 1idsitiiorn bhephenohg Adepieeaovef akthe laser
resin, an amno triazine conpound, a naphtho
diffgmrgound,aret sGattar ey usgee, Rihdherams e, fot dsangdlsod, LA-920
possible to 25 add a curing accel erator, such as a
of nedmiBEhel are.conpewnd1ismch o22 grikbipheNYorporation and
phosphi ne, a benzi m dazol e type conpound, and tris
MICROZRMNatie donatkyr okl t . The paste conposition of
this invention is obtained by dispersing the
I NQLgaR ; r. Ict. ISy =
P Saea iy PHS raLhoH oF Hadh By The T aooRate, ffiipe " it is
' the resin. s ion.foll d by .m xin nd. . .
preflgir}%%elres?ﬁg@%ér gﬂlygbﬁgéggg% ¢ d%ﬁ/lﬂ\gﬁe T t\%(\’ﬁi g%f%?%%%rdé'se]é%tr 1c
i_sper si L oui d i ich the inor ic filler is
consiiebfeb Bt 0 Wiy o Bechhotsn ber B3ViRG HREelative
. the dispersion liquid with a resin_sol ution. . _
dieleGlad& nRStite 26 FEVRHdE O tRAR pEPsilfy wprdi nar gimlectric
filler into the resin or the solvent is not
compgspédion] Mith wutdd cifeort lax dnghe  radetthions disilegpt siychkronstant
as an ultrasonic distribution, a ball mll, a rol
canngit] be abtheéaenqi.x, On at o noigest Zeand anch aimedjamic filler with
di sperser, can be used, however, in view of
the dispetsvbildigledtirics poakenabl egteatise aral | 3obbb ofs not
a 15 honogeni zer. At dispersing the inorganic filler,
prefefa®l@elsih@el FPORmpArSReNY RiNaiabtcd S IAGE the relative
treatment of the inorganic filler, an addition of a '

diel1dbeRELS Ay s @t Addigt i PN of a Ur hackankhy 80 adodhfion. g 1 s ve

‘dielectric constant of the inorganic filler here means the relative

dielectric constant of the sintered product obtained by heating

and firing the inorganic filler as raw material powder. The

relative dielectric constant of the sintered product is measured

with the following procedures. After mixing the inorganic filler

with a binder resin like polyvinyl alcohol and an organic solvent
or water to produce a paste-like composition, it is filled up into
a pellet molding device and is dried to obtain a pellet-like solid.

By firing thepellet-like solid, for example, at about 900-1200 °C,

‘the binder resin is decomposed and removed and the inorganic filler
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of a solvent, etc. may be carried out. As surface
treatnment of the 20 inorganic filler, besides the
treatments by various coupling agents such as a
silane type, a titaniumtype and an al um num type, by
a fatty acid and by a phosphoric ester, etc. , there
, are also a rosin treatnment, acid treatnent, basic .
1s sipdgrrent 2 8LBLoEGft REPABFE, WAsCh aprrXhpt oty of inorganic
addition of a dispersant, there are dispersants which
comppneRdrecatine ghsagacsiuchAlistiphodgmeni et dicl decgssary that the
carboxylic acid, a fatty 23 acid and esters thereof,
voidamf edlpecsahtyredhprodmesund wnahl hasough phodphibe porosity
ester skeleton is preferably used. In addition, there
calcarletaddi frans takomrenierilc, deréioni andnhrank@Buglly measured
surface active agents, of wetting agents such as a

denspelyy€eaeoxyldc1aakd. maf ugpdrnBi@nl BbwdavwilRe taffddll L¥e formed
to both, of a resin having a substituent of high

on ML eihtadeangsoduid heeioLe, the palar Heiae'vgh%lielectric
system at or after dispersing can be controlled by
CODS%%%Itt E'Lgncgic@laf‘@é(ye]{}[c}m t%lér {'nggrsﬁ?reﬁen‘:hﬁeg@ﬂ: ®f capacitance
conmposition may contain a stabilizer, a dlspersaﬁgf a
and ﬁ%diggntatL%% inhibitor, a plasticizer, an 10
anti oxigant"etc., if needed. As for the content of
the inorganic fjller in the solid content contained
i nPP NN PR A Sty dhals SrendehRT oA fitarate type, a
preferably 85 w%or nore and 99 wt% or |ess, and nore
barignagigredaie Fitpgatg Lifos of Sttt g Fitappbe type, a calcium
preferably it is 94 ww%or nore. 15 If the content of
titanhéei hopgard Oibhulter titaBstat Oy, ronegnesiim t Eamyat® type,
make the relative dielectric constant of the '
a bacamposkbidgmiuhi ghtahatiehitydbenventiaeniumas ithe icem=anrt type, a
of the inorganic filler increases, it becones easy to

- bariobt@hfnas il eLdd € GOAROSIAt baRiWhi kiyndasud tHithlate type,

relative dielgctric constant, and if it becpnes 99 wt %
a le%?i Qi d8S5ce FE{R ] Oéml%%db%%a%%sytf%@,bgésﬁgﬁﬁ' "4 rconate

of the inorganic filler becones easy

: d. , [
cicoBERLTPLbE0 s Nk L0E 81 o ol B0e- 11 ASSBLce cype.

a le%qplrtlig}?él Ie1tlgbate type, a lead tungstate type, a calcium

tungstate type, a lead magnesium tungstate type, a titanium dioxide
type, etc. A barium titanate type is a generic name including the
solid solution which uses barium titanate as a base material in
which a part of the elements is substituted for other element in
a barium titanate crystal or other element intrudes in a crystal
structure. The same can be said to each of other inorganic fillers,
a barium zirconate titanate type, a strontium titanate type, a
calcium titanate type, a bismuth titanate type, a magnesiumtitanate

type, a barium neodymium titanate type, a barium tin titanate type,
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The dielectric conposition of this invention is the
25 dielectric conposition which contains the inorganic
. filler and the 24 resin, and the content of the
inorganic filler is 85 - 99w % of the total solid
content contained in the dielectric conposition, and
the porosity is bel ow 30 volune% As the nmethod of
a baphig Mg S BiePetert P eoRpeRT 1B Masgasijug tgntalate type,
invention, for exanple, there is a nethod of preparing
a leagk phsarateohpbsi t Pord9ad whixdrndiee | Avpganic Leidd erirconate
was mxed with the resin at first, coating the paste
titagemgosipeom tieagh nadhetentdypé pra dxamplhegnesdum niobate type,
substrate), renoving solvent and solidifying the
a leohpostkédnnivbatthertelye obsailravhe Wligdiecid i €ype, a calcium
conposition. At this tinme, as the 10 nethod of
tungs@hitdi tiypaki 0n, 1£BAr Raghessahi hhls0LtONEyHYs SMEM aSitanium
heat and |ight. However, since the dlelec¥r|c
diox&@@p9§FéLQQantﬁg*séré &R LhRAkS cNRY @ssfﬂéfﬁggn the solid
product, it is not necessary to conpletely decon%ose
solu%ﬁohegﬁg?h% %er%%%%?a%p%dgé %t%&%% %@ble to heat

insid e heat-resi stant tenpéerature of el ectronic
parts, . 15 for. exanple, .a tepperature of 500C or . .

P otbr Lo RS ) ot FRETET Rl Edt L8 corbbbl €1 ofibich has
neigs to be below 30 volunme% and is preferably bel ow
Peroy§ Ry GPuMERS e [ ef Trabt Y r HePbud 16008 GHe e TRTSK 1 te type

porosity is larger than 30 volume% the ratio of the

Crysitadr giini e ir¢ er Jelddpieth i aneheking epthethees Ikew be used

and a 20 dielectric conposition having a rel ative

indegeadeotdiycotohst apt rofre 50 rols geeaber migetHaaddtosed, in view

obtain. Furthernore, it is also not preferable
of dieclaserief ahdeateasesoficispsultationmoesl Paeralsle for the
i ncrease of | eakage current, a decrease of bending
inorgtheBgthl1ekC whitiehe hads aithe cilithedofkimRid RE PAARIMAt mean
bel ow 30 vol unme% for 25 exanple, although it can be
partathai nechhy: PF oRey | YeChansi g AN ¢ i@gig%wé?{§#6f§%. In

a resin, and a solvent fromthose above-nenti on

partggﬁtlglfh?ﬂ?éxll %b%téi%i%%dabdiéf@étifg c%%ﬁ:)toesiccol not‘c«’ri'ltiicg%as high

relative dielectric constant, in view of balance with commercial

- convenience, it is preferable to use the compound which mainly

consists of barium titanate. However, 1in order to improve
dielectric characteristics and temperature stability, a little
addition of a shifter, a depressor agent, etc. may be added.

As for production method of the inorganic filler, there are
methods such as the solid phase reaction method, the hydrothermal
synthesis method, the supercritical hydrothermal synthesis method,

the sol-gel process, and the oxalate method. As the production

-method of the inorganic filler which has the greatest mean particle
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at | east one kind of solvent having a boiling point of
160C or higher, and nake the content of the sol vent
25% or less of the total 5 paste conposition.
Furthernore, for exanple, in order to nmake the
porosity below 20 volune% the porosity can be nmade
. __below 20 volume% if_ the paste conposition contains
diamgteraadit oRePkFhET VPOtV eHte RA\A §§lacl RBpSRereaction method
structure. Anong the solvent which has a | actone
or thererd ke methad Bat vievaek dHall seflhéivgsdipteterapleonstant
Al t hough the neasuring nethod of the porosity of the
and diuelédtyr istabdApoyi-t i Bartharberehosentkaipabliyct femmethod of
according to its purpose, a gas absorption nethod, a
the mebhgdnat frel Ter whipgnabeat hemirainnos nkb@Nparticle diameter,
di sappearance nethod, a |low angle X-ray 15 scattering
sinceetihods @iy .td malkhi shenyentiOne Jyamdihadensity eferable
the high dielectric constant conposition, the porosity
to uk8 akielar phaegybyotinerd ol | QME {1 methdl, €4 supercritical
Measuring the weight of the dielectric conpositiaon
[ fs 0sj t4 on. -0 trate
yar S PSR R R SRR B R Ly
r enqvj t he. solvent to _thereby, solidif 2 . .
SuBBoEh A T R ShE HPosunttF ottt W Ehé her thcaptained
. ubstrate and the dielectric conmposition as W2, the ,
10 THENSREF P TR S i ieMe ARG EheoPIcsiaqtdn AL BPamid iie of this
. volune as V, the dielectric 25 conposition, D= _
invepipofg) 1V, 12 qeHenadi ity tAatapparatuko fodr the inorganic filler
t hernogravinetry analysis (TGA), the dielectric

to thermus ofi e wad- sHeupédmatot lider AnerganiOd i Irit endt the total

900 Cin the atnospheric-air circunstance, then the
volutmemnpéridiairesinmasoki@t af, 96080 % air 3O ANdEXS Y orr BEBYE More
the binder, and the ratios 5 of the inorganic filler
prefaidbie HesiB voBtel neshkd mrad diced @Gt Niess .COAROSHE I &N more of
were neasured. Putting the volune of the inorganic
the bhtherofWhe it 3ReGId iFG196aVI Y, PGreibEaMPIYMBI Y relative

the resin, W,
dielectric constant and a small coefficient of thermal expansion

are obtained. Furthermore, at 70% or more of the ratio of the

inorganic filler, Vf, the effect using the inorganic filler with

- at least two mean particle diameters becomes remarkable, and high

relative dielectric constant is obtained. On the other hand, at
95% or less of the inorganic filler content, Vf, a void generation

inside the composition can be depressed and a relative dielectric

-constant high enough can be obtained, the moisture uptake

resulting from an void is small, and physical properties cannot
be easily influenced by water or moisture. Furthermore, when the

inorganic filler content Vf is 90% or less, the degradation of the
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its specific gravity; pp, the porosity, P, then the
porosity, P, can be determ ned by the foll ow ng
formula. Porosity P (volume? 10 = {(V - We/pc -
Wp/ pp) /V} x 100. The paste conposition of this
invention is preferably coated on an adherend (for
exanpl e, a substrate) and subjected to renoval of .
adhesg ke MWL R i A FSE Fher dBYCESUESr fPakEeltestyic which is a
conposition. As a nethod of applying a paste
duradygipgdsi At e atienadirgttend.s ihaud fa grrulinted
especially and, for exanple, there are nethods such
as Nax$pi nerresirsusednistténs invanbiauearohe eth@aah drom both
die coater. Thus, the dielectric conposition can be
of téasinoplebitainethd riomdinesecoaigedrd4inms by renoval of
sol vent and heat curing, using a heating apparatus,

sugly astRehottHd @i st OVeRsidd, Thep,adhghenditacbe ether,
coated with the paste conposition can Ee chosen, for

polyHAR)1&nd éQM%Be?W&tE&P&?P&%! %toq,yeac@léhﬂg[{igﬁéli € liquid

type "substrate, and these substrates on whic

cey ST B G 0 S D000 LA, ot

can %gss base copper clad | am nates such as a 25 gl ass
ot -égoxy copper clad | am nate, conposite copper

cl ad %é | am nat es. such as a nopwoven gl ass- epoxy .
copPENErFETrarA hibE, Lo Selsi &Y 2R L PnrMDFFEBPILE, Pesides
substrates such as a polyetherimde resin substrate,

an eRpopy| YeehBr ke tIHE¢L19F Jubst patleoxane sepodhysalpoheinide, an
resin type substrate, flexible substrates such as a

acrydglyestssim,f id nefacappercsind subsnzacycdntudepsl yigride etc.
filmcopper clad substrate. Furthernore, as exanples

resiofs geaegaldily tippa Sobsdn dtresulidteirey lakercefagisrinted wiring
substrate such as an alum na substrate, an al um ni um

boardl thndBeSubsil at® andtwa oF klheBNagashl der sthstdal sesistance,
netal type substrate such as an al um num substrate or

it i@8NpkEeBrsHhel{ dlgse kAU ES 0 HLiGHahd TBheELBLS: resin is
there are conductors containing a netal such as

espé%féﬁﬁr Q%kgr%BlgoEES%’pb?ﬁﬁgatgﬁéhc§g”ﬁg IghfLﬁglsﬁgﬁnkage
an in rébnlc type oXxide; Tow fielrectric ma eriar’s
cont ai.ni.n

- chara@V? %8s and viscosity.

Here, the epoxy resin is a resin which contains a prepolymer
having two or more epoxy groups (oxirane ring) in the molecular
structure. As for the prepolymer, it 1s preferable to have a
biphenyl skeleton or a dicyclopentadiene skeleton in view of
dielectric characteristics. Furthermore, it may contain a curing
.agent and, as the curing agent, a phenol novolak resin, a bisphenol
A type novolak resin, an amino triazine compound, a naphthol
compound, etc., can be used. Furthermore, it is also possible to

add a curing accelerator, such as a metal chelate compound, such
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a glassy material and/or a resin, highly dielectric
materials containing a resin or inorganic filler and
insulators containing 15 a glassy nmaterial. The shape
of the dielectric conposition of this invention is
not especially limted and a filmtype, a rod type, a
ball. type, . etc., can be chosen depending on its .
as %Fdﬁﬁed‘cviﬁi GROTRRLNG 1% Rt idaze Lo rlefe? B8P W he and tris
filmtype. The filmhere includes a film a sheet, 20
(2, £ meatenedisnata), @kaltioo. OF course, it is also
possible to performpattern formation suitable for
i t §hgppta e | opmpgehtasna ofi ahhel énfvermetdronifopbtained by
el ectric connection, an adjustnent of inpedance,
dispegicid amee iop rigandrondli 1dtaredsitandhanregpar.t | Rgr heddmple, it
radi ati on function. 25 In the case of using the
is peicglueetr by enapasthb@BSARIifid Mhe 28otBantibi €kNESS into the
can be chosen within a range which fulfill a desired
resitakHeufi oA ANACI S PE By RYL i hY 4 : et-
thickness is 0.5 pn#br tﬁ?%ﬁgﬁigggggggghsb%P?ﬁﬁ%ﬁgr%et down
ref I it o] m.Qr icke : oy, .
met MY GHRE E:@Pa es Hﬁg%er?%ﬁ %%gb?é inatglqhgtq £ inorganic

t hi nner. S preferabte I m5 thickness
: t.hi n,.as._possj bl e faor .securing.a | arge capacitance .
FLLITE FRCRRBTorL But @ U MOt R O G 479 mixes
is likely to .generate a pinhqgle etc. and an electric
the (IS bELIMA KArR 21 GoBenoBeAdN Fulihhmgrere, the

if it is 2 pmor thicker, a dielectric |oss tangent

method pir dispetsdrdaddeafifeir Por q friddsur d dookdre ti&ain or the
10 which is a durability acceleration test.

solvemtt hamedr espahénl lyvhiokitesd, érceadan@le pmetistdsonbyng, such
great relative dielectric constant is needed in order

as at @ ldteadiomisufif stkéhtitdapac ball merf oemaste nillt, aldearmix,
i ncreasi ng packing density may beconme difficult.. 15

a hobybougbr | hehdpphégak idisgdrddie, pastSe GRHMOShbiv@Re®f in view
this invention and a dielectric conposition is not

of esfrcialdyidyted, i oprexarphe. besifes Lt gaSusgth: or a
as a high di€electric constant |ayer
homogenizer.

At dispersing the inorganic fillex, in order to improve
dispersibility, a surface treatment of the inorganic filler, an
addition of a dispersant, an addition of a surfactant, an addition
of a solvent, etc. may be carried out. As surface treatment of the
inorganic filler, besides the treatments by various coupling agents
such as a silane type, a titanium type and an aluminum type, by

a fatty acid and by a phosphoric ester, etc., there are also a rosin

treatment, acid treatment, basic treatment, etc. Furthermore, as

- . an example of addition of a dispersant, there are dispersants which

25

“have -a_cid groups such as phosphoric acid, a carboxylic acid, a fatty
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for an interlayer insulation material of a built-in
capacitor of a printed-circuit board, applications to
various electronic parts -20 and equi pmrents are al so
possi bl e such as for an interlayer insulation film of
a multilayer substrate, a frequency filter, an
nt enna for wi.rel es electronagnetlc shleldlng an
aCldg CQ Ao iftler i31d SRR 21 b6t rike GamRsding gihich has
of this |nvent|on is preferably 25 used as an
a PhogPRPTAG &S G915 SketPbR NS BredieTrérl vcapadi t drsaddhsiong there
nmet hod of formng the interlayer insulation materi al
are fasididaipais tof snonsphict heatiehéct rind eorposict issirfiase active
not especially limted. For exanple, as described
agendlsoverf af¢erifor agpgta bugh diel®#cpoilgcappbeyiat apid, of a
substrate, it can be suitably obtained by formng 5
mateariadl BatiodearAsnihe capseti Ance speesaneRafingh® substituent
interlayer insulation material for capacitors

of hP@ﬁ%&@ﬂl@%l@ﬂiﬂdﬂﬁ:@' eFQ%Eﬁme@Q@p@@hé'Maﬁtﬁ RieSt he system
i nventi on, is preferable that it is’in the range of

at o9 £ALEF dlté'tﬁé'}:s%u{q:/c%?iﬁb %ﬁt'ﬂﬁf%&atmﬁ% 3édﬁf1ttlo§1 LB N8 1vent.

range of greater than 10 e capaC|tance

|l er th FLc it as
Furt §E§§%||ngrhaggd$§é]éOTQ%Fhe%%%pW?HgCﬁF?ﬁlPhS SoREtLizer, a
dispdource of the ol e system becones insufficient and it
lSpggﬁﬁ Bt work  SHFICT ISP astRRHREBOPI i n§ cRIAStEGEZeT, an
i S preferable t hat the change of capacitance
antl&§ﬂ@ﬁ&|nge5ﬁ 15-ft &®5eest-ure and the change of
capacitance within the field are small for designing
gﬁrﬁﬁﬁ thejqontergr ef dlubieortianithl Idheange tdfe solid content
capaci tance depending on a tenperature is as snmall as
contpassidbl i ther m@ingl epmpvsisipnefef abhést dmeett R it is
property (at a tenperature of -55to 125C, the
prefdeubali 68 wfscapacitaner V0 hesl 88s168aD d8WnorL@rFerably
for the change of capacitance within a layer, it is

it ipredefebler v, idtils a¥rer phese 68V 2921 9f9d K s or more.
capacitance - 5% < capacitance average of the

If thaPachtaneect BHb LPokB8navera98 HaliUe g5 wts or more, it is

easy to make the relative dielectric constant of the composition

‘high. In this invention, as the content of the inorganic filler

increases, it becomes easy to obtain a dielectric composition which
has a high relative dielectric constant, and if it becomes 99 wt$
or less, film forming becomes easy and dispersing of the inorganic
filler becomes easy to be controlled. Here, the solid content means
the total content of the inorganic filler, the resin, the additive,
etc.

The dielectric composition of this invention is the

dielectric composition which contains the inorganic filler and the
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Furthernore, in order to reduce the power |oss of the
power source, it is preferable that the dielectric
| oss tangent of the 25 capacitor is in the range of
0.01-5% and, nore preferably, it is 30 in the range
of 0.01-1% Here, the electrical properties such as

the ca itance and the dielectric,|oss tangent are

TESNH L?é%CPﬁéhesLﬁoé‘otergft #f%d&féﬁﬂ%l%o@%kﬁﬁ%ﬁr@ - 9%wts of
diel ectric conposition of this invention can be 5 _

the hodedr spily duseatarsocastahngpht iBarhed 41 eke it & icamposition,
The optical wring is a wring in which signal

and {Ghen 1R 61 bet weath wilumsiych as, LSIs, nodul es,
and boards, is not perforned with the usua
el éct thealetdighalk ,oliainsngpéhkod ietewt t he angpisiddlon of this
signal. When formng an optical wiring on a nounting

invesuhigi, atf@ rokxiat® lieRt ehicee, 130aamsthuat @fgpiépd@i@@ the paste
high refractive index |layer is sandwiched wth |ow

compiefirtacin va whdex drayens rigantiaken: 1kl iSs "i’rli%cpg?f%%hbéﬁe resin

to substitute the lowrefractive index |ayer wwth a

at £f8PREE.coNeMPBhODasAS @81’[11_985EE?En}’{ﬂ;c{:’h?%fpretrgﬂcﬁg]fo;:anample,

order to nake thé scattering o or sign
t ].SSL PN ' tr s the inside.of the 15 L
to @ TR AR P et HoRRE 8 BPE S qudfyd Tomposition
fficiently L. jnorganic fill.er. conpared to the
to iRt bt EPRet s A iR trooq E ol oABEI LS G LN, as the
hcgpo%e &Z[tl e with a particle size of 1/4 or |ess
methof PheSRAVELEAGRRLIBR | FORES #hettelidibications by, such as,
possibl-e to control the refractive index, the
heatt apfekidhfr e dopevgancyivcet e 20 alefatadtd vemppdékiandof this
the coefficient of thermal expansion by selection of
invepfdonnokganipt fd | sentenedr palodudts cont ést ,n@ndnthessary to
selection of the resin material. Due to these facts,
compiletbégodesonpossi b erdnowd deley regliect ahbeisupstg @ rable to
material which fornms an optical wiring layer, it also

heatbBeoOr®s qPOShkh&at OrdiSEs Rkt Hip AR teRVeRtd AN f¥hic part s,
used inorganic materials such as silicon and 31

for ERBABNES, abYkn@lsatlReUse B0BuRSLLALG, MY ch consists
of the organic :

The porosity of the dielectric composition needs to be below

30 volume%, and is preferably belqw 20 volume%, more preferably
below 10 volume%. Whenporosity is larger than 30 volume$%, the ratio
of the inorganic filler occupied in the layer becomes low, and a
dielectric composition having a relative dielectric cbnstant of
50 or greater is hard to obtain. Furthermore, it is also not
preferable because of a decrease of insulation resistance, an
increase of leakage current, a decrease of bending strength, etc.

- Here, as the method of making porosity below 30 volume$%, for

example, although it can be attained by properly choosing an
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material. Hereafter, this invention is explained by
exanples, but this inventionis not limted thereto.
5 Exanple 1 A dispersion liquid A-1 was prepared by
m xi ng and di spersing under ice-cooling for 1 hour
usi ng a honogeni zer, bariumtitanate filler (BT-05 of
. SAKAI CHEM CAL | NDUSTRY CO., LTD., nmean particle 10
inongpet 6+ 119Y 5 AUk S 323 anst g Ise Lysntst Bem tropatah o adtdnel oned,
.18 weight parts. An epoxy resin solution B-1 was
1t qevepsr €asby ynpkiagnad bpokhatr eBenpqd EPPNEORRO it NPRItains
KAYAKU CO. , LTD.) 10 wei ght parts, a phenol novol ak
at Jregsitn QEDKAIRL off SOAIMNITRPONN 1K sANED iCHEM QALISt laic. )60°C or
10 weight parts, a curing-accelerator (triphenyl
highehgsphineslod tHEKKEh $on CHEMEGAL s b NRLST RY $COr, 1 4ID.0f Oh€ total
wei ght parts and y-butyrol actone 20 weight parts. A
pastR@Ade@iRayd.i on G 1 was prepared by mxing, using a
ball mll, the dispersion liquid A-1 and the epoxy
r e I-0N¢ B oi: Li l-nt -
B SR T 5IIe S TP HEE e Bke Sh PO LY betow
gat [ t an _al umi sub
20 vREnEan Qi Rhade sy 598 Sh e Bl S B L EhE paste
at .8QC for 15 .mnutes, it was cured at 175 Cfor 1
comsit SPo CPRERLEY SoRCAT ST B of Grientohadiat 2 Lactone
conposition of 10 pmthickness. Next, an al um num
Stfu&tg@ter-odeﬁwlﬂ% ahgi ARt ENof Whifth WS for kBgtoss tHimuicture,
hi gh dielectric constant conposition with vapor
Y-buggpesiactone igs5thadmphé direlfesrbile.characteristics at
1MHz was neasured using an 32 inpedance anal yzer
HPA28hAughd Bhsampas tholrder maRhe4s 181 ( bdteh apeosddlyd of the
by Hewl ett Packard) according to JIS K 6911 and the
dielresuitcs coapesshawn canThbl ehdsedhsutehial y vershh el fedédiding to
constant of the high dielectric constant conposition
its WBErBdse} hes diglsechbk6rbesont angembdp S Re8Hoandotharercury
capaci tance per area was 7.3 nF/cnR2. The porosity was

pene? 4@ WY, positron disappearance method, a low angle X-ray
scattering method, etc., in this invention, from the density of
the high dielectric constant composition, the porosity is
determined by the following (1) - (3).

(1) Measuring the weight of the dielectric composition
obtained by coating a paste composition on a substrate of a fixed
form of which weight is measured and by removing the solwvent to
thereby solidify.

(2) Supposing the weight of substrate as Wl, the weight of
substrate and the dielectric composition as W2, the density of the
dielectric composition as D, and the volume as V, the dielectric

composition, D = {W2-Wl1l}/V.
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Exanpl e 2 The paste conposition C1 was prepared in
the sane way as 10 Exanple 1. Next, 22.6 weight parts
of y-butyrol actone was added so that the content of
the solvent in the paste conposition mght becone
15wt % and a paste conposition C2 was prepared. Then,
accor di n% to the nethod of Exanple 1, a high .
di el BVt R 9 BRsTERE 2 BdfpoT e maes ayrdpdad aand yehe (TGR),
result of evaluation of its 15 dielectric
the HALRIGISIGVP IS SHowva s IRsilesl 2t The refkat pfel0°C/minute
diel ectric constant of the high dielectric constant
to 998npodint toa atmes i rideridi eliecumstahoss thaagenie tasperature
3.4% and the capacitance per area was 4.3 nF/cnR2. The
was feptsit PORES fdr \All wiels 20 ExanphestBe #iRastre and the ratios
conpositions C3 and G4 with different sol vent
of eNtBNrgWei€© P EPSF eshdyrhalrtdein addhffined in a dielectric
y-butyrol actone to the paste conposition CG1 so that
compde CH el r OF verdyddy siftdo i
ﬁm ght begf)gne@Z%éQaﬁléﬁg%m %u%%sﬁp%ﬁ%%ﬁ%uﬁﬁgﬁ? %‘gé Morganic

: ordj n 0 . hod. of, Exanple. 1, hjigh dielectric,
flllgegr?fs?%ﬁtgté?,S%%ﬁ%agg%tq ohs er %cprgBSr‘é%li%H% Cfﬁé_r eSGRLD, WP,
. of ev.%.uati on .of its d':hel ectri¢ characteristics is
155 SRS 54T BARe WY PRe hPGhPOgPELE¥Yr Fe EBRBt BRE porosity, P,

g)%naoii tions havi@g t he porosity below 20 vol unme% and .
can pre SFERIRIREd Py Bt (i IR fodr 1z oFogPedter Puagolumes)
5 obtai ned. Conparative exanple 1 y-butyrol actone was
= { Gddedia/®a e Winde oOhposilttlon C- 1, and a paste
conmposition D-1 whose content of the solvent in the
padthe rasteorpudsiohon ©40hie % wesnpi@paregreThenbly coated
according to the nethod of Exanple 1, a high

on adi efleerend Chms teanrtnpdenpassth otraes) prepaied ecard tberemoval

result of evaluation of its dielectric characteristics

of sodvenfions soliabte, dhdhesy the reent andiolethei sty sition.
contained in the paste conposition was 40w % of the

- As d HAnWIH Idpp1 Jiky ROTASILY composition to the adherend, it

is not limited especially and, for example, there are methods such

as a spinner, a screen-stencil, a blade coater and a die coater.
Thus, the dielectric composition can be easily obtained from the
coated film by removal of solvent and heat curing, using a heating
apparatus, such as a hot plate or an oven.

The adherend to be coated with the paste composition can be
chosen, for example, from an organic type substrate, an inorganic
type substrate, and these substrates on which a component material
for a circuit has been arranged. As examples of organic type
substrate, there are glass base copper clad laminates such as a

glass clothepoxy copper clad laminate, composite copper clad
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15 was 31 volune% and the relative dielectric constant
was 41. Exanple 5 Bariumtitanate (BT-05 of SAKAI
CHEM CAL | NDUSTRY CO., LTD., nean particle dianeter:
0.5 pm 323 weight parts, a dispersant 20 (BYK-WO03
of BYK-Chem e Japan KK) 0.2 weight parts and
"y-butyrol actone 18 wei ght parts were kneaded using a
lamisRfe fiiEeras aRENHOHEB pEFaT BRPPRYUFAPRER d@sl laminate, heat
obtai ned. The dispersion liquid A-2 and the epoxy
resigAnN §SrErcet aBticwereshrReasusShely a6 Bapplyetherimhde resin
- a paste conposition G5 was prepared. Then, according
subatgatito 25 pelhothefkExamp| eedina shibglirditel ecky isc polysulfone
constant conposition was 34 prepared and the result
resiof tgpal sabsonaod, ifile:dilelecubist rathar agtRrdst p68ly8ster film
shown in Table 1. The relative dielectric constant

coppias c18d, stibet@hekesidiL JASH rtidRgeNiespBeb% 148 ubstrate.
capaci tance per area was 11.3 nF/cnR2, and the porosity

vwag @ tHelre%, a§-@%&ﬁﬁd@sQ%WﬁPM%XﬁQﬁQ?Egg§e¥@§s@9§@g, there

to the paste conposition C5, and” the p
are %%E%ﬂﬁk;b%%s@th%aghgﬂ QSSQLng&mgﬁggﬁﬁés{EE{é?f Sgghminium
conposition of 15 wt% was prepar ed. eén, according to
. h 10 of aml.e .1, a high,dielectric, constan
it R e B e garked LA THEPH S8 oPEDSF FabAT e tvPe
f its dielectric cqaracteristics is shown in Table
substrafe U7 ye li SLEERAIE ORI ER T a8T 08D ffen substrate.
diielectric | oss tangent _was 3.1% the capacitance per
Examples Rdscravifpmahpriaha, t heeper as¢ t§oR@cCoN®|arEmsining a
+ 15 Exanple 7 Except that the sol vent was
metaN guchyRs2spyrves) i dohé, on pasper, conpobitdon @itajasing such
prepared in the sane way as that of the paste
as aqorpesigende Cype B degi lliowg dieildctefic materials containing
N- net hyl - 2-pyrrolidone is 20 202 C. Then, according to

-a gldmsyrehbodr 01 Exaapbe b Adigh Hight¢t Hielectric materials

containing a resin or inorganic filler and insulators containing
a glassy material.

The shape of the dielectric composition of this invention is
not especially limited and a film type, a rod type, a ball type,
etc. can be chosen depending on its application, but it is especially
preferable tobeafilmtype. The filmhere includes a film, a sheet,
a plate, a pellet, etc., too. Of course, it is also possible to
perform pattern formation suitable for its application such as a
via hole formation for electric connection, an adjustment of
impedance, capacitance or internal stress and an imparting heat
radiation function.

- In the case of using the dielectric composition as a film,
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constant conposition was prepared and the result of
evaluation of its dielectric characteristics is shown
in Table 1. The relative dielectric constant was 58,
the dielectric |loss tangent was 4.6% the capacitance
per area was 5.3 nF/cnR2, and the porosity was 26 25

Lume% 35 anpl e 8 Exgept, that the sol vent _was _
the ERiGHBRESGFTRAT® BrRcErate, P pASI TR Sipee: F13ALE1gn desired
was prepared in the sane way as that of the paste 5
valug RfoSPPrRGd tenge, TREthot| LRgPpefarablecthyt ciee gilyicohness is
di acetate is 190C. Then, according to the nethod of
0.5 prafpl Bhickarhagh 2@ il eot rihdiremrst aMbreoppesetabhywast is 2
prepared and the result of evaluation of its
pun ogi ghecker @archédfaah ers shiicsmers showns iprefalad 1k thihethe film
relative dielectric constant was 64, the dielectric
thidkessst asgest tHdn was pbB%b thesapasirangea pﬂr%(%gy@ﬁtance
5.7 nF/cn2, and the porosity was 21 vol uned. anpl e
as a9chyeeptothabut her sol ientenAas st Brlancar i bl . 18 Pastfely to
15 conposition C9 was prepared in the sanme way as
' t f c iti -2, T (A '
G B PR R o e, RO il es nara
t f, Ex hi dielectric onst ant . .
co bR s BB BetngPen Shd he 7 ebfs tHRCEoEr adistectric
ielectJic Characteri%tics is shown in Table

lossoga itg d ] J { k test
2-2RHRFet At 20 dPErECSS eTEEnsPaht (RERSBEEe qReker test)
hi gielectriﬁ | oss_tangent was 2.2% the capacitance per
whlchr ebS wds AUEaRErthe, 255 e Psioste§twas Borthetnpese when
~ Conparative exanple 2 25 Except that the sol vent was

thickpegholaarecds p?fr:(rgtlélﬂcoﬁpﬁsiotﬁlom a 36reRP wadapigpaddelectric
in the sane way as that of the paste conmposition C 2.

consThatbol $i mpepwdit iof awdqeholdioneobsal8Gufihement capacitor
accordi ng

performance, but also increasing packing density may become

difficult.

Although the application of the paste composition of this
invention and a dielectric composition is not especially limited,
for example, besides it is used as a high dielectric constant layer
for an interlayer insulation material of a built-in capacitor of
a printed-circuit board, applications to various electronic parts
and equipments are also possible such as for an interlayer
insulation film of a multilayer substrate, a frequency filter, an -
antenna for wireless, electromagnetic shielding, an optical wiring
material.

The dielectric composition of this invention is preferably

usgd as an interlayer insulation material for capacitors. The
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to the method of Exanple 1, a high dielectric constant
conposition was prepared and the result of eval uation
of its dielectric 5 characteristics is shown in Table
4. The relative dielectric constant was 35, the
‘dielectric loss tangent was 5.8% and the capacitance
e rea was 2. 6 nF/cn2, and was inferior in .
met*@%é‘a? AOCAL D BB MBE T T hoRs sl eyl gadnae Ria Lkevcappcitors
. Conparative exanple 3 Except that the solvent was
using: &b relgeiadc crpresithyhnetfenohicesneeiailpasimwited. For
conposition D-3 was prepared in the sanme way as that
exangfle,hea padescedvpdsiabare C- 2ftFhe fooiiingg pohngh afielectric
propyl ene gl ycol nononethyl acetate is 146C. Then,
mateadedr @inng Eutise date netthaethrofbdoani 1l dbtdigled by forming
dielectric constant conposition was prepared and the
an dlesitirdodef, eval uation of its dielectric
characteristics is shown in Table 4. The rel ative
di gkeehll CafRNAt e Wasr 48red NE£diBLEGLIHG 114 insulation
tangent was 4.7% and the capacitance per areéa was
<Z4Nn ' ' [ 20. ' I
mat e Ty PR LT RS et g s AT {Fomposi tion
ari.:um.titanate (BT-05_of KA M. CAL DUSTRY »
of t ﬁ%}fﬁ"e?%%ﬁnpaﬁ e :thégégfpﬁf %E”ﬁeﬁ@ﬂe SPgreater
parts,and y-butyrol actone 25 71 weight parts were
thankﬁéa@/e%“ usi Hg*§ %%ﬁ%%@%?lzbér 1tdd i ditgpérgigsnofagreater than
| i quid A-3 was obtained. Dispersion liquid A-3 and the
10 ng4eRy- r d<fi iEhesgtaRd o anae viet esia Kerlt Ushaly & mBf¢m®, when it
_ mll, and the paste conposition C- 10 was prepared.
is uFRdnasagcde gl ingtbepaet bod, ofhEdapleplling wiilghthe power
di el ectric constant conposition was prepared and the
sourcesaf ttie ehodwabyatenrbefonds idial f&Gidiant and it cannot work
characteristics is shown in Table 2. The relative
suffdicekaelfi ascangkanpas g’ Sapklie tdirel ectric | oss
tangent was 3.4% the capacitance per area was 5.8

ﬁig% PR i®1PORas! te Rk Vel U8EYE: 10nEX A& ding on
temperature and the change of capacitance within the field are small
for designing a circuit. It is preferable that the change of
capacitance depending on a temperature is as small as possible,
for example, it is preferable to meet X7R property (at a temperature
of =55 to 125°C, the deviation of capacitance to be less than ilé%) .
As for the change of capacitance within a layer, it is preferable
that it is 5% or less (average of the capacitance - 5% < capacitance
< average of the capacitance + 5%) to the average value.
Furthermore, in order to reduce the power loss of the power
source, it is preferable that the dielectric loss tangent of the

capacitor is in the range of 0.01-5% and, more preferably, it is

30



10

15

20

25

Bariumtitanate (BT-05 of SAKAI CHEM CAL | NDUSTRY CO.,
LTD., nean particle dianeter: 0.5pm 185 weight parts
and y-butyrol actone 16 weight parts were kneaded

usi ng a honogeni zer, and a dispersion liquid A-4 was
obtai ned. Dispersion liquid A-4 and the epoxy resin 15
solution B-1 were mxed using a ball mll, and a paste

in thenpssrei 8 CcPi1l%ms Hipa etiesirrigedopdrgrtdeshauch as
nmet hod of Exanple 1, a high d| el ectric constant

the gappestancr awps tbﬁe@@b@dandctﬂws eésnbentofrevalluasimeasured
of its dielectric characteristics is shown in Table

at @ .frempiaretwatove@hel@ttri c constant was 76, the
dielectric I oss 20 tangent was 3.2% the capacitance
perrhar eaiwas .4 WFefPosardohhecfpoEpskt Yiwasnbion can be
volume% Exanple 12 A paste conposition C 12 was

fRIRPANL G IH NS S AL AW RS ca25 w8 ¥aNB! Ria? %&gﬁpt T&%é
B ari unft itanate (SBO5 of Toho Tit anlﬁgm o, %tlcal

wirifRAA Par tiiche lﬁnﬁ%EFP 1éq%T)t§§nEH§aQEQH gé?%ggﬁrégch of,
const ant |nor ani c er accor 2
h di,el ectric ons .
suChnE%bgﬁsj??l on vvas v eé%fiedyéa%@ds tlﬁenf’ésfﬂlﬂ DFE éﬂl&&FBﬁ usual
its di.el ect ccharact ristics, |s shown 5 in Table
elec i BABRAIy ebiFof ST LoHET (G o OPGiCPRasignal. Finen
di el ectric Ioss tangent was 2. 9% the capacitance
formdag afle%Pwa%aJa wi MG P, 2 dIRMNE el gorsdinarewgs iys interior,
vol une% Exanple 13 10 A paste conposition C 13 was
a stypepared innwhhehsankighyrafraekanel endeexbaper uss rapndwiched
strontiumtitanate (ST-03 of SAKAI CHEM CAL | NDUSTRY
withChoy tdDrachewa patdsd dlagedisatiet eaken. 3 Prmisaalsbephsghble to
di el ectric constant inorganic filler. Then, according
substtd tihe théﬂhﬁdr@ErE&aﬁwbelﬁdeﬁ]Rﬁ&hrQh@h&Q%@b@e When using
constant conposition was 15 prepared and the result of

as aBVEpHALLON OF ih skt BLL ) 116 SRRAAGLERERE] €§e'§c§é“@<¥¥f‘mg of
in Table 2. The relative dielectric constant was 5,

1ightheod &lieelan! ¢ J085: N0, WAS ch 4%add'® the inside of the

optical wiring, small, it is important to use a sufficiently small

inorganic filler compared to the wavelength of the light, and it
is preferable to choose particle with a particle size of 1/4 or
less of the wavelength of light. Furthermore, it is possible to
control the refractive index, the temperature dependency of the
refractive index and the coefficient of thermal expansion by
selection of the inorganic filler material, its content, and the
selection of the resin material. Due to these facts, it becomes
possible to widely select the substrate material which forms an
optical wiring layer, it alsoc becomes possible to use not only

conventionally used inorganic materials such as silicon and

31



10

I3

20

25

capaci tance per area was 3.8 nF/cnR, and the porosity
was 14 volune% 20 Exanpl es 14-16 Paste conposition
C-14-16 was prepared in the same way as exanple 2
except using the resin and the curing agent which are
shown in Table 2. Then, high dielectric constant
conposi tions were prepared and the result of
ceraiig Sratiidna bFC theFedt dvk@tiat @ 5hékhr aerei st iafsthg organic
shown in Table 2. The high dielectric constant 39
mateggiplosi ti ons having relative dielectric constant of 50
or greater were obtained. Exanples 17-18 5 Paste
composiafitens €hig-iBvever ropriepaxedatsendgyy axkand es, but this
resin, a polyimde resin ("Sem cofine" SP 341 of
invekariaph |iglusd | Bisyi denC. hheddttb o pol yet her sul fone (5003P
of Sumtono Chemcal Co., Ltd.). Then, high
di el ectric constant conpositions shown in Table 3 were
prepared and their dielectric characteristics were
al uated. The 10 result is shown in Table 3. High
Ielectric constant conpositions having a relative

d| t. ter .Qbt
B 5?515%5 sfaiy %ﬂélpoiés?on e Re R it Ahad ypersing
d a ar|u¥1 tanate filler (BT-05,0f SAKAI
un %Eﬂeo&l? IROGSTRY €GOV B hEahompgFPicrE, dPARb IR Litanate
. . q) 323 melgg (farts and bu%yrolactone 36 )
flllﬁ g Par £ B DRY Kour LE8i ngngan particle
honogeni zer. epoxy re3|n ( EPPN502H of NI PPON
diameayarku 0IGA. ym LBB3)w£298tmeaghB part 37b20yec phenohe 18 weight
novol ak resin (TD 2131 of DAI NI PPON | NK AND CHEM CALS,
partsc. Rn7eBoxpimpairparisrianckrl ngpsapeeperatidry mixing an epoxy
(tri phenyl phosphine of HOKKO CHEM CAL | NDUSTRY CO. ,
resinlDzprRS5A21Wei Ol PPN KR YAl Cy - painyr.ql agtengh24eBrts, a phenol
wei ght parts were m xed, and an epoxy resin solution

novdlak Wasiebt@oned31The Bh3REBSHAR rngUAGDACRERRERLEE Inc.) 10
epoxy 25 resin solution B-2 were m xed using a bal I

weidht bar@d 8 PAStfg-accelerator (triphenyl phosphine of HOKKO

Exa

CHEMICAL INDUSTRY CO., LTD.) 0.6 weight parts and y-butyrolactone
20 weight parts. A paste composition C-1 was prepared by mixing,
using a ball mill, the dispersion liquid A-1 and the epoxy resin
solution B-1. The boiling point of y-butyrolactone is 204 °C. This
paste composition C-1 was coated by a die coater on an aluminum
substrate with a thickness of 300 uym and after drying in an oven
at 80°C for 15 minutes, it was cured at 175 °C for 1 hour, to thereby
obtain a high dielectric constant composition of 10 um thickness.

Next, an aluminum electrode with a diameter of 11mm was formed
on this high dielectric constant composition with vapor deposition,

and the dielectric characteristics at 1MHz was measured using an
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40 conposition C 19 was prepared. Then, according to
the nmethod of Exanple 1, a high dielectric constant
conposition was prepared and the result of eval uation
of its dielectric characteristics is showmn in Table
3. The relative dielectric constant was 73, the
_ dielectric 5 loss tangent was 3.4% the capacitance
impegEncer aaahagey. BP AR eAmandid safipd epbpddrryHbed 3PB (both are
vol ume% Exanple 20 The bariumtitanate (BT-05 of
soldSAKAHe@HENE CRECKNDISTRYCCOIing100oLITH K 4Rdn uat tihed eesults
dianmeter: 0. 5 pn) 323 weight parts, a dispersant
are EBYKn\VIB0TGbak BYK-TChemea atdpandkE] eatedpalommranai bl @lle high
acid group which has phosphoric-ester skeleton) 0.2
dielwRitghlc PahsBadnEonypolRUttiel Agt @7e B8hec WRIcgRIctRAld So¥ettingent
kneaded using a honogeni zer, and a dispersion liquid
is 2As8 ¥R§ it aid 1t@r§ﬁeg>%'roﬁréhq‘k'é§ AP kY apd tfl’?e pOI’:OSlty
epoxy resin solution were m xed using a bal
n spast e conposition C 20 was prepared. Then
was ?b%é} %b to the nethod of Exanple 1, a high
dielectrlc constant conposition was prepared and the
result of evaluation of its dielectric
cteristics is shown in Table 3. The relative
Exam@'?l ctric 20 constant was 95, the dielectric |oss
tangent was 3.1% the capacitance per area was 8. 4
nFEERRP2ERE FRBPPELESPRY Cids Wasy Birgpa%ed Exafpice SAMEAYaY as
epoxy resin (NC3000 of NI PPON KAYAKU CO., LTD.) 15.3
Exampdieght. @8xparls, 6 awgphendl paocvs| ek }r—ésj’qyr(dl}ékm@lﬂmﬁy'as added
TPM of NI PPON' KAYAKU CO., 41 LTD. (new nane:
so thEKAYAHAREEn &G 105)hebsdlwenghinpané spasite composition might
curing-accel erator (triphenyl phosphi ne of HOKKO
becofBENISGALS , | NRIESTRY a2 , cbiiPo}ifidnWekghtvapardrepaitééd. Then,
y-butyrol actone 24.7 weight parts were mxed, and an

accofReRY %%Stﬂesﬂéﬂﬁbgno£5@x@@%l@biahﬂQg_IFQﬁfﬁectrlc constant
di spérsion liquid A2 and e epoxy resin solution B-3

comp%?zﬁlghxﬁgsl%?ég E?ﬁ 5&“ﬂﬂe Qquﬁtp%¥ eéé&ﬂg%ﬂéﬁoer its

was prep

dielectric characteristics is shown in Table 1. The relative

dielectric constant of the high dielectric constant composition

was 73, the dielectric loss tangent was 3.4% and the capacitance

per area was 4.3 nF/cm®. The porosity was 12 volume%.

Examples 3-4

Paste compositions C-3 and C-4 with different solvent content

‘were prepared by further adding y-butyrolactone to the paste

composition C-1 so that the content of the solvent in the paste
compositions might become 20 and 25wt%, respectively. Then,

according to the method of Example 1, high dielectric constant
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according to the nethod of Exanple 1, a high

dielectric constant conposition was prepared and the

result of evaluation of its dielectric

characteristics is shown in Table 3. The relative 10

dielectric constant was 76, the dielectric |oss

ent was 2.8% the capacitance per area was 5.6

COTﬂPﬁ’FS AN SaE Reh@ griroesd yandstha roshlhedf Evadplegipp of its

15 Bariumtitanate (BT-05 of SAKAI CHEM CAL | NDUSTRY
diel@OtrikTDcharaeaarpaktiicel eidi aatetver : 10, 5Tapn)e62l3 The high

wei ght parts, bariumtitanate (HPB-1000 of TPL Inc.,
dielmeanr iparddrcdteardi anshposi0ioA59 hpringdl. thavepghbsipar bglow 20

y-butyrol actone 15 wei ght parts and a di spersant
voluf@¥Ka¥l0dRe ©f) BYicLher B Jdaped ddhstartopel YJUebr Witdater was

an acid group having a 20 phosphoricester skel-eton)
obta@n@d4nei ght parts were kneaded using a honogeni zer,

and a dispersion liquid A-7 was obtained. An epoxy

resin (EPPN5O2H of NI PPON KAYAKU CO., LTD.) 2.2 weight

parts, a phenol novolak resin (TD 2131 of DAI NI PPON

I.NK,AND CHEM CAL Inc.) 1.4 weight parts, a
Comp@ﬁﬁtlveaccgp 9g\tgr (triphenyl phosphine sold 25 by

HOKKO CHEM CAL | NDUSTRY, CO,, LTD.) 0.04 weig arts
anﬂ‘bﬂéyyob®?9?%?d%%%nﬂg@ﬁQ1thtﬁﬁtpﬁ%F?scﬂﬁ?%shgk%ﬂ C-1, and
and an epoxy resin solution B-4 was obtained. The

a PaéF@p@@@P‘éﬁlgi‘a@i@'%ﬁﬂl% e esfory thespalednttinn-he paste
B-4 were mxed using a ball mll, and a paste

compesiptasint s CW22 was prepared. THem, accordiimg to the method
net hod of 5 Exanple 1, a high dielectric constant

of Egempbsilj an hias phiepearediandonthent esathpooi t yvalwad iorepared
of its dielectric characteristics is showmn in Table

- and BheThestiet ajf w&radieitedd o ceBstisdled@sidZhatdiCeristics is

dielectric | oss tangent was 3.1, the capacitance was

show%olg T’h"_ﬂfé"% afifeh Neh P UL Wastre \LI1WERX cL0tained in the
anpl e 23 An epoxy resin (NC 3000 of N PPON KAYAKU
pastgobompBEcho% %a@eﬁ%@Eo of the total quantity, the porosity

was 31 volume? and the relative dielectric constant was 41.

Example 5

Barium titanate (BT-05 of SAKAI CHEMICAL INDUSTRY CO., LTD.,
mean particle diameter: 0.5 um}) 323 weight parts, a dispersant
(BYK-W903 of BYK-Chemie Japan KK) 0.2 weight parts and -
vy-butyrolactone 18 weight parts were kneaded using a homogenizer,
and a dispersion liquid A-2 was obtained. The dispersion liquid
A-2 and the epoxy resin solution B-1 were mixed using a ball mill,
and a paste composition C-5 was prepared. Then, according to the

method of Example 1, a high dielectric constant composition was
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parts, a phenol novol ak resin ("KAYAHARD' TPM of
NI PPON KAYAKU CO. , LTD. (new nane: "KAYAHARD'
KTG 105)) 0.9 weight parts, a 15 curing-accel erator
(tri phenyl phosphi ne of HOKKO CHEM CAL | NDUSTRY CO. ,
LTD.) 0.04 weight parts and y-butyrolactone 7.1 wei ght
parts were m xed and an epoxy resin solution B-5 was
prepgFesi nédd Thée dirgserldi ol | quiad-uyAtAaand athe igsoxyielectric
resin solution B-5 were mxed wusing a ball mlIl, and
characpastietdenpost t shawe- 28 Wadlsr epar ethe Thedat2@e dielectric
- according to the nmethod of Exanple 1, a high
consdiaeltectas c 10@nstiht ddéefdpasirtiiconiows panepaned wxd Bhés, the
result of evaluation of its dielectric
capachabackesd shires wSs INQWM i Nergbh8dGhelPerbeh al/ivess 6 volumes.
di el ectric constant was 121, the dielectric |oss
tangent was 2.6% the capacitance per area was 10.7
nF/ cn2 and the porosity was 4 25 volune% 43 Exanpl e
4 Except that the solvent was ethyl ene glyco
I acetate, a paste conposition C 24 was prepared in

t he .sane s _exanpl e 23, . Th 5 bojlin oi nt. of
ot TP G A e Rl 501808 PARER, Cqugr HrHER (G55 and
t he net hod of, Exanp] ,_a high diel ectric constant

the 88&583F99888%5§OBF§5§ré&v Bhe SRt CSMTER) it it Paste
of its dielectric characteristics is shown in Table

compgsithenr ef i3 v&® WREl REEPRECEonsthEit: w&s oY ingheo the method
dielectric | oss tangent was 3.1% 10 the capacitance

of Epemnpieech wadi@Mdiplent randcohet ot osdmyonksi@n was prepared
vol une% Exanple 25 Except that the solvent was

and thethyduliplahatveluatd qrastfeit 4 5d oot ¢ ahdeRSangisstics is
prepared in the sane way as exanple 23. The boiling

showpoiifnt Tabldi at.hyrheakenatevies d189ectThen coagtendi RGst @5, the
the method of Exanple 1, a high dielectric constant

diel€@ER9SI 1688 Masge! SR’ §d18Nd:hd SR BUAIL per area was 8.4
characteristics were evaluated. Thé relative

nr/ P 8 64 TG COISL BNy W358 vhhgndi el ectric | oss
t angent

Exa

Example 7

Except that the solvent was N-methyl-2-pyrrolidone, a paste
composition C-7 was prepared in the same way as that of the paste
composition C-2. The boiling point of N-methyl-2-pyrrolidone is
202°C. Then, according to the method of Example 1, a high dielectric
constant composition was prepared and the result of evaluation of
its dielectric characteristics is shown in Table 1. The relative
dielectric constant wés 58, the dielectric loss tangent was 4.6%,

the capacitance per area was 5.3 nF/cm?, and the porosity was 26

volumes.
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20 was 2. 7% the capacitance per area was 7.5 nF/cn®
and the porosity was 9 volune% Exanple 26 Except
that the solvent was ethyl carbitol, a paste 25
conposition C-26 was prepared in the same way as
exanpl e 23. The 44 boiling point of ethyl carbitol is
202C. Then, according to the nethod of Exanple 1, a
hi gh dielectric constant conposition was prepared and
dielectric characteristics were eval uated. The
Exampdleatsi ve diel ectric constant was 99, the dielectric
| oss tangent 5 was 2. 9% the capacitance per area was
8. 8xpkEbenthaartet el potiOSiakye t MWpbe e G0OerR U 1 L@l €, a paste
27 Except that the solvent was 4-nethyl cycl ohexanone,

compdsRaste cl@ @a@pggé%@@dqgkﬂ@%zﬁﬁ@wﬁ% BhhRecsa®e paste
. e

way as exanple 2 ~ boiling point of
comp%-«sr{ﬁctifaﬂ @LCzI.oh@ﬁ@nffa%iﬁ?éﬁg&tTafnetwf@ﬁ@ JBycdP Hfcetate

[
net hod of Exanple 1, di el ectric consta

- Si t4 ed and t esult_-o atio .
is RS i TeBEEREb tea i IR e e B hion
. 6. The relative dielectric 15 constant s 79, .the
A e LGRS (SR T (ST v 2749, DERBSTEapaltt ate Fault of
area was 7. 0 nF/cn2 and the porosjty was 12 vol une%
evalpaldine 0281 ER cdbtl e hbt 1 ¢ HE EG Vet $iasCs dopRbryReinglable 1.
paste conposition 20 C28 was prepared in the same
The ylattvedirplestzd c qersbort Wag %fbj ihe dfeiedphior dpesitangent
215C. Then, according to the nethod of Exanple 1, a
was fi §h, dilet ectpaad teonst ast zoeposis Boll mWELCPTepadethambrosity
the result of evaluation of its dielectric
was ChawadterEsstics is shown in Table 6. The relative
di el ectric constant was 7-6, the dielectric 25 | oss
tangent was 2.2% the capacitance per area was 6.7
nF/ cn2 and 45 the porosity was 11 vol ume%

Example 9

Except that the solvent was ethyl carbitol, a paste
composition C-9 was prepared in the same way as that of the paste
composition C-2. The boiling point of ethyl carbitol is 202°C.
Then, according to the method of Example 1, a high dielectric
constant composition was prepared and the result of evaluation of
its dielectric characteristics is shown in Table 2. The relative
dielectric constant was 50, the dielectric loss tangent was 2.2%,
the capacitance per area was 4.4 nF/cm®, and the porosity was 30

volume%.

Comparative example 2

Except that the solvent was morpholine, a paste composition
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Exanpl e 29 Except that the sol vent was
di et hyl formam de, the paste 5 conposition C 29 was
prepared in the sane way as exanple 23. The boiling
poi nt of diethylformamide is 177C. Then, according to
the nethod of Exanple 1, a high dielectric constant
conposition was prepared and the result of eval uation

D-2 phsi pyeghekdcinithe clrmactast iast itbeti efshbewpa st Tabinposition
6. The relative dielectric 10 constant was 70, the

C-2.di fhecbpiitihgspoiangeht meaphdl 3%e thel28dpaciTtemce guerording
area was 6.2 nF/cn2, and the porosity was 15 vol une%

to thxanptrod®bEreapbliehal 4 heggobventcwasc constant composition
di met hyl acet am de, the paste 15 conposition C 30 was

- was PpLESALEd] RinkherISa MR WaY taSo X3RRI eaZ3onThes Bekl idikiectric

poi nt of dinmethylacetamde is 165C. Then, according to

charll& JBINALOf; Exapplf 1n %41%19!‘ gi el @ﬁé”r%_l%%ﬁ%‘earliielectric

conposition was prepared and 1ts dielectric
racteristic e The r t o
con%ﬁ%&%ﬂ:%%cé%ﬁnéﬁ%ﬁ?fsgéggg?étggsaigsgggbgchﬁgsé' 5, and the

copdIS8Te B2 BuA 8 ! B RO LR0SE P ALSRNEE s

exanple 1, Dispersion liquid X-1 A bariumtitanate

PropEqhver FB?-BBrGFlEKKKPSCglEWQAEmﬁNDUSTRY 25 -Co.,
Ltd.,-nean particle diameter: 0.5 pn) 5328 wei ght
parts, a 46 bariumtitanate filler (HPB-1000 of TPL,
Inc., nmean particle dianeter: 0.059 um 1872 wei ght

Compparetts, vey dxatmrled act one 928 weight parts and a
di spersant (BYK-W010 of BYK-Chem e Japan KK: a

copalcyper havtiatg arcraei d godupnwi t hwasphosplagrilenest erglycol
skel eton) 5 72 weight parts were m xed and di spersed

mondtiRAery, 1itereGoaldea thor alpabedr cUahPYidiBANDYSNIZEpr&fdired in
a dispersion liquid X-1 was obtalned. Synthetic

e SRS G S U & U 08581 n ot
of pgégyg?ﬁ§a81$86iiﬁ%ﬁ%éﬂéﬁ?ﬁ‘%éeé%é% H%)léézé.ME%§gﬁ, according
to the method of Example 1, a high dielectric constant composition
was prepared and the result of evaluation of its dielectric
characteristics is shown in Table 4. The relative dielectric
constant was 46, the dielectric loss tangent was 4.7%, and the

capacitance per area was 2.7 nF/cm®, and was inferior in the

electrical property. The porosity was 35 volume$.

Example 10
Barium titanate (BT-05 of SAKATI CHEMICAL INDUSTRY CO., LTD.,
mean particle diameter: 0.5 um) 494 weight parts and y-butyrolactoeone

71 weight parts were kneaded using a homogenizer, and a dispersion
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bariumtitanate filler (K-Plusl6 of Cabot Corp., nean

particle dianeter: 0.06 pm 1872 wei ght parts,

y-butyrol act one 928 weight parts and a dispersant (a

copol ymer having an acid group with a

phosphori c-ester skel eton: BYK-W010 of BYK-Chenie

Japan KK) 72 15 weight parts were m xed and di spersed
liquidghr3ivees ebbringdt orPispersiondiingis Avodwgehitherepany resin

a dispersion liquid X-2 was obtained. Synthetic
solugigmpbel Ferpi sprediverind gubal Xm3 1A, bard timet 2 spatemposition

filler (BT-02 of SAKAI CHEM CAL | NDUSTRY 20 Co.
C—lOLWdS,pnep@r@drtiﬁﬂ&n;ﬂanuﬁﬁﬁingltHBtp@)méSBSdmefghxample 1, a

parts, a bariumtitanate filler (HPB-1000 of TPL

highl BéeleBeaNcpabhbehat Ebapstetiof. P59 PPl el HHe result
parts, y-butyrolactone 928 weight parts and a

of e¢h3PR8ES8Atof @@%léi@tﬂ%vbﬂgrﬁﬁt@?c'lgtgﬁguf_’sv‘éﬁ&ﬂﬁ in Table
phosphori c-ester skel eton: BYK-W010 of BYK-Chem e

2. 'I]ﬁQaf]eM1x7go%,5 193_h£c prﬁ%r{ijs:‘tﬂ\ﬁgewe[g Xﬁfj q_ﬂl% Qi %Q.%rcﬁ:erqc loss

under 1ce-co onogeni zer
i SpgeS Si X-3 was_obt ai ne
rangdff ‘9?%' PR st%%r ga@%ﬁlﬁ&&ﬁ& B 5% B o By BRACR'” and the
% 1 f SAKAI CHEM CAL | NDUSTRY 5 Co., Ltd.,
poroﬁégﬁ ﬂﬁ t é|¥0 PBfdrer: 0.28 pn) 5328 weight parts, a
bariumtitanate filler (HPB-1000 of TPL Inc., nean
particle dianmeter: 0.059 pnm) 1872 wei ght parts,
y-butyrol actone 928 weight parts and a dispersant (a
Exampédgollynmer having an acid group with a
phosphori c-ester skel eton: BYK-WO010 of BYK-Chem e
JaPani#iK)t iA2aridt endBFR0 Spaf t SAKAET € HIMICH LanNDUBSREr&®d, LTD.,
under ice-cooling for 1 hour using a honogenizer, and
meandp LHSErS H9AmEL gy ) )& Flm\!\/al% DhtagRebar Y BhAGt kit yrolactone
exanple 5; Dispersion liquid X-5 A bariumtitanate

16 wéiéﬂl@rpa(r@_s H@%eoﬁné%&:%é)ﬂ{?ta! fBmofRARze1D PRALL ¢lig tperSJ_on

di anmet er: pm 5328 wei gh arts, a bariumtitana
I f | ,
1lquEb1 ABJ %@P%%%gﬁﬁgl Td’%r}!aérkfsslormﬁ&uﬁggz} g%taglﬁgkggeéﬁéxy resin
i d d
ol %h%-rgﬁériﬁ AR e TR His i SRRl T pe e MrBoicion

C-11 was prepared. Then, according to the method of Example 1, a

‘high dielectric constant composition was prepared and the result

of evaluation of its dielectric characteristics is shown in Table
2. The relative dielectric constant was 76, the dielectric loss
tangent was 3.2%, the capacitance per area was 8.4 nF/cm?, and the

porosity was 5 volume%.

Example 12
A paste composition C~12 was prepared in the same way as

example 2 except using barium titanate (SB05 of Toho Titanium Co.,
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BYK- W010 of BYK-Chem e Japan KK) 72 wei ght parts were
m xed and 20 di spersed under ice-cooling for 1 hour
usi ng a honogeni zer, and a dispersion liquid X-5 was
obt ai ned. Synthetic exanple 6; Dispersion liquid X-6 A
bariumtitanate filler (BT-SA of KCM Corporation, mean
25 particle dianeter: 2.1 p 5328 wei ght parts, a
Ltd.parmean t PRERACES 48 aates: ((FB- BOQ0 af TPe hagh, dHedectric
particle dianmeter: 0.059 pm) 1872 wei ght parts,
consyabit yirolaptone 928 leei. ghtTipart saandrdidgsper same méghod of
copol ynmer having an acid group with a phosphoric-ester
Examplel f anhigBYKi¥0610rat BYKs Chetmeenbapadn iKK) wa2 pesghted and
parts were m xed and 5 di spersed under ice-cooling for
the deHOUF ofséNglaaBoBRIENE 28I d i aNelt 2 &lichReETIt@Y ilstdWsdis shown
X-6 was obtained. Synthetic exanple 7; Di spersion

in TAbWbd Xrye AN Wn Eié§QéE§1£'ddr§ta(rﬁTwQ§ ”Rf PAEielectric
ENlCAL I NDUSTRY 10 Co d., mean particl ‘e

) tront
loss at e V%aosl Iéell{r?a (H %@ %ég?{al'@{é tp%r gre%eaﬁgpéa%bgl/cm » and
0 16l3 wei ght parts y- but yrol act one
the f@i@smgﬁgﬁ s éart ang °d di spersant (a copol yner
havi ng an acid group with a phosphoric-ester
skeleton BYK- W010 of BYK-Chem e Japan KK) 77 15
ight parts were m xed and di spersed under
Exampéé édoling for 1 hour using a honpgenizer, and a
di spersion liquid X-7 was obtained. Synthetic exanple
8; ADbgpéEsicompldisqiidriX-8-18 berd uprepa a@dt enf theesame way as
(BT-05 of SAKAI CHEM CAL | NDUSTRY 20 Co., Ltd., nmean
exampdkt P dxecaptanstier sOrSnpihm526danei ghtSTedrX 8f $AKAL CHEMICAL
titaniumoxide filler (HT0514 of Toho Titanium Co.,
INDUKtrgy, cCoeanLTpar,t imelae @-afalical Qadep@r 2413 Wei)ghls the high
parts, y-butyrolactone 1523 weight parts and a

dle1@(;%&%8%Hné@arp@pghwsanb@wfaql@& aCifthefif OURC-¥EEnE to the
phosphori c-ester skel @t on: BYK- V010 of BYK- Chem e

meth%@p%% %§a§§he7a “%F%?%hﬁ?gﬁié@%fidﬂdgﬂéﬁﬁﬁ{(@dﬁﬂﬂgﬁ%ion was

under ice-

prepared and the result of evaluation of its dielectric
characteristics is shown 1n Table 2. The relative dielectric
constant was 65, the dielectric loss tangent was 1.2%, the

capacitance per area was 3.8 nF/cm®, and the porosity was 14 volume$.

Examples 14-16
Paste composition C-14-16 was prepared in the same way as
example 2 except using the resin and the curing agent which are

gshown in Table 2. Then, high dielectric constant compositions were

- prepared and the result of evaluation of their dielectric

characteristics is shown in Table 2. The high dielectric constant
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1 hour using a honogeni zer, and a dispersion |liquid
X-8 was obtained. Synthetic exanple 9; D spersion
liquid X-9 Alead type filler (Y5V183U of Ferro, nean
particle dianmeter: 5 0.9 pn) 6695 wei ght parts, a
bariumtitanate filler (HPB-1000 of TPL Inc., nean
particle dianeter: 0.059 pm 1145 wei ght parts,
comppspiipngl Bavéne 192athee gﬁxek%@msicawwrasteﬁrstp@rfs aftox @reater
copol ymer having an acid group with a
wereplebdphorids- est er skel eton: BYK-W010 of BYK-Chenie
Japan KK) 78 weight parts were m xed and di spersed 10
under ice-cooling for 1 hour using a honogenizer, and
a dispersion |liquid X-9 was obtai ned. Synthetic
Exarglarpllg-1@, Dispersion liquid X-10 A bariumtitanate
filler (BT-05 of SAKAI CHEM CAL | NDUSTRY 15 Co.,

Lt Bast BRANMSE {4 £5:6s dlameberye Pe %r@paré%pgs%&ggs the resin,
parts, y-butyrolactone 928 wei ght parts and a

o poleiachls 1 EOSBLYIDE bnn oot Bkl ey o )

K),. 7 i ght parts i xed_and, _di spersed und
and (b HA PRI R0 G S s o gaR ShEReghe To- . el
di spersion_ liquid 20 X-10 was obtai ned. Synthetic
Thenexﬁﬁﬁﬁedﬁ%eﬁgb%r%?%tﬁ”ﬁqlﬁoamsllfwrb%rsih@mr& tPah@pie 3 were
filler (BTHP-8YF of KCM Corporation, nmean particle
prepairgfeted the ignglisBegt vt ghayartiar 1ok iy weretetakateed. The
filler 25 (BT-05 of SAKAI CHEM CAL | NDUSTRY Co. ,
resulltdis gsheam par Thble i adéudr diebocOrbcpryndiget wengltsitions
parts, y-butyrolactone 928 wei ght parts and a
havidigsper safbtiaecapiod rerrravicngsaanaciaf gboupmi heater were
phosphoric-ester skeleton: BYK-W010 of BYK-Chem e
obtadapan KK) 72 weight parts were m xed and di spersed
under ice-cooling for 1 hour using a honogenizer, 5
and a dispersion liquid X-11 was obtai ned. Synthetic
exanpl e 12; Dispersion liquid X-12 After dispersing a
ExamPqbl Y@ titanate filler (the product made from KCM
rporation, BT-SA, a nean particle dianmeter: 2.1 pn

inA dispersion liquid A-5 was obtained by mixing a barium
titanate filler (BT-05 of SAKAI CHEMICAL INDUSTRY CO., LTD., mean
particle diameter: 0.5 um} 323 welght parts and y-butyrolactone 36
welght parts under ice-cooling for 1 hour using a homogenizer. An
epoxy resin (EPPN502H of NIPPON KAYAKU CO., LTD.) 12.8 weight parts,
a phenol novolak resin (TD-2131 of DAINIPPON INK AND CHEMICALS,
Inc.) 7.8 weight parts, a curing-accelerator (triphenyl phosphine
of HOKKO CHEMICAL INDUSTRY CO., LTD.) 0.2 weight parts and
Y-butyrolactone 24.8 weight parts were mixed, and an epoxy resin

solution B-2 was obtained. The dispersion liquid A-5 and the epoxy

-resin solution B-2 were mixed using a ball mill, and a paste
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10 an acrylic resin binder using a ball mll, a

secondary particle was obtained by

cohesion/solidification of the primary particle using

a spray dryer. Next, after calcinating this at 1200C

in atnospheric air for 6 hours and grinded in a

nortar, it was classified by screens of 500 nesh and
comp3@0 tiesh Ct-d Sobeai prapbaedum IBenj t apadeding | ey the method of

having a nean particle dianeter of 40 pm The dynamc
Exampdat Lera mg dtypgeepartrtbezenzeani stangutiitaomeasupragared and

devi ce (LB-500 of HORIBA, LTD.) was used for
the PeasUt &fEBtalhathen deanstdite pastt o @ hdirareieari stikisSis shown

bariumtitanate filler A 5328 weight parts, the

in T8I d um trhanatig fiidd &Ieﬁe&@fig%d}fsm fREPOT, aEhQ'Blea_féctrlc

mean particle dianeter: 2. 1872 wei ght par S,

lossthH?ééﬁel é%nq 9g§e 0&?%1@91"1&@ p?eﬂ:daQeg' ﬁ?ggr@%nhF(/@m , and

copo yner avi'ng’an aci ou
horic-ester el et,on BYK—V@OlO of BYK-Chem e
the %%%%%l%kaa? Ll%elgliurnﬁ’arts were m xed and di spersed
under ice-cooling for 1 hour using a honobgenizer and
a dispersion liquid X-12 was obtained. 25 51
{nthetlc exanple 13; Dispersion liquid X-13 A barium
Exampileagdt e filler C of 20 pmof mean particle dianeters
was prepared in the same way as that of the barium
ti Thrabarinm eitamabe (BE-GSynehetAEARXARNECAR BREEHARY CO.,
usi ng the screens of 1000 nmesh 5 and 600 nmesh. This
LTD. bané¢ampiirttamdteed f atmé eer CO53I2B8msiaFhve paht pattse a dispersant
bariumtitanate filler B (BT-SA of KCM Corporation
(BYKFBI0 10abti BYR-CHemt®t Bipa? KK ,pr) cbPod ywelrght thash Sacid group
y-butyrol actone 928 weight parts and a dispersant (a

wthﬁOpﬁhh‘,”eﬁ;hB§¥h891éme§€ég g5REPeYbEN @) ,2 weight parts and
phosphori c- est er skeleton BYK-W0010 of BYK- Cheni e

Y- buggggfag:%ng%% %rst e de! Engldégﬁ @Qijng' e?’@q%rr?o%ni zer,

I Ce-C0oo0 hOUf usin onogeni zer

u 3,vas_obt ai n nthetic
and § QiSPERS BR §u£?e§.% AP SOy Phsriie A6
PPN—502H Of NlPP KAYAKU.CO., LTD 400 15 wej ght
and hp(RpO%Y SVSHAR Pee tet B2 ton gainbpbEpi 11, and

| NK AND i
the paste composition C-20 was prepared. Then, according to the

method of Example 1, a high dielectric constant composition was
prepared and the result of evaluation of its dielectric
characteristics is shown in Table 3. The relative dielectric
constant was 95, the dielectric loss tangent was 3.1%, the

capacitance per area was 8.4 nF/cm?, and the porosity was 7 volume$.

Example 21
An epoxy resin (NC3000 of NIPPON KAYAKU CC., LTD.) 15.3 weight

parts, a phenol novolak resin (“KAYAHARD” TPM of NIPPON KAYAKU CO.,
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CHEM CALS, Inc.) 400 weight parts and y-butyrol actone
1000 weight parts were m xed and the resin solution
Y-1 was obtai ned. Synthetic exanple 15; Epoxy resin
solution Y-2 20 The epoxy resin (NC 3000 of N PPON
KAYAKU CO, LTD.) 600 weight parts, a phenol novol ak
resin ("KAYAHARD' TPM of NI PPON KAYAKU CO., LTD. (new

LTD pan@ew KRYMSARD" KRTBHABD) ) K260 @S ght Spar tweight parts, a
curing-accel erator (triphenyl phosphi ne of HOKKO

cur ICHEMAOALL e 1aNDUSTRY L S0eny L g sghives glit HQFeQ SHEMJ CAL INDUSTRY
y-butyrol act one 1000 wei ght 25 parts were m xed and a

CO. I egin )sol. at wenglft lpawss ehiidivneds yr31Exampke2317Theight parts
di spersion liquid X-1, 82 weight parts was put into a

werd Qit:addieraeg Uk ppedowit Reaf na@idiaitQloral 3 R{Ltebtdened. The
resin solution 5 Y-1, 18 weight parts was added

disp2dua] hy and ﬁLéeQnQYtﬁéméﬂé§y(¥§M1dm%BHQQ&oﬁng 3. were mixed

further mxed mnt a ball for 1 hour to obtain a

u31r%a§tk%lcl°H99§'t Egsiﬁglc% @qma%ec'?gf‘%%nf?f?ggklﬁf Then,

content  was a out volu A>putt|ng

t he n r and, the,resin as
acodifld b TherdSehedt B2 kkamptrgtt rf Sidial B afe i qppstant
on an al um num substrate and a cogger substrate by a
COmRGS I 1eTht %S aRGBRY FAg A BRe ovERYat 120 ‘é’%‘ﬁa‘ieon of its
mnutes, it was cured at 175C for 1 hour to obtain
diel@crd@ rekaeamigesi 1§ brs. iTheheminesst chalnle depeddiengrelative
on the tenperature of the dielectric conpositions
dielfesttmdd enanshess vae 16, kilmtislisflentysita dbeswasngeasuvad 2.8%
by the stress neasuring device Flexus of KLA-Tencor
the Cepperidtinoe, p@mda&eawwhheSCBangepmfhean@omﬁé|pbfm&1tw was 14
| i near expansion of the dielectric conposition was

- volweRlscul ated. It was found to be 18 ppmi C which is a

good val ue because it is alnost the sanme val ue as
that of copper (17ppm C). 20 Next, an al um num
el ectrode was fornmed on the surface of the dielectric
ExankQPesi tion on the al um num substrate w th vapor
ep05|t|on and using this and the al um num substrate

as pel el 00ESate (BT-05 of SAKAT CHEMICAL INDUSTRY CO., LTD.,

mean particle diameter: 0.5 um) 62.3 weight parts, barium titanate
(HPB-1000 of TPL Inc., mean particle diameter: 0.059 ym) 21.9 weight
parts, y-butyrolactone 15 weight parts and a dispersant (BYK-W9010
of BYK-Chemie Japan KK, a copolymer with an acid group having a
phosphoric ester skeleton) 0.8 weight parts were kneaded using a
homogenizer, and a dispersion liquid A-7 was obtained. An epoxy
resin (EPPN502H of NIPPON KAYAKU CO., LTD.) 2.2 weight parts, a
phenol novolak resin (TD-2131 of DAINIPPON INK AND CHEMICALS, Inc.)

1.4 weight parts, a curing-accelerator (triphenyl phosphine sold

by HOKKO CHEMICAL INDUSTRY CO., LTD.) 0.04 weight parts and
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the dielectric characteristics at 1MHz was neasured
using an i npedance anal yzer (HP4284A and HP16451B of
Hewl ett Packard) 25 according to JIS K 6911. The
relative dielectric constant was 55, 53 the
dielectric | oss tangent was 3. 3% and the capacitance
per area was 4.9 nF/cn2. Furthernore, as a result of
Y-bup¥rpbprtaget Re lpredghice Pegtltewe ree St 2EPCT argbtan epoxy resin
1009%H, 121C, two atnospheric pressures, and 100 5
solufgemsBat twers) obdatiheddi eTketdiispamiposiligonddn-T ked the epoxy
copper substrate, nothing abnormal was found by
resim cyoloDipe obsér watreomizat uoitdea ®BASS dislch eHll a paste
exfoliation scotch tape test nethod (JI' S K5400),
comp@sditiall QR29CALE PREpATe@QOUTHESN ] Bl POkd Bg t#€IEhe iMkbthod of
each neasurenent of the coefficient of linear 10
Exan@iRaDsi DM ghh@i di 8Le ¢t Ei £o0hs REIRIHH14S AP GaBdrepared and
test, evaluations were conducted to the three
the FOLEKPRIETahat N6 LY RELA] &1 e LOMPOBHLILAR QA 13 1t 15 shown
and 20 pm Ho ki n

P wever, Since a erence betwee

: L £knesses S een, .t -sunmmarized by theresu
in O P AT e N kTS T dabr il 123, ene
, liquid X-1, 86 weight parts was put info a contajner
dl@lS&gF&§e§°RFtﬁaaﬂea [ ¥3Por - IndC bReraRect henFesyRs 10-0 nF/on?
solution Y-1, 11 weight parts and y-butyrol actone 3
and (BpgRPIPEALY Wefe 420 gtE@Fal | y added and ni xed by the
| et -down nethod, further, it was agitated with a bal
mll for 1 hour to obtain a paste conposition. At
this time, the inorganic filler content was about 72
Exampdleud8% putting the total quantity of the inorganic
filler and the resin as 100 volunme% 25 Using the
pasheeonpes st hoMd-Famo ®btral nepby aadingecd ) ¢.TR4 2.6 weight
conposition was prepared in the sane way as exanple 31

part@hda tdhMnASHbV01ak resin (“KAYAHARD” TPM of NIPPON KAYAKU CO.,

LTD. (new name: “KAYAHARD” KTG-105)) 0.9 weight parts, a

.curing-accelerator (triphenyl phosphine of HOKKO CHEMICAL INDUSTRY

CO., LTD.} 0.04 weight parts and y-butyrolactone 7.1 weight parts

were mixed and an epoxy resin solution B-5 was obtained. The
dispersion liquid A-7 and the epoxy resin solution B-5 were mixed
using aball mill, and a paste composition C-23 was prepared. Then,
according to the method of Example 1, a high dielectric constant
composition was prepared and the result of evaluation of its
dielectric characterisfics is shown in Table 6. The relative
dielectric constant was 121, the dielectric loss tangent was 2.6%,
the capacitance per area was 10.7 nF/cm® and the porosity was 4

volumes.
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obt ai ned by neasuring the coefficient of |inear
expansion, the dielectric characteristics and the PCT
test is shown in Table 9. 5 Exanple 33 The di spersion
liquid X-1, 88 weight parts was put into a container
equi pped with an agitator and thereto the resin
solution Y-1, 7 weight parts and y-butyrol actone 5
wei ght parts were gradually added and m xed by the
| et -down nethod, further, it was agitated 10 with a
Exanipelel 24i 11 for 1 hour to obtain a paste conposition. At
this time, the inorganic filler content was about 79
VoEuneptpiidt nge ddlevrdrof absquantlidne ol yebe dinrgattie, a paste
filler and the resin as 100 volunme% Using the paste
comp@RIRASInt Con4t PHS ©béghned, iR WielLeld Way 68MBRSNHLEM3. The
was prepared in the sanme way as exanple 31 and the
boilligeul bo il Obleai bedy byn 8eRWINY dhe-cogtli cienio@fc.  Then,
| i near expansion, the di"electric characteristics and
PCT -t ' [ : | e )
aceo el to Sik BErAOR Y BeliB 6 DB e oprotant
compr%gsg_i %%élg:wnﬁs% Oﬁglej{%g%ggdf%gﬁ?e gg%%g&ggé)afndeégf&g%go}lhgf its
. .y-butyrol actone 7, wejght parts were gradually added .
dielefd isx s AP THRF At dowh® nef R, lfnurglifﬂé%? Pt wdke relative
. agitated with a ball mlIl for 1 hour to obtain a
dielggétrd cceApsSPNLonas A4S+ Hihe dipdectefe Laspgbangetrt|yag 3.1%,
content was about 86 vol une% putting 25 the total
the gquasdittansfe towr jaweyante $ifl ofF /and ahd tbsi poaosiB@ was 8
55 vol une% Using the paste conposition thus obtained,
voluaedi.el ectric conposition was prepared in the sane way
as exanple 31 and the result obtained by nmeasuring
the coefficient of |linear expansion, the dielectric
characteristics and the PCT test is shown in Table 9.
ExamplEX2mpl e 35 The dispersion liquid X-1, 90 weight
parts was put into a container equipped wth an

aghk@&ﬁ% %%%érgﬂgtgoiggnfeﬁhg %@égﬂ§¥]malonate, the paste

composition C-25 was prepared in the same way as example 23. The
boiling point of diethyl malonate is 199°C. Then, according to the
method of Example 1, a high dielectric constant composition was
prepared and its dielectric characteristics were evaluated. The
relative dielectric constant was 85, the dielectric loss tangent
was 2.7%, the capacitance per area was 7.5 nF/cm® and the porosity

was 9 volume%.

Example 26
Except that the solvent was ethyl carbitol, a paste

composition C-26 was prepared in the same way as example 23. The
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Y-1, 2 weight parts and y-butyrol actone 8 wei ght parts
were gradually 10 added and m xed by the | et-down
nmet hod, further, it was agitated with a ball mll for
1 hour to obtain a paste conposition. At this tine,
the inorganic filler content was about 91 vol ume%
putting the total quanti of the inorganic filler
bolldmg pﬁénﬂ:egﬁnealaylwmrw%vr@% 202i°fg t BBepastecording to the
conposition thus obtained, a dielectric 15 conposition
metheals ofr éxawred.< .t ke hsanhe disyl east rexamuins 3hamprdesition was
result obtained by neasuring the coefficient of
pregarmearagd parisilent riike cidhebecéristLhar aclrer i statsaaed. The
the PCT test is shown in Table 9. Exanple 36 20 The
rela@iiSReHSie0R ctirdd doXstan®lwwei 9B PR tSidBScPric i ¥4 dangent
contai ner equi pped with an agitator and thereto the
was B855N S W thrloe ool S RA BS8aH/cm?, and the orosity
y- bufyrolactone 8 wei ght parts were gradually ad g
n %8d by the let-down nethod, further, it mas
was % q)‘toate% ‘with a ball mill for 1 hour to obtain a
paste conposition. At this 25 time, the inorganic
fiIIer content was about 93 vol une% putting 56 the
tal .quantity of the inorganic filler and the resin
Exam@ ©18d vol une% Using the paste conposition thus
obtained, a dielectric conposition was prepared in
t hEXS5RE ay talhexanpyenB Wvamdl Rt ke ¢ Lolgbtan sy fy paste
measuring the coefficient of |inear expansion, the 5
compgisditéory Cc2dhapacpeeparedsimithe vanRCrayyests esashdani3. The
in Table 9. Exanples 37-43 The dispersion-liquid
boildhownoint Tabl &bt 188 ayei lgittespardnands 1pafCi.n Bhen, according
contai ner equi pped with an agitator and thereto the
to théShdthdd FOEsbn@NeshpWN highTabkeebt r1cWebdit afarddnposition
and y-butyrol actone 5 wei ght parts were gradually

was 56ech AR Rinked hy EE%uh%t(ﬁpm@vHEﬁQQQon fag thek, ditelectric
was agitated with a ball mll for 1 hour to obtain a

charl%%‘é%l%%%%s" Oé‘ho% G S:ta‘]d u?tPeTh?gFrg?Lgltﬁ bl ldi@Nectric

content was out volune n
15 and the resin as

h f o
consFdB, o e thE I idaal 4 Shosd bR iSRS 2015, tne

capacitance per area was 7.0 nF/cm? and the porosity was 12 volume%.

Example 28

Except that the solvent was isophorone, a paste composition
C-28 was prepared in the same way as example 23. The boiling point
of isophorone is 215°C. Then, according to the method of Example
1, a high dielectric constant composition was prepared and the
result of evaluation of its dielectric characteristics is shown
in Table 6. The relative dielectric constant was 76, the dielectric

loss tangent was 2.2%, the capacitance per area was 6.7 nF/cm? and
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obtained, a dielectric conposition was prepared in the
sane way as exanple 31 and the result obtained by
nmeasuring the coefficient of |inear expansion, the
dielectric characteristics and the PCT test is shown
in Table 9 and Table 10. 20 Exanple 44 The di spersion
liquid X-7, 93 weight parts was put into a container
the éﬁmQﬁ&&Y\M&31kﬁ1V iuEt?or and thereto the resin
solution Y-1, 7 weight parts were gradually added and
m xed by the | et -down 25 met hod, further, it was
agitated wwth a ball mll for 1 hour to 57 obtain a
Exampdst @ conposition. At this tine, the inorganic filler
content was adjusted to about 79 vol unme% putting the

t otrglccpantidty tRé theviener gl cafbth@iranfahh@e) eshe paste
as 100 volunme% Using the paste conposition thus

Comp%b‘stl% Ngdc-2 9dh§|se19£éb§r§8 NPOSitd ULWRS Qfseeﬁéﬁf! 1k n2 3. The
he sane way as exanple 31 and the result obtal ned by

bmlﬁﬁ%ﬁ&%ﬂ@ d8; 89&%@%8&% higk 44 ﬂ‘%é)“ce"p?l{?éﬁo%ccto‘]ﬁn ng to the

rlc chara erls I'cS and the "PCT test

in T anpl 1 he . di.spersian I| uid X-.
methgll i GRETRAT & vids T (T SF oo G Rt - £on was
with an agitator and thereto the resin solutlon Y-1
Prep?r\ﬁ& gﬁtncgarttl@ werSWtad el | P VRddéd i mked By tHeg Llectric
| et-down nethod, further, it was agitated with a ball .
chargqtie figrt irsh ol ﬁbow%bﬂaiﬁ%P%%s@e cohposetpsavepdielectric
this tinme, the inorganic filler 15 content was
consgdjngst edst ¢ lhbothe8 Wimlagtdb putloissg tdmegemt alwas 2.3%, the
quantity of the inorganic filler and the resin as 100
capavdltamed pésiangal fes epaste/ cetypasititenpbbusiobtaintl, valume? .
di el ectric conposition was prepared in the sanme way
as exanple 31 and the result obtained by neasuring
the coefficient of |inear expansion, the dielectric
.Exam%qech@yacteristics and the PCT test is shown in Table
0. Exanple 46

Except that the solvent was dimethylacetamide, the paste
composition C-30 was prepared in the same way as example 23. The
boiling point of dimethylacetamide is 165°C. Then, according to
the method of Example 1, a high dielectric constant composition

was prepared and its -dielectric characteristics were evaluated.

‘The relativedielectric constant was 79, the dielectric loss tangent

was 2.3%, the capacitance per area was 7.0 nF/cm?, and the porosity

‘was 11 volume%.

Synthetic example 1; Dispersion ligquid X-1

A barium titanate filler (BT-05 of SAKAI CHEMICAL INDUSTRY

- Co., Ltd., mean particle diameter: (0.5 um) 5328 weight parts, a
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The dispersion liquid X-9, 93 weight parts was put

into a container equipped with an agitator and

thereto the resin solution 25 Y-1, 7 weight parts

were gradual ly added and m xed by the |et-down 58

nmet hod, further, it was agitated with a ball mll for

1 hour to obtain a paste conposition. At this tine,
baripme thorgabe cfillleer (HREtEMOwas ddlustBecto agomt Werticle

vol uned putting the total quantity of the inorganic
diarfdtdrer 0and ot he) r 37 h wasi 0 petusyed-blsiynglhbechepd®s eveight

conposition thus obtained, a dielectric conposition
partdasSangr epad sbé st SBYK-W 1A exXampikecBimdRd Jdgan KK: a

result obtained by neasuring the coefficient of

co dﬂﬁ%ﬁ% heXRARS kANact RegdbabeRi thCa By ©fd-Sdd€Sr Akleton)
P he PCT tes? IS gﬁomngln abl e I% 1o%%%rparat|ver eEen

72 w%? a%tgshegetﬁ§x§80§Xdr8§é?ﬁ§9€&tﬁﬁ@e9f1&Q§coollng for 1

the Ic exanple 14 except the 1 norganic
houd h%kﬁé. di,3perslen qgﬁg a‘“’%&% 0oL s Usef o, A4 49! %g%rébctained.
conpo i11°6h was prepared 1n Re Sare md% as “exanple
31, and the result obtained by nmeasuring the
coefficient of linear 15 expansion, the dielectric
characterlstlcs and the PCT test is shown in Table
SyntfpticofFarmlioy & JexHrineE 5-Ofhel ifEiseXsi%on | quid X- 10,
88 weight parts was put into a 20 container equi pped
wi Bhbatiug tatenabadiihérst 6BTheSrediTREDI LQHWCM 1INDUSTRY
7 weight parts and y-butyrol actone 5 weight parts were
Co.,ghddual meanagdedt iane mieced:tyrt He 9 em)ddid Gretdigght parts, a
further, it was agitated wth a ball mlIl for 1 hour
baritum chitaidate paEisilkecopeBLusDA. oAt Chbbs Cbirfe,, tlan particle
inorganic filler content was about 79 vol une% putti ng

diandihe o, @taagmqumgt ¥e@hnth UEa!rEQr %&t{féi@&t&m@ §3¥ weight

resin as 10 59 vol une ing the paste conp05|t|on

partt§1lé§1cp%t @fl%%%rs%n@ e(laegcfﬂcplgn@fm%}t goré L&g with a

In the sane way as exanpl'e 31 and the Tesult ob al ned

phos‘%o'ﬁ%s—%rs't%% (21908 EEf1d I H YRR Srad I kx) 72

weight parts were mixed and dispersed under ice-cooling for 1 hour

using a homogenizer, and a dispersion liquid X-2 was obtained.

Synthetic example 3; Dispersion liquid X-3

A barium titanate filler (BT-02 of SAKAI CHEMICAL INDUSTRY

Co., Ltd., mean particle diameter: 0.18 um) 5328 weight parts, a

barium titanate filler (HPB-1000 of TPL Inc., mean particle
diameter: 0.059 um} 1872 weight parts, y-butyrolactone 928 weight
parts and a dispersant (a copolymer having an acid group with a
phosphoric-ester skeleton: BYK-W9010 of BYK-Chemie Japan KK) 72

weight parts were mixed and dispersed under ice-cooling for 1 hour
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di el ectric characteristics and the PCT test is shown
in Table 10. 5 Conparative exanple 6 The di spersion
liquid X-11, 88 weight parts was put into a container
equi pped with an agitator and thereto the resin
solution Y-1, 7 weight parts and y-butyrolactone 5
wei ght parts were gradually 10 added and m xed by the
usinge- OISR, fapd IFedispenmEeradiitatial X-w tiasa dhdlained.
mll for 1 hour to obtain a paste conposition. The
filler of this paste conposition was apt to sedi nent
when left alone. At this tinme, the inorganic filler
Synttefitienexsap labayt DASpealsirelolfuidiidn-4 he t ot al
quantity of the inorganic filler and the resin as 100

15aveh umefit t UskAgtEhei past e (sPnposh £ | KA NUHIDIE N e®DUSTRY
a dielectric conposition was prepared in the sane way

Co. aitexa”meﬁn?’ﬂaa%%@e HEQﬁéE@FE% o8 Srh?'?ﬁé'v?elgfht parts, a
‘charatteristics was tried. However, neasured val ues

bar1Wﬁ{eti QéésgﬂggfﬁggéﬁPéeibégl%Fﬁegﬁ#hgﬂgn ASan particle

oss t1ve exanple I'Sperston

UId X B ht p rts was put cont er
dlam&a% pp8d0$§tﬂm§nlv%? Attt bt o fagfne B8 beigne
solution Y-1 ,6 7 m5|ght parts and y-butyrol actone 5
partgepght ApalePeksed tyrldd GRS YES ta dded ehdvidted 19 Ae with 2
| et -down nethod, further, it was agitated 60 with a
phospRPIrigelstear skel@ionto BYS&I%0 18 s RY Koihsasia idapan KK) 72
The filler of this paste conposition was apt to
welgbedparhs wiien riefad ahdnéispersedimdamd cetfmodlimoggéniccl hour
filler content was about 79 volune % putting the
us ingokahofwartiitze rgf arfte a [desgarisd dn [1ieuiahdthevaesibtained.
as 100 5 volume% Using the paste conposition thus
obtai ned, a dielectric conposition was prepared in
the sane way as exanple 31 and a neasurenent of

synt@e@hi 8C bt RAACIREHGS A il &k~ Fowever,

measur ed val ues were’i nconsi stent and a rellable
neﬁsﬂg§ggﬁtt%@§nate filler (BT-HP3 of KCM Corporation, mean

particle diameter: 1.2 um} 5328 weight parts, a barium titanate

filler (HPB-1000 of TPL Inc., mean particle diameter: 0.05% pm)

1872 weight parts, y-butyrolactone 928 weight parts and a dispersant

(a copolymer having an acid group with a phosphoric—ester skeleton:
BYK-W9010 of BYK-Chemie Japan KK) 72 weight parts were mixed and
dispersed under ice-cooling for 1 hour using a homogenizer, and

a dispersion liquid X-5 was obtained.

Synthetic example 6; Dispersion liguid X-6
A barium titanate filler (BT-SA of KCM Corporation, mean

particle diameter: 2.1 um} 5328 weight parts, a barium titanate
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not inpossible. 10 Conparative exanple 8 The
di spersion liquid X-13, 8893 weight parts was put into
a container equi pped with an agitator and thereto a
resin solution Y-1, 7 weight parts and
y-butyrol actone 5 weight parts were gradually 15 added
and m xed by the |et-down nethod, further, it was

fillag t(@P&ET10MG pfa TEA IIng.|,| megm Parduhe lieo dmgitgrg 0-059 um)
paste conposition. The filler of this paste

187 2c0abgist thiaart syas-apty 1l ssedinme AR 8 weeiyHtep b rat amel a Al spersant
this tinme, the inorganic filler content was about 79

(a cy¥pblyRde pHdimgantadiel d ghalipguitt iat yhofphdei ¢-resganiskeleton:
filler and the resin as 100 20 vol unme% Using the

BYK-R@%11® eenpesithemikthyspaht gRknewz eyt e8d#t L were mixed and
conposition was prepared in the sane way as exanple 31

disp@dedTRasi el fo1ding) 8okt i1C Hehal RGeSt ehoWRSiizer, and

tried. However, neasured values were -inconsistent

. reli p%? ot inpossible. 25 61
a dl%%%g%&&%i&g U@anp Zyéggﬁg%%%ﬁbegﬁging the barium

titanate filler with a large particle dianmeter (BT-05
of SAKAI CHEM CAL | NDUSTRY Co., Ltd., nean particle
: dianeter: 0.5 pm to a bariumtitanate filler
Synthgpacl 56T 16 TPLISRErSivBant 154 &€ di ameter: 0.059
pm and changing the bariumtitanate filler with a
snél Papapri el eadnbaef &k l¢HPER 00D oS IGHEMICGAad NDUSTRY
particle dianmeter: 0.059 pm to a strontium titanate
Co.,f Litkder, (MdR8- 2600 icfl eTEL amkeier,: Meédn updr Ki0d7e weiiginst parts, a
0.045 pn), it was tried to obtain a dispersion |iquid
strohmiule tdammat@ Fdy las t(HES-G0 0By nifhatiilc axanpl emedn particle
However, the filler cohered and the dispersion liquid

diamd®eringt abk %m':)f'i'i@lbt wdBSht TRAsSd bhephioyrebhatBnd P983 eight
conposition. Field of industrial application

parts and a dispersant (a copolymer having an acid group with a

phosphoric-ester skeleton: BYK-W9010 of BYK-Chemie Japan KK) 77

weight parts were mixed and dispersed under jice-cooling for 1 hour

using a homogenizer, and a dispersion liquid X-7 was obtained.

Synthetic example 8; Dispersion liguid X-8

A barium titanate filler (BT-05 of SAKAI CHEMICAL INDUSTRY
Co., Ltd., mean particle diameter: 0.5 um) 5261 weight parts, a
titanium oxide fillexr (HT0514 of Toho Titanium Co., Ltd., mean
particle diameter: 0.2 um): 2419 weight parts, y-butyrolactone 1523
weight parts and a dispersant (a copolymer having an acid group
with a phosphoric—-ester skeleton: BYK-W901l0 of BYK-Chemie Japan

KK) 77 welght parts were mixed and dispersed under ice-cooling for
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15 The paste conposition and the dielectric
conposition of this invention are preferably used in
the field of a capacitor, an interlayer insulation
material for a circuit material which functions as a
capacitor and an optical wiring material. 62 EmC OO
OELOOO*NNN CXUc dieUO7 VONCT (OCC 2
1 howr geioe chrwesepiyerN apdagiixpagonliguigx(Bwgsobtained.
aoch V)t) Co Qo6 it Lfs "~ r amU8 LQmCc
NA'65 WN COmt(~) CAD NOoOOUNEOOOCODO
O FCC. ONoO
Synthetic example 9; Dispersion liquid X-9
A lead type filler (Y5V183U of Ferro, mean particle diameter:
0.9 pm) 6695 weight parts, a barium titanate filler (HPB-1000 of
TPL Inc., mean particle diameter: 0.059 uym) 1145 weight parts,

Y-butyrolactone 1722 weight parts and a dispersant (a copolymer
having an acid group with a phosphoric-ester skeleton: BYK-W9010
of BYK-Chemie Japan KK) 78 weight parts were mixed and dispersed
under ice-coocoling for 1 hour using a homogenizer, and a dispersion

liguid X-9 was obtained.

Synthetic example 10; Dispersion liquid X-10

A barium titanate filler (BT-05 of SAKAI CHEMICAL INDUSTRY
Co., Ltd., mean particle diameter: 0.5 pm) 7200 weight parts,
Y-butyrolactone 928 weight parts and a dispersant (a copolymer

having an acid group of a phosphoric-ester type: BYK-W9010 of

‘BYK-Chemie Japan KK) 72 weight parts were mixed and dispersed under

ice-cooling for 1 hour using a homogenizer, and a dispersion liquid

X-10 was obtained.

Synthetic example 11; Dispersion liquid X-11
A barium titanate filler (BTHP-8YF of KCM Corporation, mean
particle diameter: 7 ym) 5328 weight parts, a barium titanate filler

(BT-0> of SAKAI CHEMICAL INDUSTRY Co., Ltd., mean particle diameter:
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NO>NNONNr w.L. wo 00O0COC 0O o0 6) OO

6) O p) NNOO-C US. CCCCCCC 7CcLCL -C
LLL=-C oaaaaaCbaCaa OyU WV .y

-OV) OON NOOOOOOOOOOaaaaaa-~~- a

-P NNNNNmMmMdmMmMNd aaaao aaa_ Ooo000
OOQU.NCUUUUUU-~ 0 OON<O(ONNCOO

0.5 gnp B WO hE@adts,T y-butTrelattoneOIR8Nweight pamta and a

aLaET.c [ >>i ZaWmy Yy YYY

n> >
disppréavity( a(c‘quy)l\jmlér\hivﬁl@aﬁ apidgZoup WitipabheosphoNc-ester
702G 2 20 29 zg Z2Qg z0z00O00O0OO0OO0O
skel@tdrnQ OYR-WI012 3fZBIKZCHehid Japar RKY A2 Av@igh®QPMirs were
ach o acn o EL 0- o ate" o a~ o acn _
mixed and dispersed under ice-cooling for 1 hour using a homogenizer,

and a dispersion liquid X-11 was obtained.

Synthetic example 12; Dispersion liguid X-12

After dispersing a barium titanate filler (the product made
from KCM Corporation, BT-SA, a mean particle diameter: 2.1 um) in
an acrylic resin binder using a ball mill, a secondary particle
was obtained by cohesion/solidification of the primary particle
using a spray dryer. Next, after calcinating this at 1200°C in
atmospheric air for 6 hours and grinded in a mortar, it was
classified by screens of 500 mesh and 300 mesh to obtain a barium
titanate filler A having a mean particle diameter of 40 um. The
dynamic scattering type  particle-size-distribution measuring
device (LB-500 of HORIBA, LTD.) was used for measurement of the
mean the particle diameter. This barium titanate filler A 5328
weight parts, the barium titanate filler B (BT-SA of KCM Corporation,

mean particle diameter: 2.1 pm) 1872 weight parts, y-butyrolactone

928 weight parts and a dispersant (a copolymer having an acid group

-with a phosphoric-ester skeleton: BYK-W9010 of BYK-Chemie Japan

KK} 72 weight parts were mixed and dispersed under ice-cooling for

1 hour using a homogenizer and a dispersion liquid X-12 was obtained.

51



10

15

20

25

a
-a
NNNNNNN CO N 2
02020.00~25S ~
of xaaz xaaz xaaz xdz xa xa XCL xa a> oa>a oa>a (Ca>
Synidetia aapplo>b3 oddgpeng oty Waurkd Ewv z Y ww z
wwzYwwzYwwzYwwzYw N- NNNNNNN
C) AGpapifm tHianane di¢lewri © ofo2 nCbf nda®DpdrNidlé dddheters
ccCcuu U rnE ~10E ~10-E~)nE10EQx.10
was prébhredViXYeM® sanméY walyOas Yhit VoD theYoWrQum—tYr#h@td filler
WOE mF. m L M<2 mF mxr=(a _F- n2FL co U) U

A.of”ﬁﬁ%(gﬁnﬂﬁéﬁiﬁzQkaHpﬂbnlgbeﬁééﬁﬂnd§&nH'Hh€1yﬁﬁééﬁénd@ ibﬂb mesh
wUm NaEXWNTNMEOMM Om5 ii U-=

and %Obl Iye%.o) TN %Qr@uml\kftan% i ,C C)5328 weight parts, the

barium titanate filler B {BT-SA of KCM Corporation, mean particle

N
0
a
2

diameter: 2.1 pm) 1872 weight parts, y-butyrolactone 928 weight
parts and a dispersant (a copolymer having an acid group with a
phosphoric-ester skeleton: BYK-W9010 cof BYK-Chemie Japan KK) 72
welght parts were mixed and dispersed under ice—-cooling for 1 hour

using a homogenizer and a dispersion liquid X-13 was obtained.

Synthetic example 14; Epoxy resin solution ¥-1

" The epoxy resin ( EPPN-502H of NIPPON KAYAKU CO., LTD.) 400
weight parts, a phencl novolak resin (Tb-2131 of DAINIPPON INK AND
CHEMICALS, Inc.) 400 weight parts and y-butyrolactone 1000 weight

parts were mixed and the resin solution Y-1 was obtained.

Synthetic example 15; Epoxy resin solution Y-2

The epoxy resin (NC-3000 of NIPPON KAYAKU CO., LTD.) 600
weight parts, a phenol novolak resin (“KAYAHARD” TPM of NIPPON
KAYAKU CQO., LTD. {(new name: “KAYAHARD” KTG-105)) 200 weight parts,
a curing-accelerator (triphenyl phosphine of HCKKO CHEMICAL
INDUSTRY CO., LTD.) 8 weight parts and y-butyrolactone 1000 weight

parts were mixed and a resin solution Y-1 was obtained.
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Example 31

The dispersion ligquid X-1, 82 weight parts was put into a
container equipped with an agitator and thereto the resin sclution
Y-1, 18 weight parts was added gradually and mixed by the let-down
method, and further mixed with a ball mill for 1 hour to cbtain
a paste composition. At this time, the inorganic filler content
was about 61 volume$ putting the total quantity of the inorganic
filler and the resin as 100 volume%.

Next, after coating this paste composition on an aluminum
substrate and a copper substrate by a spin coater and drying in
an oven at 120 °C for 10 minutes, it was cured at 175°C for 1 hour
to obtain dielectric compositions. The stress change depending on
the temperature of the dielectric compositions formed on these two
kinds of substrate was measured by the stress measuring device
Flexus of KLA-Tencor Corperation, and from the change, the

coefficient of linear expansion of the dielectric composition was

calculated. It was found to be 18 ppm/°C which is a good value

because it is almost the same value as that of copper (17 ppm/°C).

Next, an aluminum electrode was formed on the surface of the

.dielectric composition on the aluminum substrate with vapor

deposition, and using this and the aluminum substrate as electrodes,

" the dielectric characteristics at 1MHz was measured using an

impedance analyzer (HP4284A and HP16451B of Hewlett Packard)

according to JIS K 6911. The relative dielectric constant was 55,
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cross hatch cut exfoliation scotch tape test method (JIS K5400),
evaluation score was as good as ten points.

Here, in each measurement of the coefficient of linear
expansion, the dielectric characteristics and PCT test, evaluations
were conducted to the three thicknesses of the dielectric
composition of 5, 10-and 20 ym. However, since a difference between
thicknesses was not seen, it summarized by the result of 10 pm in

Table 2.

Example 32
The dispersion liquid X-1, 86 weight parts was put into a
container equipped with an agitator and thereto the resin solution

Y-1, 11 weight parts and y-butyrolactone 3 weight parts wezre

‘gradually added and mixed by the let~down method, further, it was

agitated with a ball mill for 1 hour to obtain a paste composition.

- At this time, the incrganic filler content was about 72 volume$

putting the total quantity of the inorganic filler and the resin
as 100 volume’.

Using the paste composition thus obtained, a dielectric
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composition was prepared in the same way as example 31 and the result
obtained by measuring the coefficient of linear expansion, the

dielectric characteristics and the PCT test is shown in Table 9.

Example 33

The dispersion liquid X-1, 88 weight parts was put into a
container equipped with an agitator and thereto the resin solution
¥Y-1, 7weight parts and y~butyrolactone 5 weight parts were gradually
added and mixed by the let-down method, further, it was agitated
with a ball mill for 1 hour to obtain a paste composition. At this
time, the inorganic filler content was about 79 volume% putting
the total quantity of the inorganic filler and the resin as 100
volume%. Using the paste composition thus obtained, a dielectric
composition was prepared in the same way as example 31 and the result
obtained by measuring the coefficient of linear expansion, the

dielectric characteristics and the PCT test is shown in Table 9.

Example 34

The dispersion liquid X-1, 89 weight parts was put into a
container equipped with an agitator and thereto the resin solution
Y-1, 4weight parts andy-butyrolactone 7 weight parts were gradually
added and mixed by the let-down method, further, it was agitated
with a ball mill for 1 hour to obtain a paste composition. At this
time, the inorganic filler content was about 86 volume% putting

the total quantity of the inorganic filler and the resin as 100
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obtained by measuring the coefficient of linear expansion, the

dielectric characteristiés and the PCT test is shown in Table 9.

Example 35

The dispersion liquid X-1, 90 weight parts was put into a
container equipped with an agitator and thereto the resin solution
Y-1, 2weight parts andy-butyrolactone § weight parts were gradually
added and mixed by the let-down method, further, it was agitated
with a ball mill for 1 hour to obtain a paste composition. At this
time, the inorganic filler content was about 91 volume$ putting
the total quantity of the inorganic filler and the xesin as 100
volume?. Using the paste composition thus obtained, a dielectric
composition was prepared in the same way as example 31 and the result
obtained by measuring the coefficient of linear expansion, the

dielectric characteristics and the PCT test is shown in Table 9.

Example 36

The dispersion liquid X-1, 91 weight parts was put into a
container equipped with an agitator and thereto the resin solution
Y-1, 1 weight parts and y~butyrolactone 8 weight parts were gradually
added and mixed by the let-down method, further, it was agitated
with a ball mill for 1 hour to obtain a paste composition. At this

time, the inorganic filler content was about 93 volume$ putting
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the total quantity of the inorganic filler and the resin as 100
volume%. Using the paste composition thus obtained, a dieléctric
composition was prepared in the same way as example 31 and the result
obtained by measuring the coefficient of linear expansion, the

dielectric characteristics and the PCT test is shown in Table 9.

Examples 37-43

The dispersion-liguid shown in Table 5, 88 weight part was -
put in a container equipped with an agitator and thereto the resin
solution shown in Table 5, 7 weight parts and,y—bupyrolactone 5
weight parts were gradually added and mixed by the let-down method,

further, it was agitated with a ball mill for 1 hour to obtain a

paste composition. At this time, the inorganic filler content was

about 79 volume% putting the total quantity of the inorganic filler
and the resin as 100 volume%. Using the paste composition thus
obtained, a dielectric composition was prepared in the same way

as example 31 and the‘result‘obtéined by measuring the coefficient

- 0f linear expansion, the dielectric characteristics and the PCT

test is shown 1n Table 9 and Table 10.

" Example 44

The dispersion liquid X-7, 93 weight parts was put into a
container equipped with an agitator and thereto the resin solution
Y-1, 7 weight parts were gradually added and mixed by the let-down

method, further, it was agitated with a ball mill for 1 hour to
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content was adjusted to about 79 volume$ putting the total quantity
of the inorganic filler and the resin as 100 volume%. Using the
paste composition thus obtained, a dielectric composition was
prepared in the same way as example 31 and the result obtained by
measuring the coefficient of linear expansion, the dielectric

characteristics and the PCT test is shown in Table 10.

Example 45

The dispersion liquid X~-8, 93 weight parts was put into a
container eguipped with an agitator and thereto the resin solution
Y-1, 7 weight parts were gradually added and mixed by the let-down
method, further, it was agitated with a ball mill for 1 hour to
obtain a paste composition. At this time, the inorganic filler
content was adjusted to about 81 volume$% putting the total quantity
of the inorganic filler and the resin as 100 volume%. Using the

paste composition thus obtained, a dielectric composition was

- prepared in the same way as example 31 and the result obtained by

measuring  the coefficient of linear expansion, the dielectric

characteristics and the PCT test is shown in Table 10.

Example 46
The dispersion liquid X-9, 93 weight parts was put into a

container equipped with an agitator and thereto the resin solution

¥-1, 7 weight parts were gradually added and mixed by the let-down
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obtain a paste composition. At this time, the inorganic filler

content was adjusted to about 86 volume$ putting the total quantity
of the inorganic filler and the resin as 100 volume%. Using the

paste composition thus obtained, a dielectric composition was

- prepared in the same way as example 31 and the result obtained by

measuring the coefficient of linear expansion, the dielectric

characteristics and the PCT test is shown in Table 10.

Comparative example 4

Using the epoxy resin solution of the Synthetic example 14,
except that the inorganic filler dispersion liquid were not used,
a dielectric composition was prepared in the same way as example
31, and the result obtained by measuring the coefficient of linear
expansion, the dielectric characteristics and the PCT test is shown

in Table 10.

Comparative example 5

The dispersion liquid X-10, 88 weight parts was put into a
container equipped with an agitator and thereto the resin solution
Y-1, 7weight parts and y-butyrolactone 5 weight parts were gradually
added and mixed by the let-down method, further, it was agitated
with a ball mill for 1 hour to obtain a paste composition. At this

time, the inorganic filler content was about 79 volume$ putting

-the total .quantity of the inorganic filler and the resin as 100
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container equipped with an agitator and thereto the resin solution
Y-1, 7weight parts and y-butyrolactone 5 weight parts were gradually
added and mixed by the let-down method, further, it was agitated
withaballmill for 1 hour to obtain a paste composition. The filler
of this paste composition was apt to sediment when left alone. At
this time, the inorganic filler content was about 79 volume% putting
the total quantity of the inorganic filler and the resin as 100
volume%. Using the paste composition thus obtained, a dielectric
composition was prepared in the same way as example 31 and a
measurement of dielectric characteristics was tried. However,
measured values were inconsistent and a reliable measurement was

impossible.

Comparative example 7

The dispersion liquid X-12, 88 weight parts was put into a
container equipped with an agitator and thereto the resin solution
Y-1,7weight parts andy-butyrolactone 5weight parts were gradually

added and mixed by the let-down method, further, it was agitated -
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thistime,theinorganicfillercontentwasabout’ﬂ)volume%putting
the total quantity of the inorganic filler and the resin as 100
volume%., Using tﬁe paste composition thus cobtained, a dielectric
composition was prepared in the same way as example 31 and a
measurement of dielectric characteristics was tried. However,
measured values were inconsistent and a reliable measurement was

not impossible.

Comparative example 8

The dispersion liquid X-13, 8893 weight parts was put into
& container equipped with an agitator and thereto a resin solution
Y-1, 7weight parts andy-butyrolactone 5 weight parts were gradually

added and mixed by the let-down method, further, it was agitated

- withaballmill for 1 hour to obtain a paste composition. The filler

of this paste composition was apt to sediment when left alone. At
thistime,theinorganicfillercontentwasabout'ﬂ)volume%putting

the total quantity of the inorganic filler and the resin as 100

volume®. Using the paste composition thus obtained, a dielectric

composition was prepared in the same way as example 31 and

measurement of dielectric characteristics was tried. However,

measured values were .inconsistent and a reliable measurement was

not impossible.
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Comparative example 9

Except changing the barium titanate filler with a large
particle diameter (BT-05 of SAKAI CHEMICAL INDUSTRY Co., Ltd., mean
particle diameter: 0.5 pm) to a barium titanate filler (HPB-1000
of TPL Inc., mean particle diameter: 0.059 pm) and changing the
barium titanate filler with a small particle diameter (HPB-1000
of TPL Inc., mean particle diameter: 0.059 um) to a strontium
titanate filler (HPS-2000 of TPL. Inc., mean particle diameter:
0.045 pm), it was tried to:obtain a dispersion liquid in the same
way as that of Synthetic example 3. However, the filler cohered
and the dispersion liquid was unstable, and it was impossible to

obtain a paste composition.

Field of industrial application
The paste composition and the dielectric composition of this

invention are preferably used in the field of a capacitor, an

. interlayer insulation material for a circuit material which

functions as a capacitor and an optical wiring material.
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Table 10
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10. A dielectric conmposition according to claim9,
wherein the inorganic filler is at |east one selected
fromthe group consisting of a titanium dioxide type,
a bariumtitanate type, a bariumzirconate titanate
type, a strontiumtitanate type, a calciumtitanate
type, a bisnmuth titanate type, a_nagnesium titanate
type, a barium neodyn{sﬁ?ﬁsfi B &P@M?ype, a bariumtin
titanate type, a barium magnesi um ni obate type, a
bariym magnesiumtantal ate.type, a.L ead tjtanate
Liypet BT EadomePr Lot ¢opy iRy jamhd noF protfatd 16T, 2
epbt@natsant ype, a asdleadt ni Ghateain thpepastd eadpoRgnRS U®
i obat e .type | ead _nickel. niobate type, | ead
tRptaiecty b, T T AT CP UM L Uy Srat & (Ve ZRAVETCT &
whagingsiilimyupgsitatie 1§pec o hitheA ah@lactinbeganic filler
oNpOSi t | ccarding.to clai.mQ, wherein,., VW, a
oS o bRl Pl Raplr o B The Prdedarpl toe
tdtdl eronteott b tlet ablvehunseiofy Rhewthormdmise basddron the

ofal.. val idresinis 50% or
t?r%érjjz aangmgSé/?otrhﬁ ggéggl%?méb\&g'ltzlgéét ric composition
according to claim9, wherein said resin contains a

2? her n%_séaatétiengo Séél 9'1021'13 c@‘og&ﬁllgecctor icﬁagﬁr@,p%:ihteirgﬁ_]n the
_accor ‘I g.to c.alm ) erefln Sald resin’is an epoxy
irexjanicldilledils et Lfestomposietlrohedcowndithy gooud ai m
cIns MHIGR €00 NS EOARAUNG havi nga{’}riﬁlpno§9995ﬁa9te
ester skeleton. 15. A capacit using the paste
tEerdsi bR, ot ahrentdim| erhanatec bposia icgdcofmcl Hianate
t@he 9-a HGsmAbh oweaaalaewc@@,g H%a8lel 6y RASLBate type, a
conposition or the dielectric conposition of claim1l
bayiwgn mpydymium titanate type, a barium tin titanate type, a
barium magnesium niobate type, a barium magnesium tantalate
type, a lead titanate type, a lead zirconate type, a lead
Zirconate titanate type, a lead niobate type, a lead magnesium
niobate type, a lead nickel niobate type, a lead tungstate
type, a calcium tungstate type, a lead magnesium tungstate

.-type, and a titanium dioxide type.

3. A paste composition according to claim 1, wherein the
inorganic filler contains inorganic fillers of at least two
kinds of mean particle diameter, and the greatest mean
particle diameter of said mean particle diameters is 0.1-5 pm

and is 3 times or more to the minimum mean particle diameter.

4. A paste composition according to c¢laim 1, which contains

at least one kind of solvent having an ester structure.

- 5. . A paste composition according to c¢laim 1, which contains

at least one kind of solvent having a lactone structure.

73



6. L paste composition according to claim 1, which contains

a compound having a phosphoric ester skeleton.

7. A dielectric composition obtainable by removing solvent
from and solidifying the paste composition described in anyone
of claims 1 to 6, wherein the content of the inorganic filler
is 85 to 99 wt% based on the total amount of the solid
component contained in the dielectric composition, and a

porosity is less than 30 volume$.

8. A dielectric constant composition according to claim 7,
wherein it has a film configuration having a film thickness of

0.5 um or thicker and 20 um or thinner.

9. A dielectric composition containing an inorganic filler
and a resin characterized in that the inorganic filler
includes inorganic fillers of at least two kinds of mean
particle diameter, and the greatest mean particle diameter of
said mean particle diameters is 0.1-5 pm and is 3 times or
more to the minimum mean particle diameter, and the porosity

is less than 30 volume%.

.10, A dielectric composition according to claim 9, wherein
the inorganic filler is at least one selected from the group
consisting of a titanium dioxide type, a barium titanate type,
a barium zirconate titanate type, a strontium titanate type, a
calcium titanate type, a bismuth titanate type, a magnesium
titanate type, a barium neodymium titanate type, a barium tin
- titanate type, a barium magnesium niobate type, a barium
magnesium tantalate type, a lead titanate type, a lead
zirconate type, a lead zirconate titanate type, a lead niobate
- type, a lead magnesium niobate type, a lead nickel niobate
type, a .lead tungstate type, a calcium tungstate type and a

lead magnesium tungstate type.
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11. A dielectric composition according to claim 9, wherein,
VE, a volume ratio of the total volume of the inorganic filler
to the total volume of the inorganic filler plus the total

volume of the solid resin is 50% or more and 95% or less.

12. A dielectric composition according to claim 9, wherein

said resin contains a thermosetting resin.

13. A dielectric composition according to claim 9, wherein

s5aid resin is an epoxy resin.

14. A dielectric composition according to claim 9, which

contains a compound having a phosphoric ester skeleton.

15. A capacitor using the paste composition or the

dielectric composition of claim 1 or 9.

16. An optical wiring using the paste composition or the

dielectric composition of claim 1 or 9.
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