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~ SPECI FI CATI ON.PASTE COVPOSI TI ON AND DI ELECTRI C

.COVPOSI TION USI NG THE SAME Field of ' the Invention This
invention relates to a dielectric conposition which
shows preferable properties as a capacitor, an
interlayer .insulation material for a circuit materia
whi ch functions as a 10 capacitor and an opti cal
wiring material. BackgpeuRerAhirTbR recent years, the.
densification of nmounted circuit elenents is
progressing with the demand of downsizi ng of
el ectronic 15 equi pnent and of inprovenent in signha
speed and c ' & Yoo it ' a probl em
that electrica n0| sﬁﬁ%ﬁoase causescﬂg{aﬂﬂ% error. In

~order to suppre eneratl Qf this electrical noise
and to stably o%@?%? Ut S A | ce, it is

~inmportant to supply a necessary.current froma
portion near the sem conductor 20 device. For that, it
is effective to arrange a capacitor with a |arge

Fiel@gpAcithg 3svengéedupl ing capacitor directly under the

sem conduct or device. Here, as a nmethod of arranging a
caPhtst anveontaopr irefladen MGup_dﬁﬂﬁ&btii&ﬂ@nmpnsdtinm.which

- method of arrangi ng external capacitors, 25 such as a

showehi preapasbler poopdet pss NntRd W I icagakoabd., Haweveriterlayer

in -1 respect of downsizing, it is advantageous that

insudBthbArgaekeibhl ket ai iadded &Qtéffalnﬁﬁlchafﬁﬁc@foné as a
the printed wiring board, to thereby give a capacitor

capa@ibit ¥nh0ahhg EEE?§991¥&£§nQaPQf£Q1|tself and a
nmet hod (JP- A—5 852/ 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
Backbegn éng . However, the relative dielectric constant
gf °t'h Vvﬁposite obt ai ned by the above-nentioned
met hod was as | ow as about, 10 ,t9 20. Although it is
po%%l XS | KERrEdse iR F@Pﬁtlffééa&}%@lﬂec‘?#l E‘Oui?Ged circuit
constant of the conposite dielectric material
elemgBhf i PREITRES LA Yahitherdemand pf dorenreheing ofhelectronic
addition of the inorganic filler, there is a problem
equiphant tavel p6limpnay afiesl tedtrd igreonspant afubsabetity. However,
i ncrease even if the content of the inorganic filler
it id beremseyg avpewkillkken that erlteadfritdad nodegaimerdddd enuses data
exceeds 50 volunme. 15 Furthernore, since its viscosity
errobecareoider Hkudpbraks gengaBiteénti bFethhaven@carhégh noise
dielectric constant is mxed to a resin too nuch, a

and tErYEMUAEHdYA Y S YerBR¥orighctdakibyieeeded. is important to
supply a necessarYICurrent 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
sémiconductor devicé. |

| Hefe, as a method of 'arranging‘ Ia capacitor to é printed ﬁiring
board,_there‘is also a method of arrénging exte:nal capacitors,

such as a chip capacitor to the printed wiring board. However, in
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The conventional high di el ectric constant conposi tion
has been made by renoving sol vent from and
solidifying the paste 20 conposition containing an
inorganic filler, a resin, and a sol vent
(JP- A- 158472/ 1998). However, when the content of
solvent is large, faults such as decreasing heat
respketi Sf alwmdliei iy iesidudvaslageiusatlageneidbird@nic filler
voi ds around its surface were brought about. As an

 is ad@bbad heathh&ViNG e BEgihd ‘i:'ra.r.tn't\é%t gi et 8GtHdLrZOto thereby

constant, it is known to add a . filler having two or

‘glve@rgagéggﬁogfabg P@ytiésl& nt%d Qﬁ&’?ﬁ ebfj%k:lil E? n

factor, to there e relative ‘di éléctri ¢ cons

o =, R LS ST, K e

. neter .of the filler of 5 umar larger as the
in Wﬁt t'elt MK APt F el LB MAmesen aRE RhFed 49 per ipggrlayer

to be mxed with a resin, the thickness of the

insudakiesi 1A bk hediasc oRPERNJNQYE: ot héfowaHaT as thei ckelative

as about 300 pm On the other hand, there is a

dielpgEharquecarttaptan phor gae c cbmploerltwtmbtemgeed by the

particle dianmeter as a nethod of making the 10

abovdimkntipnedconshadt whag ghs Tbe asedlbotiti £ocomsz@ant of a
filler depends on the crystal structure of the filler.
GenetRbhyhSpedl PBssiBOBCES NiMrddy GaRI eethy$tal didbectric
seen such as in bariumtitanate, the m smatch of

' cons€8AteIsOf 1 HE AVolbes i ket Wern dhe- N QB 8pdat heo%talmng the

brings about a large dielectric constant. If th

1norQ§ﬁ§.b(‘fﬁ.l@Ialg§tl'ﬁ r%és@iﬁgfﬂﬂé gE“ld?EEB §HQ|]_I ’organlc flller,
general |y saying, cryst a graln size al so
I a rt.i cle becone
ther%”?é %HQ>3Q§he sgnﬁg rlca ﬁ@?% ]fﬁfﬁ%rgfngaF%ant does not
structure ease n order ,to reduce. e of the
mcrmre%%&ént FRRR 6t Fhoitts LAPRESELOT LI SPgseape. vhen
structure |ncreases because the m smatch between 20 :

e CBAREFDBf - 9F avFRf esinPr9aRiani Bl L teceeds onP0  volumes.
becones small, a dielectric constant becones small.

- FurthpeRefer S 1ndw idiseVésrppé tychreemes ke Hah aérenskpraanic

by using a filler wwth large particle dianmeter. This
filleffhaving a ériegtk aliled eedpréci &bolng tamthasi wikedt anad eresin too
For exanple, there is an exanple (JP--A-293429/1996)
muchj na whathe bauammi 2p &1 tasbientofid Supmoly messdgarticl e
dianmeters is used as a filler, and ethyl carbitol (the

bortd ngopeendidta 202 dR dﬁelt&%i:f@ cors BN tecomposition has
However, since the particle size of the filler is

been | ALAG @:@d t8RovSRECLbh Geatl frRcs AR leﬁaffﬂ.hber\‘:h' S paste

small, even if a solvent having high boiling p0|n S

d t
com 5P S0, R 08, R AR s Wi

(JP- Z%hlegstﬂsﬁ) f?&é) el V?ehrg?::,: Z:ﬁ a(%{étgeli{tﬂazrs%ﬂvent is large,

han i on

acco anle ¥ contraction of the whole -
faults su easing 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‘ha\'ring two or more kinds of
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system many voi ds generates. Generating voids causes

a decrease of the dielectric constant. Wien a filler

with a large nean particle 10 dianmeter is used,

~al though the dielectric constant of the filler .itself

becomes | arge, generating of voids can not be

controll ed as nentioned above even if a sol vent
parth&\llenglﬂe hicghnbekebEBOE P01 g fla% tl&edtoafl%lﬂﬁ)}ﬂméﬁéufélatlve

the dielectric constant was 52 and was not able to

die1@6@Wite @dHae vVakyh- dﬁﬂlﬂlesrs'@zae/lssﬁwceﬁhﬁ 238686/2001) .
15 of the large nean particle dianeter o 15 umis -

d 93429 t

Howeggr%ge 1%51:'%‘1%52 e é%g?g%or‘%&t déélﬁ% y o capacq} a%artl(:le
I Flcn2.. On t th hand

asangfef ity fﬁetr Sb& WEGRLATITF Sor] AES oot apa barticle

t hi h density SiP (systen1|n package 20
a1amgRGF A TSN LSl SRR DR PR FE AU ATt Chesthi ckness
LSI with many termnals is being rapidly devel oped,

_of the fefwos itieeObhpaRel (rowhd ROt ba atfier Shani as rdul ad about

strongly to be thin so that the thickness of this

- -300 pmterlayer insulation material for capacitors to be 10

m or thinner. However, by the conventional technique,

t hen delmansklofr 2B kithgrtchd st hi ekprasqgak 49ipe @i inorganic

t hi nner cannot be satisfied, and it cannot respond to
fillehewieadq afrofe Tﬂ@ﬁ’ig:ﬂé"&ii:hﬁ&ﬂ@hesés 0f mRehodnld I€mg the

mat eri al thinner which has been rapidly increased in

die188kiNd EBﬁsEﬁﬁth%ﬂcesTﬁg eRR1ke tdeV conshtaghelor SHChi11er
as a cellular phone. Furthernore, since - the

depeR@RaG Eﬂﬁ‘i@:kﬂtaal SF?R@EJA}? fof %hlérkl V&L SeG@EQQQﬁEFIO%eaklng,

to the t ness of ‘I nterlayer |nsu ation materia

easin ci tance of a .capacit It
.C°n°¥¥ i B VR RE TR % lflhgahum tftanate,

|nterl ulation materi t hi nner
PRREE EeREF SR CERY LA TERF R IESat Lo
i nportant basic property required in the
brlﬂ%@éﬂﬂaty%rlqrﬁ@%ﬁ%ﬁtrhﬁtcaq%antrheléofé’fer par&aclefdiameter
| i near expansion of resin itself is 50 ppm OC or

- of fildgebecangsi smykky demeyeldy conpasedsryw 4l gr@in size also

coefficient of linear expansion of the netal used as a
becomg s iavg lllaged , ths shofaeraepd xgy odppee k't ippM BDEyomes large,
Therefore, when an interlayer insulation materia

and thle shmeensi sdtnens pwfothe esivstad ysedctaréadldredides in order

stress, such as an interlayer delam nation and a

to reiSEONNRBIGODE e WHLILRO sFEHER. dugr tend heyhid 487 @GRess of
: of coefficient of |linear expansion with a wiring

the L3Y8Ea10R e cotRer: Ranh s nC@eéQ@seZQhEO%&fs&n%'tg@ﬁ Witween

I'i near expansi on can be made low if the resin an
th
contdBAL e Lo ot ihe dR1Rs, BhE, BnBlPRER A dHESs i
m. xed an |nt

dleleé Jr(i! aFonPEaBE %ﬁg&“‘ﬁ&ssﬁ"ﬂﬂ | ayﬁ;?ﬁﬁ g:!:gfl %ﬁe dielectric

constant can be increased by using a filler with large particle

diameter. This effectis remarkable especially inbarium titanate.

For example, there is an example (JP-A-293429/1996) in which barium

titanate of 15 pm of mean partiéle diameters is used as a filler,
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. the value of the coefficient of |inear expansion close

- to that of 25 the wiring layer. However, by the
conventional method, since an -5 inorganic filler
could not be filled into sufficiently high filling
factor, it was not able to |l ower the val ue the
coefficient of linear expansion of the interlayer

" and 44154l ahirBD LRt @HeAbol Didy WRShtheanobhat) i8fuddiaia sdbvent .

| ayer. Disclosure of the invention In V|em10f this

Howe%klUakiaRe EHEO§QEE1&QEOQ£§énOE Ehghfgiféfclé'farge and the
const ant conp03|t|on with a low coefficient of |inear

spec§¥98n§h?ﬁ? geS“Bfihu‘?fze £31 Qr' DLeLhgyer é@éz? f% &Msolvent

mat eri a arge 0 capaci ance capacitors

bui | h d h
hma%'e# b A B BRTPEGH M S GROVELP 9 TYHO WalEREAPS can

which a sufficient thinness is attained. That is,

be c?ﬁFﬁe@rR}é%t]ﬁe&n?tllé’e&Ypégté RBPpbst 10 AnoAtal AV npemperature.

inorganic filler, a resin and a solvent of which .
Thenjofp boﬁeﬁfto‘f%l breakgoeusrahi yHAte auacketethangnigration
that the solvent contains one or nore solvents of

~of thehirels iboknd igiepbiihl ek ndGg@anid¢d Pyeconndaanion of the whole

inorganic filler of which nean particle dianmeter is 5
systpm anamsymaldicls geardatke .t ot@hectotlentvaifdd kauselkvendecrease
‘being 25 wt% or | ess based on the total anount of the

of th¥asi€l60PDSkbheRan2) FMi&REr DT Bar #00hREla PO M rticle
of this inventionis a dielectric conposition

dlamél?éfai?é aldZLd d1NtHARh ItheLNkalde AR cbACEIAR! Sefthbefitier
a resin, the inorganic filler contains inorganic

" 1tse%f| i)géémgg r&gasﬁeﬁg\f’agiﬂ oz_gfvgf A éc?rg c%:ll eb%fc%rétlaplled

I amet er, e greatest nean partic

.as mgggl?gg talﬁlg:lvee di amet%rs solven% %Asge.ﬁg ?"?‘n %%%0361%%@01nt

nean par | c1'e *diSaTeter

. ticle dianeter .is 3. tines_or mpre. Accordin

18 ug‘ﬁ‘?s C\féilﬁ i%rf &5 b stﬁ‘&s§118I18°F61€a§PP§t68FaY’% %2 and was
hi gh dielectric constant conposition of a relative

not %Pi%(ﬁﬂ:PF@“lgéngt%ﬁ¥g%fV%KF?N' Gugihermorgr t féRABrehe filler
since the conposition of 5 this invention has a | ow

of thefflergat Beapi npartégpansiddameltese vd e wm is used
coefficient of linear expansion of a wiring netal,

(TP-Ah2M3429/59%4Gksedthe athiakrezdsybadi nsulla¢i darwet eas ak5 um,
it is hard to produce a fault, such as an. _

therefénd i e ofehel e et WA tayes siOraf. smali SN ey cn?.
of wring, and it can obtain a capacitor which has 10.

high iRl babield hindFuih heFd®F &0 aldd Bykickl WRi 88 hé$nBed in

uni form thickness and uniform physical properties can

the k8 MR BRL1 €a3d ¥hinS Q%éﬁhénb?ﬁt§%f@qls§rst%ﬁbiﬁ‘r&%kage)

capaC| tance it 1s useful as the capaci t

equlgpplfjéc!lt iﬂl Ii.lsgihw.dl.%ﬂsﬁény éﬁfy%en?oryar}l_.élng Gle QXSO LSI WJ.th 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 um

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

making'the thickness of 10 um or thinner cannot be satisfied, and . ~
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insulation material for circuit board materials which
functions 15 as a capacitor. Best Mde for Carrying
Qut the Invention The paste conposition of this
invention is a paste conposition characterized in
that it consists of an inorganic filler, aresin, 20.
and a solvent, the inorganic filler contalns an

it cbﬁ%gaeleep%hhl @b tMOTR JBAT MGy did Bt clifes R the
or smaller, the solvent contains a solvent having a

: ' g f r e opg

U REOREE ! SR Ly 7 iR 1o
. aste. co Eurt her

makiRERHY pehotEnfss T FRNRRE daydas B oHRe S BT Fo 8t ruter
that it contains an inorganic filler and a resin, the.

Phone o ganic filler contains inorganic fillers having at
| east _two nean particle diameters, the nean particle
dl%H%F%?r%@r%he91Pﬁ6r§&ﬁ(F%RQQ%ﬁaWﬁqufhé gepacaser is in
“mean particle dianmeter is 0.1-5 5 pmand the greatest :

“invepgan Rrardrdliiendi berettdye tithidkngssi aimimd@arlayert | thgulation

dianeter is 3 tines or nore. The total content of the
matesdhleninividvhefpistecesipgstapani odnceé B a wapatiopr, it is
‘needs to be 25 w% or | ess based on the total anount
alsoQirédherdlasd @ cCRaReSiid @hickhelss PFf &fy abkyr28yekr%msulation
| ess, nore 10 preferably 10 wt% or less. In addition,
matetidi YeRinp®re i s preferable. Wen the content of the
solvent IS 25 mt%or |ess, generating of voids during

?Pghgﬂﬁof r&ﬂ%wgoeeﬂe% the g lia]%%%e%xpamme is ‘an

ative dielectric constant 0 ectri

1mpo§9gﬂgsb%§. %ggpv\%tg %ﬁlqlr%% Furtherlm%rel:‘laI(—in el& eiatlon-

unt cause nDIS ure

chan of, mat er.i roperties, un
nacedfRbe; e %&&F&%ﬁfa%fé?geanewm&geaesm tself is
FurthernDre preservation durability i's excellent. 1f
50 DR *Coteni2B9eT he 238G viht ¥eT¥ ﬁﬁﬁ@%tﬁﬁlQBmﬁﬁ@$dtW@th the
' void increases at drying and heat-curing processes
coeffirienbwf hineat sdanarion afdhehecEal at9ebag®m wiring layer,
- dielectric constant of the dielectric conposition
for aeempheescnmpﬁanyl7caeeé°clf tHeooivmnt vwiiernt ln interlayer
solvent is less than 1 w% since the content is
insusaeibn ndenislc odiilah apdsiersgentytyf afedihe ipasted, a fault
conposition are not in the appropriate range. in

by stlid] euchasst e fntdiTdyed Fl1Gmiela M bRAr §adi connection

filler 25 becones high, the effect by the

of w@?@ﬂ& BBDEL0ARE. 60NN 1% &8 a8 o0l MRIH s IRBEPESE 1inear
| arge, and in case where the inorganic filler is

8 f t d
eXpalggg&gl g}g%o% M onﬁ{g "E S?f ecteﬁoﬁ%m%&?%:ﬁtgflgﬂ Bince the

coefF:L fgﬁgl lé’ 1|1anreqa.r expansion can be made low if the resin and

" the inorg_anlc 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 -
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As for the solvent used by this invention, a boiling

point 5 of at |east one of them needs to be 160C or.
higher. It is preferably 180C or higher and nore
preferably 200C or higher. If the boiling point of a

sol vent is 160C or higher, generating of voids is

suppressed and the relative dielectric constant of the

inordhgheCtiiGer colRasidi 8@ £8i L iRt HheiddtiPRigh fil1ing

oiling point is lower than 10 160C, since the speed

| factegr, tih_ew\é_glﬁéy 'bé/.%: I;]QriQQ-IeII Eﬁew]ﬁ.%ni:hiesccgé%ﬁkcient 8tf linear

e conmponents cann

densification e mgrationt

fallow spee and.voi ortion increases, and_ the
expap; g4 e RGP sHEb AR5 ke AT B2 S S ned eae
gonBosLtion is likely to decrease. Furthernore, as
of thg WiRdngofIERT used by this invention, it is 15
preferable that its boiling point is 300C or |ower,
and nore preferably, it is 280C or lower. If the
boi I i ng point becomes higher than 280C, the renoving
Discgepyratohuthepéndentien an el evated tenperature and
the el evated tenperature deconposes the resin thereby
cals vigwao T ebliisnel ofatiwn dieleecian to cbasdct @ high diselectric
etc. 20 Furthernore, if .it beconmes hi gher than 300C, |
consgefonpapds DOiOh wikh 4 eowncbeegieigheaberl andat hexpansion,
mechani cal strength decreases. . Al though the sol vent

and USEGHR, thHe RISt encoPPRyet | QRs0f althos 'Iﬁ‘é.’@é‘fi&?f ¥BY 1large
consi st of one kind of solvent of which boiling point

coosbpe B Sogilatery, 5 L0na, g8, Ly L0 0L e

g point IS or gher,
: ntain other solvent. -9 As the solvent of which -
imvefGlof i Bt e EObE-5hioeye PAdEin apcdBloat wiring

I t , hy| | oh none, diisoputyl
mateRLRbntt Moriyl o pHERyTS ke bridrs Gt i RURe D,

y-but yrol act one, i sophorone, diethylformmam de, L ‘
di Tﬁ‘%‘h)}lsacébéﬁi HeVenGlaqn & A\RFFFe F@GFe t1on containing an

) y-butyrol actam ethylene glycol acetate,

1norgamet Hobdl e neét Wpisibuaafod amkvents ofcwhach boiling point is
3-nmet hoxybutyl acetate, 2-ethylhexyl acetate, oxalic

160°esoerisighiet hyhanet bemat zed nad erhiat tEHst esslveropydereins one
carbonate, butyl cellosolve, ethyl carbitol, etc. In

or mdis Sdlweents of, whhehsbbvehhg gesirat nisng 68t cestrehigher and an
structure 10 is preferably used, and a sol vent

inor§OiM QIfALNG oot AHIVMEMSAH YirHiR 1 d §i8MECePrief 8naAPLe smaller,
The nost preferable solvent is -y-butyrolactone. The

and 09 | N PAUMN oSt Nehdi Sod WA O Sd NP I1hs basea
poi nt under one atnospheric pressure, i. e. t he

on tiRE SSHUE Alodyr Gt krt 1 & N Mmoo i O the

nmeasur enent bor I 1'’ng "pol nt ca ne by a

SRS | SSHILC B0405 10 ST Bl ion 1e 4

. . the boiling pgint meter of Swetoslawski. Qher =~
dielegtiknt §° 88 1ith Ofhi SRR T HAEL at RapbPdbr ildt efynpains an
] chosen from what can dissolve the resin. As the
inorggpientiliesr ax@npl ecesin, 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 um and the greatest mean particle diameter to the minimum

-6-
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met hyl .cell osol ve, N, N-di net hyl f or mam -de, net hyl

et hyl ketone, 20 di oxane, acetone, cycl ohexanone,
cycl opent anone, isobutyl al cohol, isopropyl alcohol,
t et rahydr of uran, toluene, chl orobenzene, -
trichl oroethyl ene, benzyl al-cohol,

met hoxynet hyl but anol, ethyl |actate, propyl ene

-meangbxeehclaoaeaﬁtae& §Eh§rt§1ﬂgs'8§ Aggtate, etc. and an

organi ¢ solvent m xture contai ning one or nore thereof
?‘fﬁcc02§1ﬂ§e{f'&:ﬁ*}'sy ng‘iitle{l'o 1’%5 t.s s¢‘ A0E Q:fo Eggll obtain
|norgan|c ere are a spﬁer S ape or i e
ipse_s i cal shape

a niphifcBlcEl LPREEPREL' CappRefRen' %?ca “Rinkite aserectric
gherlg shape or the like is espeC|aII¥ preferable

consgaph Q %%é’rsﬁﬁgﬁltﬁél s‘f"fé’f)“eh%r%‘?r?heg’ﬂq?e hescpRRosition of
| east specific surface area, it is hard to cause

thistjpverelendias 4 lowhenchfiilelert ehd inesm expsnespancbpse to
lowering fluidity of the resin. One kind anong these

the ceefbbciert &f dismearhewpansionwof oz winrigkimedslpayhbe it is

m xed and used. In order to achieve a | ow coefficient
usedoés | amentt expayst dmesaricht ith amahiegtianel dtti ¥e@ Haedetsd rpxoduce:
constant, it is preferable to add these inorganic

~a fddld,ersutp the sesigxrwltibthiogh héthéag hactiey RA@ewrdCor a

resins generally used as an interlayer insulation

| dlscgﬁﬁgét%nh@few@rﬁ%f fdrfd et @h lo!b@.%@h 3X9§E§b990rf@ﬂ1ch has

exanpl e, 30-50 ppm Cin case of a pol yi mde, and
p at 5 of
o P L, S R £ S AP o
ffICI ar. .expansi on g .
i8S n Hon Do SRR SRER0 Bled i BR0cPEp Ehog Slotay.
de rease their . _coefficient of |inear expansion b
Sincg; @?Wg 5 SHGPEAR COFi 795 FRAFEI N, A iepiseTul as the
di el ectric conposition which consists of 20 the
capa?h%?ﬁaﬁPcbﬁIhqﬁlQu&Pthkﬁ#e@?%31F%eSF8IQFl@@ an interlayer
di el ectric constant of the dielectric conposition

insu}akiensmaberhel chPrut B¢ wht florardanarey hat$ orhigh tfinctions

relative dielectric constant in conposite, so-called
as atbapdofberthmic mxture |aw (1)

( SERAM KKUSUZAI RYOKAGAKU ~ NYUUMON ( QUYOUHEN) , Uchi da

Rokakuho Publishing Co., Ltd., which 25 is the

Japanese translation of WD. Kingery, "Introduction to

- Best -Mda&ef &R €srry amgle Ehd | Bvendb) Wley & Sons,

Inc., translated by Kazuzo Komatsu et al, p912). As

t hﬁl&ﬁﬁ%@@tc&ﬁpdgﬁﬁ:ﬂﬁpéﬁ%@h% ﬂﬂr ftio sce!:]pQQ%eacJ}hﬂbltlon

' dielectric constant | ncr eases, e relative:
onar SELEELENS LIRSS Sl S8 S0 LR PR, 5 renin

di el.ectr.i c .constant of, c . . . \
and a solvent, %e S:'Lnorganlc %nRTer contains an inorganic filler

whose mean‘partlcle diameter is 5 pm or smaller, the solvent contains

‘a solvent héving a boiling point of 160°C or'higher and a total

content of the solvent is 25 wt% or less based on the total amount

of the paste composition.

Furthermore, this invention is a dielectric composition
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Ei: relative dielectric constants of each conponent of
conposite 10 Vi: Volune fractions of each conponent of
conposite. In order to nake the resin contains the
inorganic filler with a high filling factor, it is ‘
preferable to mix and use two or nore Kkinds of filler
~of different nmean particle dianeters. In case where

charkbtetikieldl €4 %wltthcenéaiherarpfm@r@%qcpeﬂief s &eresin,

if the filler 15 is spherical shape or the |like and

‘the Wﬁ%@gahlbsf he?dcbﬂtg?ﬂF 9ﬁ8§ Aie %EQT@?é FhK?n&oégsleast

are generate bet ween | ers, “but ot ers
nnot S i ni. Qﬁse \Y Howeve if t
tWO?“ |s Cslr‘raal an tgtehesf%eearbfp?]ﬁtelse{?/ocili] metefr of the
enter into these clearances fgréher

inor?ﬁelif:i Jr%ﬁrf“ﬁcttkahEa%r%t‘?%r“?ﬁ%’eBaEE(éFﬂ- W?‘}Fnﬁ APs0-1-5

i nvention, regarding the inorganic filler contained,

- hm and ltélepro-éﬁf@rtéﬁte MeRR R IR T R RI T Hat BERITWE mean

mean particle dianeter of the inorganic filler which
varthgdet Hdagesgreds Reshmepapti bpeedi amet er and the mean

particle diranmeter of the inorganic -12 filler which

ha$he hieo tna hicrummemgan £ pigh ¢ iscllereditaiet ehe irmsde kamgesiason of

possi ble, and it is preferable that the greatest nean
thispifivést Bon deadhi €6 b 2N tR O NMEBTBABeladh I tHeE total amount

dianeter is 3 tines or nore and further 5 tines or

of tHBrBastt EBRpEE{ifesENCE t Bld Rrick 3 MBIy, 20NGLR 8FBILss, more
filler cannot efficiently enter into voids between t he

prefle?ﬁggy ]fd Lllt@rér lgﬁ t heII‘PFPﬁ? F?Hd’l hE%tcHeinffafl%r P&ferable

ratlo i's Iarge ers are apt to cohere
a S Y. creas
wneat Pl bSRPRIPREF' e MO e B VA BRargbpr pRRPT e of
ot by S 0 e BT 2 L e
preferable that the total volune of the inorganic
relaFH"Pe‘Fl%}?ﬁWh‘é Gk Oﬁéﬁep%%ﬂ%q"'erb‘? SRR ifd ogngan be
the total volune of the inorganic filler with the
madenh igkumbrsdih gramane| eigrandiepmgundapifsteds (wigshkcan cause
Vb/ (Va+Vb) < 0.5. That is, the ampunt 15 in vol une
mOlStareouptakhelsnamhliLIhechasgprefemabéylsﬂﬁpronere1amdunder
| ess than 50% based on the total anmount of the
the é&ffketsof Imoiasere afnd essdihamrb¥%e tee rebhkedt. oFfurthermore,
entering into voids to increase the filling anount is

presBavdtyoAcQriraed1iaRd id eR8€10EnALI € Hthath§0%ntkhe of the

vol ume occupi ed by the small filler becones |arger

olvEH@Q themdQevends @%d%d%/tﬂﬁé|¢H£HEfﬂéﬂéﬂséﬂ“ﬁﬁrﬁ&ylng and
fect of increasing the filling anmount by mnut ual

- RS Sy AT e

ven 0 nor e

 esea P A T S sl BB e

cases. If the content of the solvent is less than 1 wt%,,since'the
content is small, the viscosity and homogeneity of the'paste
compoeition are not in the appropriatelrange.

in addition, as the filling\fadtor of Ehe inorganic filler

becomes high, the effect by the above-mentioned content of the
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, 25 effect of increasing in the filling factor by

- mxing fillers is -13 acquired. As for the inorganic
filler used by this invention, it is preferable that
the inorganic filler contains at |east two kinds of
inorganic fillers having different nean particle
dianmeter and 5 the nean particle dianeter of the

solveRer Babbfieki 1h84e Ofadde: Proai LS JRARNRAR hbEh8nic fllﬁer is

dianmeter is 5 pmor smaller. Mre preferably, it is

contQth% mkbﬁ%r ﬁgges&f the %&ESEEF&P'% b oalst el ?cgrﬁgﬁltlon, .

I't1on, pm or arger i's pre
: a IS more refe and 0.3 pm or
the FE?SSF P?"éﬁ i) ﬁg?gtﬁP%fé?aﬁ? LELSERYLFaR0E, O,
ca acitor of a thickness 10 ,pm,or thinner is
But®l ERRISRLERS rﬂﬁegﬂa t?’HSI ePVRRATEATNaE PRLLing point

reatest nmean particle dlaneter | arger than 5 pm

of al’sﬂﬁeétt%e pf 1 tham ngedpitolpe 368°6cer 4 ghgrt.i | it derpeEglerably

: it'is difficult to obtain stable dielectric
180°€Erer hévberstnd zoreprdiceratiier 2RAAE, omhéghele nkfithe boiling
particle 15 dianmeter of the inorganic filler which has

pointhefgreat@isternteats pa0eECcbe Higheter gene?apingr of voids is

smaller, the filler in the filler dispersed liquid
suppeaBBell seditmNtregasiilg. AFYIEBEEIBI@naiait bifeth8b@lelectric
- particle dianmeter of the inorganic filler which has

compBBQtlgﬁe@éﬁsﬁe WRale Bahi.cl £f d&l?emﬂﬁrlj!rﬁ_; bAMOks 1ower than
smaller, the filler is 20 hard to sedinment for a | ong

160°&erﬂr§§§ﬁgg%8$@aﬁo o?%a‘%h%'%gplgé@l% ogaéﬁé’@&lp%rét is qulck

restricte even It 1s 1 nten
dens 81800480 "BY °Lh8 mib 10 Qéﬁhnegkgééve.g'glqg“%%% cfollow the
t n 0. the cryst al st.ruct e tend
speefly ByfnEPiAe RO oR SE e hee e TR (A Lt Git fpetric

that filler is large, and a high dielectric_constant

- conspARLeoifs the digtrii i SBRRPREHCRNASE Rdked usss derrease.

relative dielectric constant of the dielectric
Furtherpesei i 66 tlordddreasselvent tyeedgbratids meyention, it is
particle dianmeter is 0.2 umor larger, filler surface .
prefarablbetbets idmwaldoidnad tpaimthaisl 86080here liowerf,i ldmst more
di spersed 5 paste and viscosity change is small, and

.~ prefaehabher kneadi pgpecdbspeoseng NDf tloathayl Pi@aesiaigecomes

can be influenced easily. Furthernore, if the nean

high@ardial esdieanetes r@imdviied 861 9gant Gmidd ho%rdoﬁ@laQ:haﬁaéLevated
the greatest nean particle dianeter is 0.3 um or

tempbPhffFe abBCAYRE é’fexH\?ec‘ﬁ%éfn?éf&‘Ehi‘el ﬁ'éQ%meEfe@r RMeE resin
rati o between the nean 10 particle dianeter of the

-therélgf gfl# (]é al'&rcil“f@ %tf 'Eﬁ% &ESIQE%?E?SE%EPE@'@EIlSl%lCS etc.

aneter and the nean partic I amet

iller . which

Furchifokfo o AhceeroREh R TaRBAD 19841 AR RAen €f the

not i nfl uenced.
resin ecome greater and the mechanical strength decreases.

.A-lthough the solvent used for the paste composition of this
" invention may consist of one kind 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 cohtain other solvent.
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Furthernore,. in this invention, as for the nmean
particle 15 dianeter of the inorganic filler which
has .the mininmum nean particle dianeter, 0.01-0.1 um
is preferable. It is nore preferable to use that of
0.04-0.06um In addition, since it is necessary to
take the difference ratio |arge between the greatest

MeAs PRéts61eentl Bl cRNBoiNengl pbine 1B als ot t b8! Bigher,
di aneter, the inorganic 20 filler which has the

mesuﬂ’gméﬂ'ém ”Eé@t@ﬁ{rih&é@mqéaneﬂl@E 'J]ey!:;golggxaﬂtgﬂ@er | dilﬁobutyl

osen fromthe above- nentlone range dependi ng on

weroflse ity (BRRRPN bt MR RLL A AL squectone.

m ni mum mea rticl e di angter the | arger he ,
1SOPEPF?B?ence rati @%ﬁ%ﬁ¥%ﬁ “ﬁﬂﬁgﬁbartlcle d$ﬂﬂ% %%etﬁmlde'
the inorganic filler which has the greatest nean
N-mephylp¥reocligone anytdntyred agham.t hethylene g glycedr @%mtate.
' be increased. For this reason, the nmean particle

~ 3-meghewet 3rmethy hdutemeganh@ iftis acetabe ¢ B-medborybutyl acetate,

m ni num nean particle diameter is considered, fromthe

_2-etpykhexgbleceaage obxamecwewmqnﬂw|dmeihyxﬂmakﬁnaﬂe1rmﬁleric

inorganic 5 filler which has the greatest nean
esteps/ propyldnd Eatondtef buablielmdmr v ,. étm@rarbltol etc.
~ smaller and nore preferably to be 0.06 pmor smaller.

| f1d kit dAveatibe! el QGQ%htoéoﬁf'@lﬁﬁQﬁ Festbil é@fucture
whi ch has the m ni num nean particle dianmeter is 0.0

is pPé‘Eé’faﬂ)fiF gfgt%% I &P e 89 Y ent! Esptgiﬁﬁgésé nﬂat%]e ﬁ]@rgtf@cture

_ OCCUF sperS| on sta |ty past

is mage ?ﬁ%g'?ﬁ%%%ﬂfr fosk nantarane PALVeRE sk "eféxe#lamne

article di mor. lar er si_nce

The ét:’dﬁl?a??legh te‘%r’rnoghi-ﬁ ‘F g0 it 5’81416%891% under

hard to occur, a cohered naterlal is likely to be

~ one atRpspharniq PresSYres #i spertle PIBSRNmePENEROldf <t 5 N/m?.

nmean particle dianmeter contained in the paste
Althewslp dbethensurringiieofiibg iddmd poédnhes b¢ donefby hivell-known
i nvention can be perfornmed by XMA (X-ray Mcro
techihahe zg1d itedsuneteedperitally dinismiitsxi ,0i+ ehacbe ameasured by
m croscope (TEM observation for the wultrathin _
usinggctorexdple j stiobtmiTechdpsitit ingetito SWikltoslawski.
section 20 in the direction of thickness' of the thin

fidvRd0gmRGantd usha idi Eh@gt §hGeRPIPRSEAA %pl%ﬂkcfately be
thetransmSS|V|ty of an el ectron raytot e

chos#r{‘??;gﬂmﬂa %ﬁ%ﬁs%%q.vtehﬁlé 2354 pdi figftﬁeg l{l?,E%leE'e%ample

er an e resin are discrinmnable in

woenfUIRAIY T B S ERRRTEE Tk G525 AR ot

nore ki nd inorganic fillers -16 are used
asondif, BoeBhBor e R, SR rEoBisei o g =1 conol.

measurenment, and crystal_ structure analysis b
isoprApsek V&‘tquﬂqulf, tetrahydrofuran, toluene, lorobenzene

trichloroethylene, benzyl alcohol, methoxymethylbutanol, ethyi
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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el ectron beamdiffraction. Thus, the distributiaon of
the area of the obtained filler and the resin is
deternmi ned by i mage anal ysis, the cross section of
the inorganic filler is approximted as it is a
circular. and particle size can be conputed fromits
area. The -evaluation of the particle size can be

peak oF e g olehehEEMbPBER: ¢ Ofli‘fegf” fineatd @Re 9f spherical
5000 tines and 40000 tines. The cal culated

_ shap_g' %tr“l%tg 'Pﬂ«?e of ﬁhglﬁﬂo%b %'r%.%a'ln rl]'%% &, '\%] &%%%Le—llke,

I mage magni fi catron 0 tlnes a
L mage ag Lcatign f, 40000 ti pes are expr
tabu%??h‘%% Ea ?égran1oP glf%ﬂﬁtnnt NG Wi-t K tﬁgerlcalShape

hi st.ogram of 0.01 um unit spectivel and

or tl&%ﬁﬁ?‘% l§a?~°t%e‘b]fa]t]ﬁépae£§§aﬁ°ﬁ %ﬁc??%ﬁlfé}?cﬁpi‘ﬁc‘!?\%&al Shape
the maxinmal value is considered to be the nean

or thadike kagitdfel epstispasi i1 surdeertarr. idoredard to cause
inorganic fillers of at least two kinds of nean

troupipet BEkh disanwhen' addeds tichdthe herssitar ecqhes iom nor elowerlng |

maxi mal values, i . e. , there are two or nore
fluidakymaf vheuessin.t heaking|amorsy zeheisteabube omsed alone;
the inorganic filler contained in the conposition.

‘howeblere, tR6 an eyabURLLAS MRyhoe Afxearinglessize 20

di stribution, a scanning el ectron m croscope (SEM nay

berdsR@er E§taQﬁ'ﬁeQ;e FEN R ddie idhevwe- H?rlt:drfgheld e#BhhR90on and

Furthernore, as other nethod, nean particle dianeter

a hl&l@'}eti%.tl%aayé gcpi‘lcmﬁﬁsﬁ}% h%@!@%@&f%f&%a to add these

scatterlng met Od In ‘uct uat i-on

: .iﬁorglgﬁﬁct:effglerghEOb%hé h]?e SWnTl,@l[f @0%1;11 Plf:[ln? f?ﬁtor

and T ectr Or'estr’s
scatterjng nmethod -17 in which the Doppl er effect of
ST T SRR GHOSHRN e SR F BuinceriaySE ifsulation
el ectrophoresis.. of the filler is neasured. As

matepial have 8iCRRIRIRHIUPE diil 1RAL BFPAYSHRRT debFXaRRle, 30-50
| aser diffraction and scattering type, there.are, for

ppm/ 3¢ aip| @ase 2D 2 Py indreBA andrno, pgAYPC1 egogskater in case
Shi madzu Cor poration and M CROTRAC- UPA150 of NI KKI SO

of arC@poxy deelact rAktlchalachesiesaresvely iksorgganisccbinbheed with
it is preferable to use an inorganic filler with the -

the godfftiicderd ef ediindar egkpastanh of a50i B0PGheds1 t Her example,
inorganic filler having the relative 10 dielectric

17 ppalrStands ofcoppRid, er it hajedhds Pesdibdedite] eabbirease their
conposition wth sufficiently hlgh relative dielectric

coef £085L@0t o CAIVNOL r B8 O & N8 dyy Qi £ N6y A efndafithi @ritter.

inorganic filler wt the re Xatlve dielectric

R
L t I t

tne iflgPaRRYE Lot OB A st~ R T WOPGRAEE (FF s tant

of tgere Jtreans the relative, dielectric constant of the

B tEr T T CEOTRR S P b OfdQPng© the calculation for

I'S neasure

‘determination of the relative dielectric constant in composite,

so-called the logarithmicmixture law (1) (SERAMIKKUSU ZAIRYOKAGAKU
NYUUMON (OUYOUHEN), Uchida Rokakuho Publishing Co., Ltd., which

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

-11 -



10

15

20

and firing the inorganic filler as raw materia
powder. The relative dielectric constant of the
sintered product is nmeasured 20 with the foll ow ng
procedures. After mxing the inorganic filler wth a
bi nder resin |ike polyvinyl alcohol and an organic
solvent or water to produce a paste-like conposition,

Ceraificks $étded RiPLEI8" 2 Jodldl RE189! &iskhdevinge., Qﬁ}ﬁnbiated by
dried to obtain a peIIet-Ilke solid. By f|r|ng t he

‘ Kazu%'ﬁcﬁﬁaﬂéd‘%tsé’i' do1bqr examplee engfceﬁp%‘ft tl?QQLéQo%%% ‘iﬁz filler

5 the binder reSinis deconpos and renove
n nj Cyb k! 8 [ intered pry
wnich ﬂ%ac%nsﬁéb Gt ‘#ﬁ.cﬁot?%%%?%ﬂt {RSBRERES L amieretative
, .obtained. At _thjs t
a1e1§RtE1E° oonraRt o thudine s URAAE ERoug
porosity calculated fromtheoretical density and an
incrgagfdt Iy neasured 5 density to be 1% or |ower. An
upper and a lower electrodes are fornmed on this
sintered product pellet, and the relative dielectric
constant is calcubg&fd fromthe measurenent result of
capaci t ané@g &ndF al@&sijon. As &l ) nor gani ¢
filler, there are 'a bariumtitanate type, a 10 barlum
zirconate titanate type, a strontiumtitanate type, a.
cal ci um titanate type, a bisnuth titanate type, a
magnes t|ta bar.i u odym um,titanate
- tyge Hﬁ ﬁfF*&gﬁb gnﬁiﬁ@ql 3 Eﬁppﬁﬁlﬁggne3|um
ni ghate t , a barlun1na nesi umtantal ate tx
Ieﬁ&tlY%ﬁghiy?yﬂéelﬁcFEé FNSIRREE tYpetag |@g@ponent of
2|rconate 15 titanate type, a |ead niobate type, a
I um ni obate type, a |ead nickel niobate
a lead tungstate type, a calcium tungstate
y%e Volung feapiesonma rﬁgﬁ!ﬁhat@mwn% af] teamnaaite.
d|0X|de type, etc. A bariumtitanate type is a
gehepirderabe nakd thengedire coadlaidssthetiimrganichf i3der with
bariumtitanate as a base material in 20 which a part
a higf fihdielgefacteri, si®ubs prefleedbiler tothe: alE et tw8 & more
“bariumtitanate crystal or other element intrudes in a

kind€ b¥st 21 16 b il SardiftemsaiH LA DR d@hfletersachiPtase where
other inorganic fillers, a bariumzirconate titanate

it J.st ¥P8108 v HORhi ¥Pil1aN3E &R partGahei 44Bd | t:l.%n%ngs'i.ller

type, a bismuth titanate type, a nagne5|un1t|tanate

is spil.x;ggrt]:a eﬁ?&[}}%é’@r.n%g lé'%rtl(li %%%t ft Xc.p?ilf ar I #n'gfl (ﬂaéls:r,ty,

a rum rmgne3| um ni O at e

is_necessary that .the void
ﬁogﬁasil.ﬁéon obtalned

snondff ARIRIGE 00 BN LELR LR oS00, LR

a |l ead niobate ty a | ead nmagnesi um ni obat e

Cannq‘%p‘alte% bRy Hhese Vot “g‘-bat @W@r a Yedda ¢igarafdller is
type, a calciumb5 tungstate types, a | ead magnesi um

smallem§seat e piee afidhess vaafiamitd cari erstipenteadinhethese
are al so generic names including the solid

clearances further and the filling factor can be increased easily.

In this invention, regarding the inorganic filler contained,
it 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- -
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- solution which are used as base-materials. It is
especially. preferable to use a filler which has a
perovskite type crystal structure or a conpl ex
perovskite type 10 crystal structure. Al'though one
kind of these can be used independently or two or nore
ki nds can be m xed and used, in view of dielectric

filieRawAgtar haki efe minhﬁumﬁéaﬁfF39E99i8 0EmbbPEr is as large

inorganic filler which has at [east two kinds of

as pgééiﬁigntarf@qrt 1Qa{3§:éfgfag!l@n§ﬁ§{ é e Q%s%a an particle

_ chem cal conp03|t|on In 15 particul ar, en obt al ni ng
diamgtglrl:. (S?i%}léé gnolngtm%}sh a%n %ch%eba+ an%g r.eI %t It:1mes Oor more
rcial convenlence ferabl e to use
and £FERER G SAPER YRRy cbhoiis SL6E BARCanTE P gnall, the

However, in order to inprove dielectric

smaldpgl bkedainats eERAUCE BRPLY ATGRE 4040 YPLGS hetiwaan ghe large
20 addition of a shifter, a depressor agent, etc. may

fillpssadday.thas Oﬂ:blerplfi@@@cthfoﬁh@eﬁhéﬁeﬁencheram ganlerge, the
filler, there are nethods such as the solid phase

smalieéamharsnﬂrmdapth@ohwmmﬁﬂmnanﬁ ispntdisges miptchositability
the supercritical hydrothermal synthesis nethod, the

- .decreakegel Pt decessefardbldehaxal aties petiioths A% 1dws and further

production 25 nethod of the inorganic filler which has

10 tihesgbeatiest . nean particle -20 dianeter, it is

preferable to use the solid phase reaction nmethod or

t hegn O At :E’i?tll?l%q"gjaﬂl\é' %ﬂ.f r igh L€ ll%ta's\(:et\gé e ﬁtﬁélctlcle

constant and quality st ity. Furthernore, as

diamQEQQECtiénls Egggr8£ etﬁF é@@ﬁg okglflliéhe:MF %He fﬁbrganlc

m ni me an par- er SI nce

: fllltegé')e&\ua g the ar%’éegﬁl,tgﬂsgl Ze %r}agb.:%lﬁeglgmﬁgﬁ rablg the total.

supercrltlcal hydr ot hermal synthesis nethod or the

 volumg| ofie|ths JARKISTNS thil} et i BLER the FHergam M93n Rarticle

and the resin contained in the paste conposi tion and

dlam@h@rdﬁeﬁeéﬂﬁlfeeéo%p@%ﬁtVbh('t§<f1+‘tfh} X 016 .i MVeat iign, the amount
is. preferable that the ratio of the inorganic filler

in vebum@erayne off tite tsordll Vdldew ék phefemebdsnbt 6 |here and
and the total volune of the resin solid, Vf, is 50%

less othamr 0% rich S530a@r Hhes Tothlr amomnef erfakbhy, filless70%n case
or nore and 90% or less. At 50%or nore of the ratio

of 1&¥s tthen Bar gené effiddiebs Yhtesuhfi Thehtdoidy 8B increase the
relative 15 dielectric constant and a snal

£i11£Refdh&henti il LXRIBS QRg @hecggteab.@eﬁore than 50%,
Furthernore, at 70% or nore of the ratio of the

the ?Qf?ﬂ@négc%blégr?y\@hetgﬁhf{fffil&?' Iﬂganete | Ghan the

er wt east two nean particle

- e re bIe elatlv dielectric
-VOldgdﬁé |€Rob a| dgngk tﬁ%r andﬂziﬁggﬁﬁprGaSlng the

' of the i norganjc f|IIer cont ent, ,.a void
flll’g%?]e?r&??rbﬁ by &y :t hjemé%?fp‘?%ll?‘?‘b‘?f“%%r?%lhepr essed

and a relative dielectric ) :
Besides these large and small fillers, a f:l.ller 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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constant hi gh enough can be obtained, the noisture .
uptake resulting froman void is small, and physical
properties cannot be easily influenced by water or
moi sture. Furthernore, when the 25 inorganic filler
content Vf is 90% or- |ess, the degradation of the -21
adhesi ve property after PCT (pressure cooker test),

acquilteah is a durability acceleration.test, is hard to

occur. Next, the resin used in this invention can be

Chﬂ§eﬁo£rEbeQEBr?QﬁléhfiﬂPQ£a§Lé8 ﬁydtﬁbgyf%§§ﬁ 188, it is

resi ns her rmp astic resins ene

Pref%&*?% tﬁgkygﬂgnyrhfpiar?# fflq.el 1p0|o\f1 L her Slejl.ltf ﬁ?eaSt two kinds _

ether|n1 cry
ot +fRedShLE PR B Hi g s f%pﬂr?éx%%%i'ggrwi afameter ana
exanpl e, besides 10 an_epoxy resin, phenol resin, a

 the B3R pARE oS Aiagepgryehitde 1§ﬁr§éP9F|%1¥%ﬁﬁr9f ghe greatest

cyanate resin, a benzocyclobutene resin, etc. resins

' meang@'ﬁé‘ﬁhﬂ? djeame tesr 18n5 mgmrasmngleayermwe onefiemeddy, it is

"wiring board can be used. In view of such as sol der _
2 nmtbersmdllesistdnde,l]l imores ppredfegradiilye itoigse um or smaller,
t hernosetting resin and an epoxy resin is 15

In aédpetobnl | §. pnai el daronpemiferapiehaad beatphudt NParger

shrinkage characteristics and viscosity. Here, the

 is mEPOYrdBSdblS add 8SBNuMhb £ £LHUAIIRS s’ iDL CROLY BFeferable.

having two or nore epoxy groups (oxirane ring) in the

Here”qﬁ%UEQFac§E5k'céf”ethﬁékﬁ@ &f Wﬁfﬂ%ﬁ/% imnlelr §8 produced

preferable to have a 20 blp eton or a

ﬁsinghg)ﬂCllﬁB?agﬁ_dLl e%ﬁ&i‘é@' %an_%hl Mha gq:"i{ % atq:esctt mean . %article

aracterrstics urt her nor e, aln curil

| amm?eé.@;l% B S AT 2205 et rosece on

tr|a2|n conmpqund, a naphthol conmpound, etc
LS SRR $Rer br els | 81FE15P5 ﬁﬁ%s?BF%l?osiébéﬁﬁ %;electrlc

curing accel erator, such as a netal chel ate conpound,

_CharéﬁEﬂrl§21§§ trﬁBheth sHideghi hande WaeA nilRzBean: ygarticle

compound, and tris (2, 4-pentanedionato) cobalt. The
diam@h@re°&mﬁk@iim@mg@miQhEélﬂﬁvemﬁﬂnhiha@bthén@dd@¢est mean
' di spersing the inorganic filler into the resin. For
partexbapfitameterbiss2ppodocedmay 1tehre netchdd 10feraddi nghd hdiller

inorganic filler into the resin solution followed by

‘aiSp@isé@gla@ﬂiaji SPENSt Nge@imbyt t BEs1 B - doWy tHEM L WhiKdh the

prepares a dispersion liquid in which the inorganic

meanf phh@ichs dHishRsRd én @héwﬂﬁﬂ%?%ﬁ¥¥\@Hﬁléﬁfﬁﬁﬁéﬁn%as the
and m xes the dispersion liquid with a resin

greafObttdh p%‘irttl*éqfe”BESmeﬁzgﬁ 19 I'Fihp%‘} %a%%?erﬁhggfwfer is

I norgani c ler into resin

_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
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solvent is not especially limted, for exanple,
met hods using, such as an ultrasonic distribution, a
ball mll, aroll mll, a clearm x, a honogeni zer,
and a nedi a di sperser, can be used, however, in view
of dispersibility, it is preferable to use a ball mll
or a 15 honogeni zer. At dispersing the inorganic
hardf idd ebe bBaLHEH, ! QrdERYE HL888T ¥l l4dMar BrsUgi8EEctric
treatnment of the inorganic filler, an addition of a

cohsg.fhﬁfeeréﬁnkheaqii@cgctﬂﬂ oéoﬂpégié%ﬁa'yok&%c diLion e the

g
a solvent, etc. nay be carried out. urface

oreatbERIEN O L0720 LAOLOB Lol iby PERILES il er surface

by “vari ous coupling

sjlane type titani umtype and apn al uni numtype, . b ,
areazbedphesyiret frdylh Thodibite cabede, thecti Ll PRetdpersea
are also a rosin- treatnment, acid treatnent, basic ]
paster AfGe Nl SCOPLLYFUFRMRIFDIE 8Balhn authpreisher kneading,
. addition of a dispersant, there are dispersants which '
dispgEshage RY dcgroipy erdressplsphor ike adndlugnced easily.

carboxylic acid, a fatty -23 acid and esters thereof,

 Furthagmespeci flthe, mear pronpion dikineheltast thephospbanic filler

ester skeleton is preferably used. In addition, there

- whichriea@ddid peaatebcne@a® Lt icald aihfedBd 88i®/E Gim or larger,

surface active agents, of wetting agents such as a

- becalfb¥rthexa i G @bl Wliadge ARt c3YiR8 Bdfddbd Yhe mean

to both, of a resin having a substituent of high
partSLELi &1 {hdHARGe tEUE LBRLAREE £ 1pé)|uﬁ'1r:ﬂctl’ylh]g.fs EES greatest
systemat or after dispersing can be controlled by
meang%glrttli%q..e()fdiaan%qj.e\{renénd F%B%h%te%%r S%ar}pfcfgsa?.amete%‘ oaf the

nposi tion may contain a sta a ~di spersan

. di mentation. .inhibitor, a plasticizer, 10,
 inordpi G kT VBeET bRP RREABHIIRR AT, RBTESfREnTLppeter can

t he inor%anic filler in the solid content_ contained
be tapeRhetRast el Lbiposieien b8 RAF sinhlasneemh, it is
preferably 85 wt% or nore and 99 wt% or |ess, and nore
privfeihggere s iz Sbigy invenkbee, 36| fPrndhe mean particle
preferably it is 94 ww%or nore. 15 If the content of
diameper ioforpiinorbanier £ i k185 witivthdrasiohe, minimgn meagypdmticle
make the relative dielectric constant of the

- diamepapod .t01o1® . lhighi s lprdfimmbilventicohs nasd beeferb®le to use

of the inorganic filler increases, it becones easy to
that bt & S04 wicdect r Te e@dResbhi opinbech: Dasndcdéghry to take
relative dielectric constant, and, if it becones 99

the Wi¥EdPeRbe! @8%iof ilaPfeOrd e HECONES eR8Y @R mean particle
di spersing -of the inorganic filler gecones easy to be -

diamSOH rerull e?he Fﬁiﬁimﬁmeméghi ?a%%@é%@zt dq%?n%%ert,hq:ﬂemﬁlorganic
content of the inorganic friler, the resin, 'the
f_ill&gdwlﬂltx{tc\_(ﬁ’ hagt %ﬁlg-rgrgingqmglm:gr%&eﬁa:ug é%ﬁ:ggs#%l gﬁa&'fﬁitf?%l Zhould be

I nventron rs t
contai.ns the inorgggi filler and the

C
properly chosen from 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
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-24 resin, and the content of the inorganic filler is
.85 -.99mt % of the total solid content contained in
“the dielectric conposition, and the porosity is bel ow

30 volume% As the nmethod of obtaining the dielectric

conposition of this invention, for exanple, there is

a nethod of preparing the paste conposition in which

- diameheri, Nnengambfe fild &1 1M8RgTERBHOW LhR tHE IRSIdhsd. For this

first, coating the paste conposition to an adherend

reas ‘hor tﬁéaﬂgéﬁ %afplé‘lé%rﬁﬁ@g of ft%@‘ih%% sk \ée@%li’}gg which

sol |d|fy|ng t'he conposition to thereby o Btain
Qsi tign. At time, as t he 10
has %P %\ |ca (mwpﬁékﬁ%g%uég%ﬂﬁt%ff T TP Lé#?m the

heat and | . However, .since_ the diel ctrlc
Prefsaﬁsas.FﬁsﬁeontﬁF§ MPAGGREFACIE RbRMELEF Pl bRe inorganic

oduct, it is not necessary to conpletely deconpose

, flllSF Wléﬁﬁbeh%etl?%ﬁ#ﬁa% means ppréfelgbpéangtefeapreferably

inside of the heat-resistant tenperature*of electronic

to bgQr-flsum orsshatlex &anst vora nxafsyadily éodfe B00€ wr or smaller.

| oner. The porosity of the dielectric conposition

'If_theemsanopbetbelemdiaﬁeuetunﬁ,thediher@anierﬂblyebewwﬂch has

20 volume, nore preferably below 10 vol une% . Wen
the npitiofint Mehf daarigierl 4 BaamdPey Alsloes4 nher Nalrger,0fet &Ghesion
inorganic filler occupied in the layer becones | ow,

-afte@ndlgpggsﬂhgl €St hh£ACOAPESELE ONaR@VERE élﬁﬁeﬁéi&@ stability

di el ectric constant of .50 or greater is

of tROtR b e RY gggﬁmrﬁurtﬂ FRofL SO Qe R %.fneﬁgm:fcle diameter

because of ecrease 0 I nsul at’i on resi st ance,

of tﬂé“%S??%n?f: él%%]%%gﬁhfgﬁ %ﬂ thg deg_r gu?rlsrem%; ﬁ)bert):lcri% rthameter

r'éng orosi

. ow 30 vol unme% .for .25 aIthou it_¢

15 0 8 B &P ARF4RF prdpee %ﬁﬁ%@arérp sRhediom b il ler with
f|IIer a resin, and a solvent fromthose

each BEGET nbft PRRBAEC PFCREN BeceBeTey marteriel by liHeely to be
the paste conposition contains at |east. one kind of

loosgopydnis ha@fvigta B6sPeRgepoi nt of 160C or hi gher, and
make the content of the solvent 25%or, |ess of the _
t Ofed suremestt eotcnhmgie{ainonarlﬁdcﬂheﬂﬁrameJ:efrocoekaiméé, in the
in order .to nake the porosity below 20 volune, the

pastearagidsyi tdam bednelte diellewt2Q cvobmp®sitioh tef pAskeinvention
conposition contains at |east one kind of solvent

can Bavpegfarhadat Bpe xval r(ECirare MiAFN Grid1e £tV aida My Gtent and
has a lactone structure, 10 y-butyrolactone is the

trandBRshs PEeT Al Erod) QU IR MRASMY | ngbgskbggleﬁ tPSr the
porosity of the dielectric conposition can be chosen

ultréglglﬁtge\ﬁﬂ‘irm;%g:ﬁoa r#g%’]olg’L 41)%9813'1299&& oft %a5 oss sectJ.on :

orption met rcury penetra I on,

' ih tﬁoshg_{»gé‘tgéﬁaB@e%El"j_‘gﬁ%egEt g%d the t% m- )%orn'}/ed 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

- -16-
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15 scattering nethod, etc.; in this invention, from
the density of the high dielectric constant
conposition, the porosity is determned by the
following (1) - (3). (1) Measuring the weight of the
di-el ectric conposition obtained by coating a paste-
conposition on a substrate of a fixed 20 form of

are W¥egh v@i Obt b&r@@@ﬁeae%yar@l@weﬁ@alpvaﬂalwfssgh&@at on XMA
to thereby solidify. (2) Supposing the weight of

measﬁHQﬁEﬁeteaﬁﬁ Wy st de Ml Oﬁgg ﬁ#¥l§§ﬁ§?B9 5? O%servatlon of

dielectric conposi tion as ty o

L L R HO

ing a aratu f.or therm;) Vi netr nal
the ?ﬁ@&egt (ﬁreFﬁét'f}F% *&opos t‘i{il ’66&353/‘?1‘25% mﬁ?et%alysm'
rate of 10C/ mnute to 900 Cin the atnospheric-air
the grpg@inEpahéen Phehbenbnorgpetat bt bleliaks KPRr X inperd as it
for 30 mnutes to renove the binder, and the ratios 5 '
is a gfinchd atnargaaxtdle eizgndan He cegbntednfromdds arga. The
dielectric conposition were neasured. Putting the
evalyatioe of theepanolgbmisdzef chhdre pédd foirmedspich fihe TEM image
' gravity, pc, the volune. of the resin, W, its
of magRLEitatyonyi oF, 5000 theePosiwsi 4900, timed. t he
porosity, P, can be determ ned by the follow ng

f of a1 ArA%id MiBe byBLUDMBAY oA Qe ﬁ&i/tlc%/@pzé in the TEM
W/ pp) /V} x 100. The paste conposition of th

imagk NBENkiaQh il 5 JUSlEr al¥ Vs 696t £dma0 %dad{}?r%.g (I'E:ﬂr image of

exanpl e,” a substrate) and subjected to renoval

| _magnf?ic\.(ggl?ﬁ foéldtpd&yi:’lrr{ehhse%&%ye&% e% ed wgﬂzﬁl ?ﬁerhlstogram of

Ving a pas

0.1 R B gﬁgh P LR o R NI -

as a spinner, screen-stencil, a bl ade coater and a
and ghe eeRterl V%%%% of heheli &1as rin %%h%%sﬁ??%ﬁ?%ﬁ%1%ﬂ?ws the
. ‘easily obtained fron1the coated filmby renoval of
maximpl ertuadd keasideredgtouse e aaraappngicappdiargser. In
such as a hot plate or an oven. 20 The adherend to be
this ciomtesd- vint.h "dea tpdsiseinonpasiiti bhltans bef achdsent fwr kinds
exanpl e, froman organic type substrate, an inorganic

-of meayppasubslealimmaingkt heaasstbst rndtease arevhie bramore maximal

conponent material for a circuit has been arranged.

valud$, exanpl ehedt QAU dryR6reshdsinal &allley €natRe particle
gl ass base copper clad | am nates such as.a 25 gl ass

- size C'ciqtsrtr%ﬂﬁfﬁio(ippgﬁr ad1harhate £PPOS| ontQARRYA in the

clad -27 |am nates such as a nonwoven gl ass epoxy

'compcs; t.r)nC| aﬁe!r@m %%t hg@talhlg%il 'Et q{gtﬂc!?rgpp%ﬁ%ttllele size"

substrates such as a po yet erimde resin strat

Ly st her ket ongi h§oLRe2UBsh" 31 820008PILRY' 1808 be usea

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

_flu'c"tuation of the scattered light by the Brownian motion of the

filler is measured and the electrophoresis light scattering m'ethod.
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© .e<resin, highl
a1 EEG RO RPN A L PR FBF LA CYREn! GREFS RERt aFRfn

resin type substrate, flexible substrates such as a
pol yester film5 copper clad substrate and a pol yi m de
fil mcopper clad substrate. -Furthernore, as.
exanpl es of inorganic type substrate, there -are
ceram c substrate such as an alum na substrate, an
alum nium nitride substrate and a silicon carbide

.' in whYbst £BEepopEi &t d ¥PEt BOHHALR UG S 1§§h§| WHEAURR rrying

substrate or- an iron substrate. 10 Exanples of circuit

out 'méféé@i'éphéﬂgéfs ar ?ﬁongﬂgt or §; COLY ai Bighg ﬁeaﬁ%@& As

such as silver, or- copper, insul af or s cont al ni hg
art3dgh_ as. 2 a c_type oxide, lo dJeIectrlc
P na?erfa § @%ﬁ alﬁ géona eSS er%% 1Ghd/ 8F athe laser
dielectric materjals containing a resin
na)gar_ng_]se g LA-920

| assy material. The shape of the dielectric

of 41 O+ { PALPTALAG| ORI s ShigRdespeiamaFation  and

limted and a filmtype, a rod type, a ball type,
MICRETBACCHRABEOChESHAKKERGNEPNg on its application, but

it is especially preferable to be a filmtype. The

fihsn Héetechciadebazatickmisaisheetf, i2drgapliat €ilder, it is

pellet, -etc., too. O course, it is also possible to

-prefaeabmém@atsteeaﬁ fro5 FeRdr o £3UNeablech Ahd Fe1apRbeCaiéDactric

such as a via hole formation for electric connection,

cons@8n@8d t1slnBRledf. trpadaneergadRacki fEL miviidy %heafelatlve
stress and an inparting heat radiation function.

dleléEtLBS %ﬁ%tﬁﬁntu%igsﬁlgflgfeltﬁ%hr <% C:Pgrpgﬁleﬁl on, a&l@lectrlc

I'm -28 the thickness can be chosen within a range
I but |
°°mp&'§ié?‘é¥*§*#%%+ -SrEPE R Bt e coorans
f bl t 2 .
cannBfing PGPS LiPorEben AR, BRA oab brarashbe RhtTer wien
the filmb5 thickness is as thin as possible for
the Jehftt e adf &L GE T EAPaci MRt agTRAtRFactRRR, HR0G f 1s not

it is thinner than 0.5 pm it is likely to generate a
prefarahbeestiee bihe beMReERERTE ¢ha%m<a¥¢mibve%d?ésth@rmlatlve

to be obtained. Furthernore, if is 2 pmor thicker,

dielgctiétectomistantosss t drigeity i S_Ohaiectetrddrrameease-Tafat erelative .

PCT (pressure cooker test) 10 which is a durability
dielactel erm@nistanttest .tHeut hbegant e,f Mier hehealemwas the relative
exceeds 20 pm not only a great relative dielectric

diel€OpBi@ntonStACEUSH tie Of Hiefetdd OPESdilc S WHELi®dH by heating

capacitor performance, but al so increasing packing

and €€Pshbty WRE ReCAMRLiH fi st . adSrAlt %Qlﬁgh}ltalie powder. The

application of. the paste conposition of this
reist UL, mtczﬂa%t%w'ogfxisz’%r’g%gggﬁaeér??ﬁ?g {gdpasures

h dlelectrl const é. . for.an, . .
with the B19Bdng EELELE,COROL A e d S hi e Fp8 bnarganic i 1er
of
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-1ike solid.

By firing the pelle.t—like solid, for example, at about 900-1200 °C,

_the binder resin is decomposed and removed and the inorganic filler

ST
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a printéed-circuit board, applications to various

el ectronic parts 20 and equi pnents are al so possible
such as for an interlayer insulation filmof a

mul tilayer substrate, a frequency filter, an antenna
for wireless, electromagnetic shielding, an optical
wiring material. The dielectric conposition of this

is siA¥ERLAPNa | SiMFEEF&d abldaudd WISt @onai sitkt 8L gy 8E 1nofganlc
i nsul ation material for capacitors. The -29 nethod of

compBﬁEﬁ]thcéllﬂ%e' 85@5Lﬁ¥&r 'Z{\:S%ﬁts' Qﬂ'nérat etr iglné@éssary that the

capaC|tors usi ng the di el ectrlc COﬂpOSItIOﬂ IS

vo:.de?:&: ae! lylljltl,ég‘écﬁd%ﬁg(gl S ec [ Ca.e[’l %S de?xcrl btfdtl'?ebol\algrom.ty

orwnng a naterl

bst r.at t _can be.s obt ai n b form
ca1chlBBRES fion | cRECE AR Qb L ALY A oy LAY Reasurea

|nterlayer i nsul ation material for capaci tors produced
9%95?%@?%¥°rmed

is preferable that it is in the range of greater than

on thigr/ ehptened eppréietatigllat, jandnthhe nedmfd wef dielectric

_ greater than 10 10 nF/cn2. If the capacitance is

conssankl b ddlamlmntdd EnPm whemedsuremarsedezxnild of capacitance
decoupl ing capacitor, the decoupling with the power

and $edrdemehsibe.whol e system becones insufficient and it
cannot work sufficiently as a decoupling capacitor.

| tad sapriefigalie tehat etherrbanoerofa ¢aRAGIH 2H&Bnate type, a
depending on 15 teéenperature and the change of

bariGRRAGIAMAGS WM DL Rk el gtEBﬁt§Hﬁlﬂ tafr%rtéjf§bgp'an(9alcium |

acircuit. It is preferable that the change o

titaﬁgggpﬁﬁﬁc% Qfgrﬁﬁ]gh %:e [}:g)r éféerlilrga% éesstlgﬁn %n%ag?g% type,

for exanple,

t t tu f -55 to0 125C,
= pafiORobesabBiud LERREARE cETRe bon BRc P afi uos Eorsg tvpe. 2

for the change of capacitance within a layer, it is

baripRJRgRRR m PEPATE F¥PSo, BOITE MREEREJETOFapRBlate type,

capacitance - 5% _. capacitance .average of the :
a 1eé§pééﬁﬁéﬁ@€-¢ﬂ¥® td taedagérageaal t¥PeFurt hkgathrgirconate
in order to reduce the power |oss of the power

titanpbece/rdt a tepdeatierhibie tvivet, ahecall slasaesiion pgebate type,

tangent of the 25 capacitor is in the range of
a le@d0his%Medndpicteaiee pEgber albl yiedd tengSOate theer argecalcium
of 0.01-1% Here, the electrical properties such as

.tungi%h@téa:@@fé tanea@ndghbeidhal Btidiatd e§fel angerbnahl d10x1de

val ues neasured at a frequency of 20k-1GHz. The

typed|e,9(|.é30t il BafOHROS] 42 Ofc il 351 H\RIH B %Eheb%c@uamg the
: preferably used also as an optical wiring materia

| éolla_hgoﬂi)ﬁi&élwh ﬂ'@geésb%%rp'@&éﬁé]w'§$L% naelljllterlal in

20

25

transm ssi on etween ea
whlcﬂng é’é’&r dosf tlhse ré‘].err%%rtfsorlrsreguigﬁss: Bt:] 8%' 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, abismuth titanate type, a magnesium titanate

type, a barium néodymium titanate type, a barium tin titanate type,

-19 -
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. addlb’r% thF ck

el ectrical signal, but is perforned with an optica
signal. When formng an optical wiring on a nounting
substrate or its interior, 10 a structure in which a
high refractive index layer is sandwiched with | ow
refractive index layers is taken. It is also possible
to substitute the lowrefractive index |ayer wwth a

a baSPaF fiaghbeR uiSh \Gha 88 t?%rgalc’pé 'b(éﬁjlu‘ﬁ’! ﬁé%’ﬂe SBLR rt'a%'tal'a@e type ,

order to make the scat ng of for signal

a 1etar<iar1:°ir‘.]|ast§eit9ensiay;¥\é;'n; liggﬁelz§r'i:gﬁaltg3|t Of thfeé‘c? zirconate

optical " wrin i S inport 6 Jse

suff|C|entI i norgani c fi ared to
eieafdbe BT DESPRnIPhATe e ¢ Leg '%Sawenes%a%e type,
choose particle with a particle S|ze of 1/4 or |ess of :
a lﬁﬁﬂa%&ﬁ£§ knBtRb3ES tyRE! Fur}%%¢n6P@98Fﬁtﬁstg@§s|54eca1c1um
to control the refractive inndex, the tenperature
tungééBéﬁdéhE9Sofat¥@ﬁd:NFQQﬁ%%Hﬁ|ﬁﬂ?§&ﬂﬁ§@ &ivgpest ped a titanium
coefficient of thermal expansion by selection of the
dioxjider fyemé c dnd |tdreymatrer adbo gemsexhntremiss dmgludéng the solid
selection of the resin material. Due to these facts,
soluiktohewhireh apesakebleatobasdehyteeiers.the substrate |
material which fornms an optical wiring layer, it also

becomes pepichlag 150 gisediab1enltb 25s£08Ventharakin ch has a
used inorganic materials such as silicon.. and -31

pero@gf{@géc%yp@u'br%ls%‘alt %t‘i‘%%t@lr%u%%t raat&)m&:b ﬁ@fﬁﬂf‘te type

of the organic naterla Hereafter, this invention is

crysFéEl aél%q&h%eexa %ibr.lgﬂt %Isklhﬁve@fl (Il.ﬂes‘(cé @a;ri be used

I mit ereto spersion liqurd A

epar n_Xxin and di_sper si under j ce-.coal
lndE$en Ly ST S ARsokiRSErEAE e Hitad S04 sSEd' Yin view
Il er. BT 05 of SAKAI CHEM CAL | NDUSTRY CO.
of drh?&ﬁcﬁﬁ i CFRAGRF R EHEErS: 015 g W@Faﬁ?rﬁﬁl?s for the
and_ y-butyrol actone 18 wei parts. An epoxy resin
lnorgépaﬁ BhlBet whdchrbparal g?a% Xty Bhn@poxy dieseyent mean
(EPPN502H of NI PPON KAYAKU CO. , LTD.) 10 wei ght

- partpgies, diangianl tondwel gker esame ( Theilhlof cOppNEPPONN.  In

| NK AND CHEM CALS, Inc.) 10 weight parts, a
parttoulay, adeel ebabdnippra ghenplc tphespbnpes bf i 6KEQA ckbhas high
CHEM CAL | NDUSTRY CO., LTD. ) 0. 6 weight parts and '
rela/ibatyiol @ct ohe ccﬁf}sﬁlmitghtlrp&ﬁ.te& of pashfceonPosiddmercial
C- 1 was prepared by mxing, wusing a ball mll, the

convéh $8€ES| 0nt! i gUbdefeladid tthe u@ROXhd eRinbout LﬂH:LQ:rh mainly
B-1. The boiling point of y-butyrolactone is 204 C..

cons?BES o‘faSBSrEQHPO&E NS 1 wasGRat ed; ﬁy Al %gatﬁ'{prove

‘on an al um num 20 substrate wth a thickness of

_dlelgész‘? cﬁé%SEthX agn?ﬁ§7% %%e %E:u%% céta“-fa :|.I‘:?:ly|_1 a 11tt1e

was cure hour,

tain_a hi dlelect i c constant co 05|t|on f
ne lg ter, cliepressor agent rrpetc may Obe added.

As for production method of the inorganic filler, there are

methods such as the so0lid 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 p‘art'icle :
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Next, an al um num el ectrode with a dianeter of 11nm
was for med on this high dielectric constant
conmposition with vapor deposition, 25 and the
dielectric characteristics at 1Mz was neasured using
an -32 inpedance anal yzer HP4284A and a sanpl e hol der
HP16451B (both are sold by Hew ett Packard) according _
dlanIeQ:e]_'l B:Llé $91dr apdh- Ak @S WskS tnar & fﬂﬁvﬂ'}hdéﬁj-{'%@c%l%n method

he relative dielectric constant

or tﬁleeé)}?giéi!lg nfé%%tdaghgs\?)p%%g:sf ﬁu%ﬂ %fa?ance 1".jelc%I % coﬁstant

0ss tangent e ~capacl er area

7.3.nElc The poro was 9 vol %
ana Gt g REaRl IR sk R the ety &F (HhR E’é%é‘ﬁélﬁ&ym%ﬁ"d of
10 Exanmple_ 1. Next, 22.6 weight parts of .
the §7n8699P6Fa%’t]o]r@ ihd chdad theynipdmupeean meditd de dhameter,
solvent in the paste conposition mght beconme 15w % .
sincgniital pasy conboketilom rerrigds piepasedll Thidhis preferable
according to the nmethod of Exanple 1, a high :
to udeaimaciofi thedtwimhemrmipegmtheﬁimeph@cpartém angetrbeitical
result of evaluation of its 15 dielectric- . '
hydroltheaaiadr isyhithesis skewod brTahkesdl dbe pebakkye
di el ectric constant of the high dielectric constant
CORBOShé it idVas. ¥iSe iidt-gHiflegtinicr 258 d1gRRLE MWa8ntained
3.4% and the capacitance per area-was 4.3 nF/cn2. The

in tBQ' Raiskk %ﬁpé%ﬁf%H”EndZQhEXﬁ'i‘Eh@Et%lé g@ﬁb@s&tlon of this

conpositions CG3 and G4 wth different solvent
t dj . .
oo o ] RARERY Dl LBl sporyenig e

f he con f Ivent the paste 0s
to e i BEc e gedrro DuR e FRe it cHRaRe wad R rocan
accordi.ng to. the method of Exarrple 1, h| h dielectric ,
volupg ot 4ite L881RFHosT 1 Vdns iy ®s aﬂfefﬁ%af%&n%]af*%r%r lesg -y More
- of evaluation of its dielectric characteristics is
preferghn i nlfabf e’ A% %@%egﬁnddﬁéfﬁeefri%s%onfttaﬁtogs or more of
conpositions having the porosity below 20 .volunme%
the pabiehef rtdiatinesgenébetitler oMb amt fofcismtdy bioght gelative
" was obtained. Conparative exanple 1 y-butyrolactone '
dielwasraddedntoatheapd st esmadiipesafifdrei@nt, cdndheampasérpansion
conposition D-1 whose content of the solvent in the

- are pathenedl CEUPORELNOPe] Sad4070kYorWamdy gtk JEeib of the

according to the method of Exanple 1, a high

 inorgkfh6CELH CeEONGE ANthE UHIQSI QN MRS HR! eRBkEdniandi i DE8r with

result of evaluation of its dielectric characteristics

_ | _
at 1&8st méian%. E?E'g%eie Yot Bes G S s ‘}fen%l}@(a%qfeyteﬁéd high

cont [ paste conposition was % 0
relaEQItél dqufggl:}:}fc éggspgﬁgsiéyobtained. 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, épd'physical propé:ties cannot
be eagily influenced by water or moisture. Eurthermére, when the

inorganic filler content Vf is 90% or less, the degradation of the
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| f
of thermABlaStiR an

! 15 was 31 volunme% and the relative dielectric constant
~ was 41. Exanple 5 Bariumtitanate (BT-05 of SAKAI
CHEM CAL | NDUSTRY CO., LTD., mean particle-dianmeter: -
0.5 pnm) 323 weight parts, a dispersant 20 (BYK-W03
of BYK-Chem e Japan KK) 0.2 weight parts and
y-butyrol actone 18 wei ght parts were kneaded u3|ng a

adheReWRIPHERE Ly ATdeF @(ﬁ{pe(ﬁéybdﬂéllﬂdb]{érz 8$c), which is a.
obt ai ned. The dispersion liquid A-2 and the epoxy

durab@3h %/SQEHEh@PaﬁlénW%EStm Xgdn455Ng, o?rﬁgls mlil, and

a paste conposition C5 was prepared. accordlng
t oNE?@ 2t%e g‘é:glfg soefd Eﬁatrﬁ) 1n’ve%tr:f].|ogh dl Chcgel:gn from both
constaht™ conmposi Ftion was - 34T prepare e resurt

val uati on_of #s dlelectrlc characterlstlcs IS

1 tRREMPEFLEIDE HPBIBEtric constant

was 102, the dielectric |oss tangent was 3.6% the

cabici tite BBPTHPRASRASCIL. BeRFITnR, PRAYPIRBYRENES| t §ther,

was 6 vol ume% Exanple 6 y-butyrolactone was added to
polyphengisne swhipols t poAverbergnd fonge paktetlvonipoisie. enliquid
' C-6 having a solvent content in the paste conposition
crysohllpolvievasppleptyedneThpolyatbplenag 4 of theroeesin, etc.

10 of Exanple 1, a high dielectric constant
can benpesdti on was prepared and the result of eval uation

of its dielectric characteristics is showm in Table 1.

Theut ehathyee dbel @ed EherreastanhgWass 190, féP%xample besides
dielectric Ioss tangent was 3.1% the capacitance per

an e?&f%xff% 3 E)E}Eh%‘iﬁrﬁéﬁlﬂ thsP{H;%ﬁ{é %8s, 7aVRLb Bl ge, an

cept t vent was
yr n ast n.c7 S :
o BEnAPH A el e R o e
oSiti

' h boi | ] . .
- resiff ROy Bty 8%n88i 1088 BB Payer of a BT ipRga Biring

t he nethod of Exanple 1, a high dielectric constant
board app &g |”§r?%slﬁr%b%Ve%f SHFR RS Feddrr bhevval usgs batance.
. ..of its dielectric characteristics is shown in Table
it 13 preferaltla itpeusdi EReEPPretEbRgtEARiMEndben eRexy resin is

dielectric loss tangent was 4.6% the capacitance per
espegiadlyvese ek diom agd ritise pucbsacsyheas- Qubieg shrinkage

vol ume% -35 Exanple 8 Except that the sol vent

- charaateel byieseand yebscasbcgt ate, a paste conposition

C-8 was prepared in the same way as that of the paste

5 BRONPOIHY epoky2redhe ipial FogiRGIHc1OlccltAYhe@Ng prepolymer
gl ycol diacetate is 190C. Then, according to the

‘havifBt bR 8f BXBODPLSoAy Sbihgh (oxirane ring) in the molecular

structurg. As for the prepolymer, it is preferable to have a
bi?henyl skeleton or a dicyclopentadiene skeletbg in view of
dielectrig characteristics. Fﬁrthermore,. it may contain a curing
agent and, ag the curing agent, a phenol novolak resin, a bisphenol |
A type novolak resin, an aminb triazine compoun‘d,. a naphthol

compoimd, etc., can be used. Furthermore, it 1s also possible to

-add a curing accelerator, such as a metal chelate compound, such

-2
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di el ectric constant conposition was prepared and the
result of evaluation of its dielectric
characteristics is shown in Table 1. The relative
dielectric constant was 64, the dielectric |oss
tangent 10 was 4.8% the capacitance per area was 5.7
nF/ cn2, and the porosity was 21 volune. Exanple 9

as t@’tﬁ;ﬁ@hyt.l.h_%hoﬁﬁﬁlﬁ@l VS”Beﬂ@%m@HQiﬁbléaEPbEOJ:QmﬁoQﬁét €and tris
conposition C-9 was prepared in the sane way as

"(2, ghggngg Hgogg§gf ggg ition G2. The boiling point

Ito Then, according to the

d f EX I
%%%S.Pt%. odBnodtfol §? Bl e S AN opeatnea by

its d|e ectrlc characterjstics, is shown_in Table

of ethy car

'dlsP?rS'ZFHg FBFaW%g%lﬁl HEbeT | Rt ridiamesids 580Tt gample, it

di el ectric | oss tan%Fnt was 2.2% the capaci tance per
is pppRucadson themeikpd afdadaing okl iinprgenizo fijdegnenso the
Conparative exanple 2 25 Except that the solvent was
resippsphotiere fod lpasteby anipdgia And diz®erinaes i ¢p@r bet -down
. in the same way as that of the paste conposition C 2.
methdlewhbdehi preparead ofdimpegdumldmdiignit?86. whheh, the inorganic
according to the nmethod of Exanple 1, a high
filiekrebectikpeeaBat ant aceiResbl £0BoYASN PrBEALLEhANA, t A mixes
result of evaluation of its dielectric 5

the @E@P@Q&@Bhﬁl'l@ﬁﬂds witeWy i Fedabl SothutIhe, r eh@tiNErmore, the
ectric constant was 35, the dielectric |oss

methBangfn? %:gér gg/o tﬁgd {:Bfgaﬁ@gafi{fgfeﬂ?@% @ﬂgarg@fn or the

2.6 nF was inferror In electric proper
The porosit ol unme? aratiyve 3
solv 'E n?%a?%%% I?'.l[z)o\il 1\%&? p%%rp)z/a gﬁl &gl‘yc l]:hogs u51ng, such

N RS

conp05|t|on C-2. The boiling point of propylene
a horbcl’%ﬂ:"&z%néﬁgt wytedicefdfRerse146°aT PrheRed adtialisiy &8 view
the nmethod .15 of Exanple 1, a high dielectric
of dé@@@tréﬁﬂoléer\'cprosum oﬁsmq@reemle@d tandsehe reall tmgll or a
eval uation of its dielectric characteristics is shown
homogenYabke 4. The relative dielectric constant was 46,
the dielectric |loss tangent was 4. 7% and the
capacitapeespry ahea wbsrgahic N TI€r, apd wasernfters i diprove
: in the electrical property. The 20 porosity was 35
Aisp¥BL UPE tfEXaaPter Q- Bat gt hbh anat etl{cBTllgér@inf@Kﬂller, an
CHEM CAL I NDUSTRY CO., LTD., nean particle dianeter:

addi QlénFH‘B 48ﬁs%£9£!ﬁtﬁaéﬂ %d%ri(h)banEYa[ %'u@:ffta@t%nt%aﬁladdl tion

wei ght parts were .kneaded using a horogeni zer, and _
of a g %.9%5‘%' O0tc. may be carried out. As surface treatment of the
inorganic £iller, 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

- have acid groups such as phosphoric acid, a carboxylic acid, a fatty

o -23-
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-37 liquid A-3 was obtained. Dispersion liquid A-3 and
the epoxy resin solution B-1 were m xed using a ball
mll, and the paste conposition C-10 was prepared.
Then, according to the nmethod of Exanple 1, a high

di el ectric constant conposition was prepared and the
result 5 of evaluation of its dielectric

ac1dcgﬁfia€§§é§:§t tRerbSShoMR éQpJ@pé.fly tﬂ_gec&ﬂ)@ﬁﬁaewhlch has
dielectric constant was 79, the diel ectric loss

ﬂ‘%@ %gﬁ ar

2 phc)ng /. e Egéf%ekﬁpeogr%gllgé 1 oﬁggd' %@ﬁ&gﬁgnﬂthere

are ggri%mtlta ate (.BT-.05 of 1:SAKAI CHng\AOA‘LlNDUS% c

1ons” Ol ROPACHIEr e ARG 21 HIARRLIG gkt Gheactive
rts and U-butyrolactone 16 weight parts were

agenEﬁea&édWl?éﬁtﬂr& arﬂﬁﬂfg‘?en?‘k%ﬁ‘ adng 8°&V§B§P§P%’Prlcl gdidy of a
A-4 was obtained. Dispersion liquid A-4 and the epoxy

mater@ainiasing|affiigh B tonepehni KER Feisig Aaging #i$ubstituent
and a paste conposition C-11 was prepared. Then,

of higlterteirig hondheneet hdhwfheaimys e the polar gty of the system
di el ectric constant conposition was prepared and the -

at or editldr débpevalingt cam lof ciohsrdileékdchyiaddition of a solvent.
characteristics is shown in Table .2. The relative

- FurtHeeheek[ i eneopakaat ceaposbribhe nﬁlye|cQﬁ1ttraJ1@1 |a03§t£ﬂllzer, a

tangent was 3.2% the capacitance per area was 8.4

- dispBFLEAR, apd LReinkerasibk WASHaMebwTe. Fxaml el Ar, an

paste conposition G 12 was prepared in the same way as

antlg;’ihdaﬁ{éan@{:g 2 fﬁcggé%%@ ng bariumtitanate (SBO5 of

o Titanium Co rrean partl cle dianeter:

s t.he, high Iectrl in anlc
fi |?%g)r eeﬁ"“%%f:‘gr ngetlcli1 aﬂl ﬁjo% of 1“E§% P&1f coptent
h_di.electric const ant Cor?:?qi:{ g%) Pé\é\’talrsﬁ EL? gﬁg{jogp it is
: characteristics is shown 5 in Table 2. The rel ative
prefgrabl¥t§? iRt BRECWARI7Y° Wie ofi deéét r pBd| Be%e preferably
tangent was 2.9% the capacitance per area was 6.2
it inMkmrd amdmene, pbibdbinyrewnyalenadtinmit Beafpl ety uore.
A paste conposition C 13 was prepared in the same way :
If the cexbept co? Exeeptovsamic sfiler uns t83 antk eoX S8, it is

of SAKAI CHEM CAL | NDUSTRY CO., LTD., nean particle

easy diametlar .tHe: Felplias ﬁhelbbghlcdbeheehﬁtc:oﬂotﬁsé addmposition

inorganic filler. Then, according to the nethod of

high EXapltgik, iaviin@h o, ehgcthéccéﬁl@&h@%f C@tﬁf@oﬁm&féﬁhi’\@sflller

15 prepared and the result of evaluation. of its

:l.ncregé@é@(:t I Goc GHRE AR LSS S a AL d 1 12BbApAs: FBn which
relative dielectric  constant was .65, the dielectric

. has al%si%ht %QSS@Ev‘éﬁﬁlélé{%ﬁQ constant, and if it becomes 99 wt%

20

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 t_hé

-24 -
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" capaci tance per area was. 3. 8 nF/cnR, and the porosity:
was 14 vol une% 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
conpositions were ‘prepared and the result of

resi@vabHat ka8 ebnkbakr odi ehecmﬁ?aélshei@%ﬁrﬁt398 | $9wt% of

shown in Table 2. The high dielectric constant 39--.

the €8PRPSiL] PAS-Aaving J&J%@m\e% dielget ga%éggeg&én&o%oépuon,

or greater were obtalne Exarrp es 1 ast e

__and'%ggpﬁsksggegl s1fe18, 150y 5gega yed using, as the

e resrn of i ne" SP 341 of Toray

us es and a ethersulfone 5003P
gﬁa t:3}1’1) BHH %ﬁ) OBGalnEP '3 d?ﬁéﬁc‘:ﬁul(jhc‘é‘r'%‘?%’c"tlr‘?‘b"f this
constant conposi tions shown in Table 3 were prepared
inveghdopphefPr dpeRBRIRI CtRIRS dct & Mettihed wér erevariagebhe paste
The 10 result is shown in Table 3. High dielectric

compeghsiantinomicdi thentnorwan hy fd llsimwagenitked adtthi the resin

constant of .50 or greater were obtained. Exanple 19

at fiIsstA dbapéngitdre bagte dofat siars cabt aiameddbyr end | (fgreexample,
barium titanate filler (BT-05 of SAKAI CHEM CAL

to alNBIFHRELDQ rembbingnealvenardnd |so1didmstiely tleSc@iPosition
323 weight parts and y-butyrol actone 36 weight parts :

to tREy b8eatatthdGiflleckiOUso wﬁtgoﬂomg:eehzsrmﬁﬂ, as the
epoxy resin (EPPN5O2H of NI PP KAYAKU CO., LTD.)

methléﬁI gf]t PAESF1 g@tfo:ﬂ)h%ré’]%\f%l @.I(Sllﬁ%.'facg{:}%oﬁxgﬁﬂ}y such as,
DAI NI PPO\l I NK AND CHEM CALS, Inc.) WEI g t part

r acc L1 h ny
heat%ﬁﬂléﬁ%t Eﬁé&ﬁ%&%oéu}ﬁ% ?1 é;zggéc?g rIl}pOSl d.og of this
but yr.aol act one 24. 8 wei rts wer e nlxed and an
5 Bbtai féd. SThBOE; §’|c?é:re§|58‘r‘1’y to
quid A-5 and the epoxy 25 resin _solution B-2 were -
Compﬁ?;@byxgﬁqugpﬁﬁuqr,ﬁqmoveaﬁae %e%h%té“HEJibéﬁpB§P?P6ﬂble to
C-19 was prepared. Then, according to the nethod of
heatBagisiect, the fegh -diesiedantct eBPSTARLT € S8 PELSATMAPATLS,
prepared and the result of evaluation of its
for dkehpteriz thmparabtnigtefs508°Ghomnlover Tabl e 3. The
relative dielectric constant was 73, the dielectric 5 .
| OBlse rangeittywas BhdRidlke tadpacohposetpen meads washbe below
4.3 nF/cnZ, and the porosity was 12 vol une% Exanple

.30 vabunbe, b@ﬂitﬂUmtpf@ﬂ@fﬂaiﬁTb@ﬁ)@fZ@Amur@EMMe preferably

| NDUSTRY CO. ,
below 10 volume%. When porosity 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 constant 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 6f bending strength, etc.
Here, as the method of making porosity belbwao volume%, for

example, .although it can be attained by properly choosing an

=25~
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 nigngl, ‘T ke Eﬁmoalﬁe&fs"?a‘ﬁb%r‘ﬂ"

10 LTD. , nean particle dianeter: 0.5 pm 323 wei ght
- parts, a dispersant (BYK-W)010 of BYK-Chenie Japan
KK, a copolynmer with an acid group which has
“phosphori c-ester skeleton) 0.2 weight parts and
y-butyrol actone 36 wei ght parts were kneaded using a
homogeni zer, and a dispersion liquid A6 was

inorghhacrech 14} SAeeHioN Ahddl %ﬁ&ﬂ@réiﬁ@tﬂcﬁ% &9@%&‘ Iﬁéﬁtfoned

solution B-2 were nixed using a ball ni , and
it cRASHE £QUPERId{Ohfs %g)pylﬂ%a@ W g,‘asg ralggeighnsontams

| £ o
e 250075k TP R0, PR SR M3 thifie o
e relative _djelectric 29 const ant
ﬁ/oort gss o the total

capaci tance per area was 8.4 nF/an and the porosity
Past@aSOMPREiti#ed; Exanpl e 21 An epoxy resin (NC3000 of
‘ NI PPON KAYAKU CO., LTD.) 15.3 weight 25 parts, a
phEwsthevvorek fmenamplﬂmrmngkeMtwmrmmmbelow.
CO., -41 LTD. (new nane: "KAYAHARD' KTG 105)) 5.3
20 volbimgi , pdet porosttygrambechadatsl(dw 2pheayimehpsitheéhe paste
" of HOKKO CHEM CAL | NDUSTRY CO., LTD.) 0.2 weight
compPaitsoAnsoytdiny kel 86960 XKinEEbghéo DRSS hating a lactone
m xed, and an epoxy resin solution B-3 was obtai ned.

strugjﬁﬁred' S P&fotgO Nt Hd q¥bBvén e @i‘ﬂcﬁ’f'%@&oéy lra‘?ﬁz'di’le structure
. solution B-3 were mxed wusing a ball mll, and

r-oufFR R by B AAIET, o r?icﬁéﬁé?gm

S ared and. .t he resul t. of evalu
?15'1’@%‘5%&&2% REEBREF R Mo cBF. IadParpsidyl oo the
he relative, 10 di ectric constant was 76, t
3’%&9%eé’O/QS“tlﬁébéngEP'E'an%‘é%’é‘Flng to
area was 5.6 nF/cnR2, and the porosity was 14 vol une.

its [DURRNSS 2231598 ARRAGRER emeliogs @ QerAodCHER] qrercury

-I NDUSTRY CO., LTD., nean particle dianmeter: 0.5 urn)
penetpaBiori ghtptpe;tt:son bdisappedramee one thiRB- 100owfamifAe X-ray

Inc. , nean particle dianeter: 0.059 pm 21.9 weight
scatparisg methbdr odact pnin IEhiei Divempatdrs, afxbrd the density of

di spersant (BYK-W010 of BYK-Chem e Japan KK, a :

e QUIYH YnEile MdTid) 2oh@taheUpcbapbBitdor) PHREPhSGISsity is

ester skeleton) 0.8 weight parts wer e kneaded using a

d A7
aetenmm@@:tgy Z€he LOMhSvlPPELF] Dnﬁ\By qui was

obt ai n An epoxy resin (EPPN502H of N PPON KAYAKU

3 R RS B LR s
ovea il Pty 3545485 ARTE EFASlor KBEBRRbse o o 1xea

form oJ.P xghgclg)é‘rwe,\fglﬂgthtl;) arr{egassélnedd af‘rnzd by removing the solvent to
thereby solidify.

| - (2) Supposing the weight of substrate as W1, the weigﬁt of
glass and the dielectric composition as W2, the densityi of the

dielectric composition as D, and the volume as V, the dielectric

- composition, D = (W2-W1)/V.

-26 -



y-butyrol actone 7.1 weight parts were. m xed, and an
epoxy -resin solution B-4 was obtained. The di spersion
liquid A-7 and the epoxy resin solution B-4 were

m xed using a ball mll, and a paste conposition C 22
was prepared. Then, according to the nethod of

Exanple 1, a high dielectric constant conposition was

prepareshandd Bgphesbht b %r‘ﬁ@dﬁnrl‘?rfeﬂrtysanaly_?ﬁg (TGA) ,

. dielectric characteristics is shown in Table

_ 3 h _

the ELELLYET BLASELESSRIASModly M0l barf] )L fminuce
4 volune. 10

h
to 90 e I (OBt iRy e e sPE EBR e e

wei art henol novol ak resin KAYAHARD TPM
was }b?p'f% P%ﬁ%’ %RP(L? ‘g:@lnu':f?d:o Fﬁé\ﬁvﬁ’a"nlée glRﬂ?A&wﬂ*—{Eﬁ the ratios
KTG 105)) 0.9 weight parts, a 15 curing :
of th&céépéﬁaﬂéﬂ(tfMbﬁénwdphbgpﬁﬁﬁenoﬁonm@mm Tpfielectric
I NDUSTRY CO., LTD.) 0.04 weight parts and-

| .comp¢sé@ftynoWaceomeaﬁuIed@i ghre t pEmg sthewevel wixeelf arlie abnorganic

epoxy resin solution B-5 was obtained. The dispersion

- fillkrQuiel, Atk specilie cepoayitesigt Sehul v6Dule DiRhe Fokef, wp,

10

15

20

25

using a ball mlIl, and a paste conposition C 23 was

its Bpepdred. gddeney 2 q);ﬁcctqaredlﬁa&otsthepﬂemea PheE38MPL ELy, P,

1, a high dielectric constant conposition was

can D& R &Gl %@etﬁgs%ilé’&lﬁé{%dﬁﬁdﬂﬁ Oﬁ?okb.sglty Ph(volume%)

dielectric characteristics is shown in Table 6.

{(l{,el amf,yﬁge ﬁé\ﬂ@)r }:\5 o,pt At was 121, the dielectric

0SS e capaC|tance per area was

/ h jolelgle ‘ ‘
J5F eBligh L DR T Bhe gl jEgfoated
tat aste conposition C-24 was prepared in
on af g %Ng? B AT o 2 5ubshga el 11d SGIFGHRE &p removal
et hy Iene glycol diacetate is 190C. Then, according to -
of S‘?HéeIP’r%ttﬁb&O fAEfxnpEReTeby # fiPr @l dielpetEbAsEAmROsition.
conposition was prepared and the result of eval uation :
As aopethad of etRiyied chapagtertompesi tiomhemntia Jiikeend, it
6.. The relative dielectric constant was 95, the .
is nali dligdteidcespssisbhgantd wisr3etdmpld, tttemapae manheds such
per area was 8.4 nF/cn2 and the porosity was 8

- as avapinmeds, Exanplean2®dexed!, thatlatibecsake¥enandas die coater.

di et hyl mal onate, the paste 15 conposition C 25 was

Thus PreRaretklidt it LML idh @4aMBeeed3i1¥N6btHOhédNProm the
poi nt of diethyl malonate is 199C. Then, according to

| coatdfe i P LROdeRbvEX PR 1 et Qh@%&'&@'&&tfﬂgc Egaﬁbagtheatlng :

conposi tion was
apparatus, such as a hot plate or an oven.

The adherend fo 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 cbmponeﬂt material
for a circuit has been arranged. As examples of organic type

substrate, there are glass base copper clad laminates such as a -

glass cloth'epoxy copper clad laminate, composite copper clad

27 -
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prepared and its dielectric characteristics were
evaluated. The relative dielectric constant was 85,
the dielectric |loss tangent 20 was 2.7% the

~ capacitance per area was 7.5 nF/cn2 and the porosity
was 9 volume. Exanple 26 Except that the solvent was
ethyl carbitol, a paste .25 conposition C 26 was

ami { r I min
A B A S b T Shnina, e
res1§%ﬁﬁﬁ:dtﬂgr$t9pig§t1g%mgte@(§ﬂgh ada %oti'yggher&mlde resin

di el ectric constant conposition was ~préepare
ctrlc har rlstlcs mere & Iuated The
Sumq'r?‘a i ve &0 %I‘I g‘ CORS &t Wh § {8 e%t? %ysulfone
| oss tan mas 2.9% _the ca aC|tance per area
resip VRS tr&‘ﬁc?*t ﬁéeﬁbh%u?‘i}’ '%e%/éluﬁﬁ’easﬁé’r?&%si?r film
Excegt that t he sol vent was_ 4-net hyl cycl ohexanone,
COPPFasted taif’é'% aopoyy iasderiehdr pnnen ﬁéaéaﬁ%bs trate.
way . as exanple 23. The boiling point of
4- Fer bheTRer o haareaanle sl 60 G naygan i adowmeadsnystre tehethere
nmet hod of Exanple 1, a high dielectric constant ’

~are cenpnictSwins vasterepcd ek and allheinesshbsotaceal aat abuminium

of its dielectric characteristics is shown in Table

- nitrfdeThebselrattevairl e esilicodS caebstanisubdtréte, t etal type.

dielectric | oss tangent was 2.196, the capacitance

subsPehtal @aches/.a AHLEIRuANGuLBErReE0St unVasrd? substrate.
vol une% Exanple 28 Except that the solvent was

'Examb§99h8f oafrc@l@q‘%@eﬁgﬁpﬁosmtﬂe% a2 Qpﬁﬁuwarefsaﬁtgﬁning a

I'n the sane may as ex e 23. The boiling point
rone.d 15 Then rdin h h
metaExQQQ\q Qg 51fv% %o &éﬁ)é:‘ctc;%?)g)%céns su a%o%ﬁgg%) ?%Jﬁgln% such
ared and the ul t,of eva uatlon of its
as afy LRREPRRACFUPRCPEIREL | beY| SIChBRRTLF MaLpTaabe qeptaining
relative dlelectrl constant was 76, the dielectric 25
_a aJlpssy Fﬁﬁﬁﬁﬁ FﬁélBapQ&QH%ﬂuﬁﬁﬁ%e%ﬁ¥%Fm%%terlals

6.7 nF/ cn2 and 45 the porosity was 11 vol unme%

contgkpipged 2 Et Pt ieqgaHe $éldent andsigpulators containing

et hyl formam de, the paste 5 conposition C 29 was

a glpsepameterhalhe sane way as exanple 23. The boiling

poi nt of diethylformam de is 177C. Then, according to
t hEhe rdtalped o 6f tix alipllect ria bbghodieieatsf ardanshashtion is
conposi tion was prepared and. the result .of ,

not EyPécRdl DY Dimitsd drel ectiiiig tehr agt eplstiss, i § BADWMLype,
in Table 6. The relative dielectric,10 constant was

etc. Ean EQ%h@is‘élrﬁféﬂérE:dirﬁéntiwgﬁfalY\@§tgo§?/°butth§t is especially

' pi‘eferab.’te tobeéafilmtype. 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 intermnal stress and an imparting heat

radiation function.

In the case of using the dielectric composition as a £ilm,
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capaci tance per area was 6.2 nF/cnR, and the porosity
was 15 vol une% Exanple 30 Except that the sol vent was
di me thyl acetani de, the paste .15 conposition C 30
was prepared in the sane way as exanple 23. The
~boiling point of dinethylacetam de is 165C. Then,
according to the nmethod of Exanple 1, a high

the €hebREEEE CAOBY ARLSCAMNPOSH 1k QN rahgs @ﬁf@ﬁtrﬁgﬁqq bl§esired

dielectric characteristics were eval uat ed

: valu%ebi‘t bgﬁagigéug@ér ' ﬁquf@t?g]tpf’&%ra%let he -4l €heCLhk Exness is

| oss tangent was 2.3% the capaC|tance per area was

F ar osi was 11 etic
0.3 anp éﬁqgkffépéigﬁb n\lqu%% X1 A ﬁ%?' f%%%? ; 1t is 2
fiII f SAKAI . CHEM CAL INDUSTRY 2
pm °£tt&‘l°11~ﬁefaﬁn 26 e G aF R eF §t51ﬁn?r%§?§a%?gtﬁ{at the £ilm
arts, a -46 bariumtitanate filler (HPB-1000. of TPL,
thickpess heaAF parid @serodpahbeefor GOBY sty ig7geveapReitance
‘ parts, y-butyrolactone 928 weight parts and a
as adeapresber, (BYK-MPELroisf tBVimenerian XapanmkKitais likely to
copol ymer having an acid group with a phosphoric-ester

~genegkéketopinh@2enetght apdr &8 wkeetmicetinantlatispebsedmes hard

under ice-cooling for 1 hour using a honogenizer, and

. to baobitapeesi. onFht gé fndrd, \igsi ol nedor Syt dledd C a dielectric -

exanple 2; Dispersion liquid X-2 A bariumtitanate

lossf tdh&&nf Bls O +f «SAKA:r EHEM &ﬁjsef WQS-EB\festQrgocooker test)
Ltd., nmean particle dianeter: 0.5 pn) 5328 wei ght

whicRarts, za t ( usl w
ok, S B A ULSh (LUl hen

-thicgaggé e&ceagay%a Chinsmen §8 wel ot o %gtt zﬁﬁﬂa%w? hdlelecmc

ersant y’rrer avi n an aCI ou

g gphorlc estar skel et on: 010 of EE
cons n KK n?f \/\k’llgrﬂrd%frt 50 "% e §udhd Cdi §|5er%%%amt°r
.under i ce- coollng for 1 hour using_ a honogenizer, and
perfgr’ﬂ?gﬁ%r’si% I PaﬁPd BT GREiNeht Bﬁﬁgangsﬂﬁfﬁeﬂ% may become
. .exanple 3; Dispersion liquid X-3 A bariumtitanate :
dl.f_fwvfg (BT-02 of SAKAI CHEM CAL | NDUSTRY 20 Co.
Ltd., mean particle dianeter: 0.18 pm 5328 meight
paklhoygh bere urppl teatien fof | Bre (RB-4 009npdsTPlon of this
Inc., nean particle dianeter: 0.059 pm 1872 wei ght '
1nvepa1®3 and butiy edkactrdnecO@Bo st Dint igpavitseapdcaally limited,
di spersant (a copolynmer having an acid group with a
r PEROr besegkeriske ekeaa BYXK VPO 3 afe BWS-ChBAECant layer
Japan KK) 72 25 weight parts were m xed and di spersed

for AMOEtd1CRA00!iiHG f1ioh RAWeridl B3 ngﬁllﬂgf@ﬂe&hﬁﬁfltor of
and a dispersion liquid X-3 was obtai ned. Synthetic -

a pr:ﬁﬁ%’@'&(réc%lg%%% E%k&%\?b%%ftﬁé ﬁD%%.m\%.‘st L1808k6nic parts

and equipments are also possible such as for an interlayer

a-co

insulation film of a multilaver substrate, a frequency filter, an
antenna for wireless, electromagnetic shielding, an optical wiring
material.

The dielectric coﬁposition of this iﬁventioﬁ is preferably

used as an interlayer insulation material for capacitors. The
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5 Co., Ltd., nean particle dianeter: 0.28 pnm) 5328
. wei ght parts, “bariumtitanate filler (HPB-1000 of
TPL Inc., nean partlcle di aneter: 0.059 pm 1872
wei ght parts y-butyrol actone 928 weight parts and a
.di spersant (a copol ynmer having an acid group.mﬁth a
phosphori c-ester skel eton: BYK-W010 of BYK-Chem e

me thdAPH £k AG £HO 1%Legmaye§rlt§sm&aﬂ %gdeandy cho%psaﬁggltors
: under ice-cooling for 1 hour using a honpbgenizer, and

‘usn.n% @hépaié_he[:‘thg“égmﬁ%él gu] do}% ?c&:e%asrp%y&taqﬁ ﬁlmlted For .

éxanpl e 5; Di spersion um ti anate
ey T R B D A B B A ecursc
ate | er (HPB- 1000 of TPL Inc., nmean particle

n
_matea‘llgﬁ,e{agra g§u g@rﬁ . i§7§a%p§h§ub5ﬁp%y obtained by forming

7-butyrol actone 928 wei ght parts and a dispersant | a

an edgF6rPRer having an acid group with a phosphoric-ester

skel eton: BYK-W010 of BYK-Chem e Japan KK) 72 wei ght
pakesther capiarddaace 2@rdiasrer sl tneleinterlaper i hgsulation

: for 1 hour using a honobgenizer, and a dispersion

matelriigli foX-capaasi tehtsaipreducSint siehd cctexdipllecéric composition
Dispersion liquid X-6 A bariumtitanate filler. (BT-SA

of tlofs KeWefos Al dld 08 pridEitabde fadt el Bs dhaif! eshgd.of greater
}im 5328 weight parts, a bariumtitanate -48 filler

than(i"ﬁ’ﬁ"/—la@fpo Qfloﬂ_gl-prlé’f(éraﬂl%anlﬁaié 1G] endi @ﬁ%@rof §+Q3%er than
pm 1872 weight parts, y- butyrolactone 928 wei.ght

10 nPAth®. 241G 3l RPN 2 1GORAYARE '%%‘éh”@ ﬁv\ég%‘ Jyhen it
group with a phosphoric-ester skeleton: BYK
KK ht . part wer e . m ed _an
is ug sp%?§£1 3§§ﬂugékﬁﬁﬂ%f%##br%f Q%SPHBS ﬁaxgltﬁ €n8 power
and i,spersion I| i,d,X-6

- n|ze
SO“rSBt% g%?h%i’?%e‘% “*?971“5?1 &FSFBH ?‘F%lhtdcin’?o}i work

barlun1t|tanate filler (BT-05 of SAKAI CHEM CAL

suffiREERTRY 28 @odeCEPEllnﬂe%ﬁP%‘é%F?Eie di aneter: 0.5 pm

6067 wei ght parts, bariumtitanate filler (HPS-2000 of
TPEE q%érEfﬁéahlsaﬂWEI@e ghangecpf RIGYE tanceld¢epending on
wei ght parts, y-butyrolactone 1523 weight parts and a

- tempdrgpersamd the cdpolgaef dapeicidaacecael thin ale fiehdare small

phosphori c-ester skel eton: BYK-W010 of BYK-Chem e
for dapapnkkKy &7 cirkhinei glit pbstsraeeeaplsedhand the change of
di spersed under ice-cooling for 1 hour using a

capaBOPRGES| d€bendifly Aofli §PLémpOFat et s Xad ¥RS1PMiRipeskible,
Synthetic exanple 8; Dispersion liquid X-8 A barium

f.or é}dain@ﬁ%t e:l.f' iid BE‘eﬁgrragﬁeQ.fo 1%3‘5@'X%%§é§:ﬁ§('\g§33¥em tature

d., nean particle diameter 61 wei

ide fill 051 Toh
of - a%a Féﬁl.zu% T R P T B Br At P12 CBAP 15
ht part rol act.one 1523 wei,

ne o o Gk tC%%X%E%%MlWﬁg aeat: 4 gt B eLerabie

that it is 5% or less (average of_ the capacitance - 5% < capacitance

£ average of the capagitance + 5%) to the average wvalue.
Furthermore, in order to reduce 'the pdwer léss of the power

source, it is preferable that the dielectric loss tangent of the

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

-30 -
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wi th a phosphoric-ester skel eton: BYK-WO010 of

BYK- Cheni e Japan 25 KK) 77 wei ght parts were mi xed and

di spersed under ice-cooling for -49 1 hour using a

honogeni zer, and a dispersion liquid X-8 was obtai ned.
- Synthetic exanple 9; Dispersion liquid X-9 A lead type
- filler (Y5V183U of Ferro, mean particle dianmeter: 5

in tHe%rdnfde GO \WAI-GR!. PREES, Ehd@IdiRidanakepbirkhies such as
(HPB- 1000 of TPL Inc., nean particle dianmeter: 0.059

. the ddPadildmh MELAAL tlpé‘ﬁtléﬂ.eclfrgﬁti’é@é %%h%%%tggg WL neasured

parts and a di spersant (a copolyner ~having an aci

" ag%%ggﬁ fp98§9E§ﬁ%C ester skel eton: BYK-W010 of

apan 8 wei ght parts mere m xed and
0 under ice-coal.ing faor 1_hour ,usin
STBEeroat oo S o SRS | i §7%50 AHSeBRLamnega be
Synthetlc exanpl e 10; Dispersion liquid X-10 A barium
prefprpi ¥ S| RLF0 (HT-T5 WL ISHMAWICHDN CALeripYSTRR e 1optical
Co.,, Ltd., nean particle dianeter: 0.5 pm 7200
wiriggj §hta pfawf%ng in pltipholsdonede tyagsmésghtnphetweandeach of,
di spersant- (a copol ynmer having an acid group of a

suchptms pasi cnedt bes I et bBYKAWY 0l noft pBYEe Chedive tiaphs usual

KK) 72 weight parts were m xed and di spersed under
electebteabodiqgat provl: Heupetsobhgea Wt ganicpeicadangdignal. When
di spersion liquid 20. X-10 was obtai ned. Synthetic

formexGngH @ptlical GRelfy®h lal AYLHt Xndlsfoderd tindr {88t €terior,
filler (BTHP-8YF of KCM Corporation, nean particle

a stfiu@ff@f@rln [ICL 0N isgﬁg\ﬂelrglﬂ:agﬁﬁb% 1ﬂd@§r fl.#_%bi" 1anad Cawiched
['ler 25 (BT-05 of "SAKAI CHEM CAl

w:.tthcqlv re ﬁ%%t&%re Fﬁdgxdi grl‘s t%?eg 5 Pmlslgiéomgoggible to

arts, ut yrol actone parts and

: subsph%gg A AR R T -

15

20

25

parts were _m xed and dj spersed

.as a ﬁgaé{} KW w72 WegI glgt lal att g of
g Gake ¥EGAHIMNBALEF T2 L notR AUAH H“&*F&géﬁ?z%? e

a dispersion liquid X-11 was obtained. Synthetic

lighexEppl 2igpal DFspessionlengui vhich travels dikpelrside £ the
bariumtitanate filler (the product made from KCM

opticel purkitticon sMBT1SAL tdl srdapopaenitcte uiamesvffigienphy small
in 10 an acrylic resin binder using a ball-mll, a

inorgarbadar V1l eardonder e s colthal wastelyngth of the light, and it
cohesion/solidification of the primary particle

is pusféfhbbe SPb ayhebyErpaiNeXdie afith LalLitiadidsidd oRt1/4 or

1200C in atnospheric air for 6 hours and grinded in a

less B (@He WdvdBshgtH assifieed . byrsctREPSLPE 500 1@ athie to

300 mesh to obtain a barium 15 titanate fill

contf‘@i"%%@?ﬁé‘c?ﬁé'ﬂ@eg' %etfen%erzlapttgfg E&E@ﬂdency of the
ynanlc scatterlng type partlc e-slze-distri t1on

refré@@fw%'ggdex 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 also becomes possible to use not only

conventionally used inorganic materials such as silicon .and

-31-
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. 15
novol k. BeBHN of TIN FHEN GEAPALY IBBONN_FK)

‘substrate wi

device (LB-500 of HORIBA, LTD.) was used for
“measurenent of the nean the particle dianeter. This
bariumtitanate filler A 5328 weight parts, the
bariumtitanate filler B (BT-SA of KCM Corporation, 20
mean particle dianmeter: 2.1 pm) 1872 wei ght parts,

- y-butyrol actone 928 weight parts and a di spersant (a

ceraf@pel, YPEt 134 18 Wk AaCtdb8tBEPe WHildh Bonsists of the organic _.
phosphorlc ester skeleton: BYK-W010 of BYK-Chem e

" matesd@Ban KK) 72 weight parts were mxed and di spersed

under ice-cooling for 1 hour using a honogenizer and

Syn%%gghs’bgn 'llﬂ:l?é“ %génélg.owafs qu aq.%%d gi ﬁ)gzgr%)]bes but this

I'C exa sperS|o rguid arf um

titanate fill of mean particle dianmeters
lnveﬁﬁéoﬁréﬁapga iﬁmfﬁgdsﬁﬁﬁg%éﬁ as that of the barium

titanate filler A of the Synthetic exanple 12 except

usi ng the screens of 1000 nmesh .5 and 600 nesh. This
bariumtitanate filler C 5328 weight parts, the

- Exampadei dmtitanate filler B (BT-SA of KCM Corporation,

nmean particle dianeter: 2.1 pm 1872 wei ght parts,
y- Buliapsecitcon2i §88d viei Igtras mta&pa;r@mbyanmmmﬂndmpersmg
copol yner having an acid group with a

undephDSphesd Liwg tsr IKAbAos ikY ke WAL eafi zRYK- bheruia titanate
Japan KK) 72 -10 weight parts were m xed and di spersed

flnaﬁd(emmg SOYAKAL EﬁEMiChﬂUINDUQI'ﬁﬁ @& hom%em f8AndPdrticle
|sper3|on l'iquid X-13 was obtai ned. ‘Synthetic

dlam?f% SN FE%?KH%%%ﬁ”b?gkﬁ%£%ﬁ40&ﬁﬂﬁﬁfﬁﬁgé¥ﬁég #§>Yeight
part D E P AR Sn SAURITE, pRT Va8 bRl P nfrkingd an epoxy

ess§RARIRH SRR A0 L %)gm“f%ﬁ D25 S enon

Epoxy resin solution Y-2 20 The e resin
ABDOCHEMFGALS ., Inc.) 10
parts, a phenol novol ak resin ("KAYAHARD'. TPM of '

- welghyt APORE S KAY A0 - aacrderateow f&md pherg¥AphREphine of HOKKO

KTG 105)) 200 weight parts, a curing-accel erator

 CHEM{CAL pINDYS$TRIN@xphi BEDOf) HIOKKER (M fAlts bNBUSTHRIt ¥ lactone

LTD.) 8 weight parts and y-butyrol actone 1000 wei ght
20 welgpargartser eAnpASte abhpos PEidch P UkagnNp¥epa¥8d by mixing,
obt ai ned. -52 Exanple 31 The dispersion liquid X-1, 82

usindeh WY1 P | V‘%eo'dtlsf‘p%:'%l%n §9RL3UNEL 1 €4HA PRRL é%&:t% resin
an agitator and thereto the reS|n solution 5 Y-1

sousfEUIE P e R R SR e A TOER Y TR . s

BEAN T

Vol LS, &Jt ! Itrf%.cgcrl]l%stso% uant | t};dogf%gg (Iigjcr)Jr.lggan:l.I? an oven
at 80°C for 15 minutes, it was cured at 175 °C for 1 hour, to the__;reby
dbtain a high dieléct:_ric constant composition of 10 pm 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 1IMHz was measured using an
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filler and the resin as 100 vol une% 10 Next, after

- coating this paste conposition on an alum num
substrate and a copper. substrate by a spin coater and
drying in an oven at 120 C for 10 m nutes, it was
cured at 175C for 1 hour to obtain dielectric
conposi tions. The stress change depending on the

mpetiam@@r ghal gzt HVve2glielhd b §aBPIPASd LdHNHFIFIMAG QBoth are
these two 15 kinds of substrate was nmeasured. by the

soldshireﬁéwlg’@@%m&r&ﬂé&@orﬂﬁl»l:% U1 KkA5E€ACARA the results

rporatlon and fromthe change the coefficient of

. are .1:1?1 Pl gﬂf?'f’” Fhe! JdQJ[;er% %c%%{%o%hkgﬁn’é@?f the high

t” was toun
cause it _Ls alno
dlelt%ﬁgflsfm&osptﬁé} COBBRRTE L0 Wais iéxtt?‘eaalgfﬁﬁ?ﬁh%lws tangent
. el ectrode was formed on the surface_of the dielectric
is 28 tthencaRarhE2RPENPHT A ¥ESal 3\ fCH apofhe porosity
- deposition, and using this and the-al um num substrate
was asV@lEEP%odes, the dielectric characteristics at 1VHz
. was neasured using an inpedance anal yzer (HP4284A and
HP16451B of Hew ett Packard) 25 according to JIS K
6911. The relative. dielectric constant was 55, -53
Examphe di el ectric |oss tangent was 3. 3% and the _
capacitance per area was 4.9 nF/cn2. Furthernore, as

a TS Ubdstd EShih&s 1 Néh L HE1 RFLS SHF Sp &R &I n ﬂeétsé:ﬁ’&Tway as
test, 100%H, 121C, two atnospheric pressures, and:

'Exam%;%e hiJur i\l%{tt er2)2 L0 wt ?%lhﬁ:lg%lgbnor r?%l ?oﬁ@ ff&i%g’g{);ﬂetvl?gs added‘

opper Su strate oun

e BEEEBEARR o U Ty B0E8, Aion meane
BT T e R TG RER

expansi on, the dielectric characteristics and PCT

~ according & dihmmeiiod @i ExepRdeciedat Blghediplegtric constant

t hi cknesses of the dielectric . conposition of 5, 10

~compagit Pon yWRSHRRARATEek | aee fhdi esuditccobeewadnation of its

"t hi cknesses was not seen, it summarized by the result

- dieleé¢tdic pohanactablistfcs15sbednpine 32 Tabldi dper Shen relative

liquid X-1, 86 weight parts was put iinto a .container
dielegtippeacbn tdn o Bothatior gt ndli d hasietic tdehdiesth composition
solution Y-1, 11 weight parts and y-butyrol actone 3
was w e RAIIS MR a%s@r ddugkhy added. apdand xesk hya;sb&filtance
a

| et-down nethod, further, It was agitated with a
& &8 4 Do, 2 ObyALNL8-pas P91 45 Phmes At
per %s #%ma t he 4norganﬁc Pafperkgoﬁggﬁt mgg g%%ﬁt 72
vqune@b putting the total quantity of the inorganic
filler and the resin

-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

-33.
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as 100 volunme% 25 Using the paste conposition thus

obtai ned, a dielectric -54 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. 5 Exanple 33 The dispersion liquid X-1, 88
comp¥ii ghbnpakiese V\?S:e@atreidmdhda tHD M SElUePRBEa AN of its
' an agitator and thereto the resin solution Y-1, 7

dlel\é’@'tQElE PAH A Sa SRy DU ¥4 olsact Qﬂgwrri V@:‘l g 't § Wer ®he high

gradual ly added and m xed by the omn ne
dlelEHH:E?o’ (%ltts t\ggﬁaa%a{ﬁs@;eﬁgtoln].%o%v: 1{'%]‘6%18 kzh{ah poros rrgl t{ehlow 20

' | t { % it
vorohBR' G5 fnd 4 e S 155 OO T2 LV B U0

resin as 100 volume. Using the paste conposition thus
obtadpedined, a dielectric conposition was prepared in-.
the sane way as exanple 31 and the result 15. obtained
by neasuring the coefficient of |inear expansion, the:
dielectric characteristics and the PCT test is shown
CompanatTabéecefampXanpl e 34 The dispersion liquid X-1, 89
wei ght parts was put into a 20 . container equipped

Wi oy rgiddtidie wag hhaeat otk rp%%ﬂa gompbemi¥nle-#, and
wel ght parts andy-butyrol actone 7 wei ght parts were

a paﬁ@%ﬂd‘slﬁiﬁ?@-alndhﬂhéeéoﬂieﬁﬁeof Ginnd QU VEHLNSH, the paste

further, it was agitated wth a ball mlIl for 1 hour

comp691995ﬁ“1rb Qop B4 &P ared MhehN Socdd Ia)ethe method

_ I norganic f er cont'ent’ was about 86 v‘%une0 put |ng

Of. E Sl Séfnee alts,o%ohlgg5@ é(cgrl(%lsclorlllés ng:agl g'n fo'sllltg".r an? hfepared
t.h bt di el ect t d

and ﬁrhe“%ae%ug%@%mgvgagé IR §ﬂr&3€h§ﬁ§s¥$ﬁﬁrg Fe5inbics is

nmeasuri ng the coefficient of |inear_expansion,. the

Showraulé} 88Plect chdfaen EbpstoRtenh@f herrlyert qontaiand in the

in Table 9. 5 Exanple 35 The dispersion [iquid X-1, 90

- pasteesopophiien viges ptRwEht of athe on td hequanfid tipedtive tpprosity

an agitator and thereto the resin solution Y-1, 2

was Ikighliumeat tan@nthe -belatoracd triee @G mise ghdnploaris waes etl.

gradual ly 10 added and mi xed by the |et-down nethod,
further, it was agitated with a ball mlIl for 1 hour
to obtain a paste conposition. At this tinme, the

Exampl@rganic filler content was about 91 vol ume% putting

the total quantity of the inorganic filler and the

F @R @S tl@gga\eg' P oéJ%fngAka é%fh%&fczﬁ?'f&%‘s&‘n‘}”céhui'rn

obt al ned I el ect
mean particle diameter: 0.5 pm) 323 welght parts, a dispersant

(BYK—W‘903 of BYK-Chemie Japan KK) 0.2 weight parts and
v-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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15 conp03|t|on was prepared in the same 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.
Exanpl e 36 20 The dispersion liquid X-1, 91 wei ght
parts was put into a container equipped wth an
prepagetiat ahaandnkhergkaitheckeskasahdlibfn o¥- litd Weishbctric
parts and y-butyrol actone 8 weight parts were ' :

char%%@kl%‘ticsac_‘&edsk?&ﬂm niﬁeﬁaﬁtiﬁt he | @ﬁ‘ﬁéj_ox‘[‘)%‘la{‘@ix}l@d ielectric

her, it was agitated w a bal our

cons.ttgn‘l).btvf'algl ?DPaStt%eC 9 ééff’{‘c '%.‘tostshltsaof as”ﬁe6% the

I'norgani c Fer”cont’ent was about 793 puttlng
- e total an f the in anic filler an
capapf gapge neSeteadas bt ¥ Bnéqiéﬁﬁéer&s'eam@m BoLumes.

t hus obtai ned, a dlelectrlc conposi ti on was prepared

in the sane way as exanple 31 and the result obtained

by neasuring the coefficient of |inear expansion, the
Examgle| éctric characteristics and the PCT test is shown

in Table 9. .Exanples 37-43 The dispersion-liquid

shpwwutiyroldd e waS vadght tpatlie st dompdsdtion C-5, and

cont ai ner equi pped with an agitator and thereto the

" the peste cofpssitioANCshoMbEving Tabkel1bent v¥EhEdEt DRAMtSe paste

-and 7-butyrolactone 5 wei ght parts were gradually

comp8dsiedoAns Misxadshyad fﬂﬁ:ép%tre‘aom'rﬂﬁhh%cof&'iﬂ %o tht method

was agitated with a ball mlIl for 1 hour to obtain a

of E feﬁomoﬁighoglef%cfﬂé c;d ar{tj.q%o'm?)%rsgﬁﬁ.'oﬁ Jvéglﬁepared :

cont ent ‘was out 7 uttlng
nt 4 NOE gan fi.ll the . .. .
ana {5} FedHitss ég?*%%é&%?%ga&%@l secteab ofifebbirtapios 1o
btal a.dielectric 0sj tj on was ared in the
Showga ﬁfaglea% exlfal?ﬁ)lree]fﬁ% “Telectrie Smssant Y RS S5, the
measuring the coefficient of linear expansion,

dieleqgbric Qs Logoend Has etk dheaparapdtapey pep greaswas 8.4
shown in Table 9 and Table 10. 20 Exanple 44 The

| hF/CIH%.s@rdsﬁdw |papasity Was0F weilgimedparts was put into a

.contai ner equi pped with an agitator and thereto the
resin solution Y-1, 7 weight parts were gradually
added and m xed by the | et -down 25 nethod, further, it.

Exampbe Bgitated with a ball mll for 1 hour to -57 obt ai n
a paste conposition. At this time, the inorganic

fidddpt CRRiteRhe VES1 Al USRI NL RedRYIL 228y¥‘9591%c{he a paste
putting the total quantity of the inorganic fil

comp@é‘gt:{&‘f deis'vféhsaéreggrgal gHEt éﬁéé}ﬁ%é{h& a%hgt oitf %lhe paste

conposition t tal ne I C conposi

'comp3§§t*$ egqied H%li%&epg? 9‘ ﬁ%fgz—pyrrgfidohe is

resu t'ai ne

202" C. Then, according to the method of Example 1, ahigh dielectric

constant composition 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/cm®, and the porosity was 26

volumes.
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measuring the coefficient of |inear expansion, the
dielectric characteristics and the PCT test is shown
in Table 10. Exanple 45 10 The dispersion liquid X-8
93 weight parts was put into a container -equi pped
with an agitator., and thereto the resin solution
Y-1, 7 weight parts were gradually added and m xed by
the |l et-down nethod, further, it was agitated with a
ball mll for 1 hour to obtain a paste composition.
Exanpiet Bi S tine, the inorganic filler 15 content was
adjusted to about 81 vqune@bputtlng t he total

he | nlc fi r_a e Les 100
vorRhes! i R s 1 Ve Rt srbedrpRlf dat AR ar by paste
|electr|c co OSi tlon mas ared in the sane ma¥
compos1iy Shpted P ARE T §ed@ 8b arfietr oy S feeduPitnghe paste
the coefficient of |inear expansion, the dielectric
compogithgprabt 8r i thePoidd nh@Pat odsethylspenalyAo¥adiecetate
10. Exanple 46 The dispersion liquid X-9, 93 weight -
is 198PCs waheput agvarding o athermeghppped Wempde 1, a high
agitator .and thereto the resin solution 25 Y-1, 7

dielweicght panssaner eogpaditlion addegranhmedethdyclideresult of

| et-down -58 .nethod, further, it was agitated with a

‘evlal’ﬁalth.oﬁl bf oy d1e|1@l¢ftrt1@ cﬁb&abaealaasbg TOMMSIH i@NTable 1.

At this time, the inorgani.c filler content was

-Thefﬂﬂéﬁﬁﬁgdi@1@@9ﬂic%@n%@dﬁﬁ%@@@h“ﬂﬂb&h@l&@%@iclosstangent

quantity of the inorganic fil ler and the resin as 100

was & %Sf‘”%%e H5520; EAfice RASE §,6AMR08 1 I-PREY RS, %t}fcflltﬂgdpoﬁosn.ty

ectric conposition was prepared in the sane way,

o _ 31 and the result obtained by neasurlng
' Was.?%e cogg?g

15

20

25

I¢ient of linear expansion, the dielectric
characteristics and the PCT test is shown in Table 10.
10 Conparative exanple 4 Using, the epoxy resin
- solution of the Synthetic exanple 14, except that the
Exampigr8anic filler dispersion liquid were not used, a
dielectric conposition was prepared in. the sane way
asE¥sempl €hag, thgndseheentswas olsttdivided coybitgdur | Ag paste
the coefficient of linear 15 expansion, the dielectric
compehat don ef i $twess pamatriedl RETthessams wAtows thatTalfl the paste
10. Conparative exanple 5 The dispersion |iquid X-10,
comp88i wkobght - par tEhevdso jlling Nbeime 26 <€l cerbeopl ppedzo2ec,
‘W th an agitator and thereto the resin solution Y- 1,

Then/ ¥WeteRHiAGr o aME MmdiHod 0bACERARpDeWRI, OBl HIAfH SaVel &ctric
~gradually added and m xed by the | et-down nethod,

cons{::&'ﬁE r@fmpdélﬂ’ﬁﬁl e tﬁt:%gar\éﬁt Qn@ Q@é lre@dllt BQr e@ah@gﬁlon of
to obtain a paste conposition. At this tine,

ltS df@f&?{} fclhl lr% t%%tsecq sV\@g Qﬁg‘lﬂl 71? ‘f’a%lléw%% p&‘flé'f‘@latlve

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 morpheline, a paste composition

-36-.
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25 the total quantity of the inorganic filler and the

resin as 100 -59 volunme% Using the paste conposition

thus obtained, a dielectric conposition was prepared

in the sane way as exanple 31 and the result . obtained

by nmeasuring the coefficient of l|inear expansion, the

'Qielectric characteristics and the PCT test is shown

D-2 wAs Tghégadda GO ameewayaaP| endt UIe tieSpaEEEOBomposition

liquid X-11, 88 weight parts was put into a container
C-2.80Phe P@tgiﬂYﬂéI' ﬁc%ﬁ.r@@! SRR RO T3] Q olgh @ T e§h 8y, | %ccording

sol ution wei ght parts and y-butyrol actone

[ S radya ) ' b s
to tHE e LR IahEL S ) hdn UG AT e Bl YopliFsa cion
mll for. 1 hqur .to obtalpn a_paste caonposition. The, .
was {hiqnared;apfl; the FESUbin AL (HALIRSI bt Of o Wi fiptectric
when | eft alone. At this time, the inorganic filler .
charaghezhpthas difothorn vbr ufabdputtti nghe Heelakye dielectric
quantity of the inorganic filler and the resin as 100
consignyowake 35usithg e ligphnd ccdmsssitangenthuasbt adhecdand the
a dielectric conposition was prepared in the sanme way

' capag$tereeqier 3ateandas 2 feaficeiprindovadijifatior in electrical

characteristics was tried. However, neasured val ues
propefte. i MnJetasityndad IR Ivalhinegreasur enent was

i npossi bl e. 20 Conparative exanple 7 The di spersion

liquid X-12, 88 weight parts was put into a container

equi pped with an agitator and thereto. the resin

c SPLUE L ONexdmdle F Weight parts and y-butyrol actone 5
Ompme%g t pgftsﬂm%re gradual ly 25 added and m xed by the

T L T -

R T LY o e —_

filler content was about 79 voluned putting the total

 that (i et Daste (FRIDH G S| | 'Ehe i kIS DEINE 85 DXRPYlene

vol ume% Using the paste conposition thus obtained, a

- glyce] eanamethylcappseitei b9 1dbS Gr eBhend aecerdinate @he method

as exanple 31 and a neasurenent of dielectric

- of Exawplactler ashigh disldatreil: ddmsdanmt, compasitddnvehsgirepared

were inconsistent and a reliable nmeasurenent was not

and tH®aesullteof 1&vADupti ehioe isaapkecdtThe hapgeteépistics is
liquid-X-13, 8893 weight parts was put into a

showt Ot 2 QeTe egUi PRRY Mift AR atidi A @NEINS A0 vhs 46, the
resin solution Y-1, 7 weight parts and : '

dieldcPiy NYsACEARGen t WPASNE . B2 LR aVBhE H Al dnee 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 pm) 494 weight parts aﬁd y-butyrolactone

71 weight parts were kneaded using a homogenizer, and a dispersion -
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15 added and m xed by the | et-down nmethod, further, it
was agitated wth a ball mlIl for 1 hour to obtain a
paste conposition. The filler of this paste
conposition was apt to sedi nent when left alone. At
.this time, the inorganic filler content was about 79
vqune@bputtlng the total quantity of the inorganic

_ 11quf'LH|i-eEf waBoh i RES! N ARSI 2R YQ&H.’JE ASERE the epagiCresin

conposi tion thus obtained, a dielectric conposition

solu¥@sni¥ epaeed r#:f’xécbﬁsiﬁg% mﬁlﬁlffamldetﬁé %‘%e com osition
0 Ras tried,

measur enent dielectric aracteristics
_ V, sured values nsi st.ent
c- 10 BlE B epad BT aRbm “atEo-HTHS .np%'%s.%ertézédf sfample 1, a

—_ arative exanple 9 Except chan ng the barium
h-lghtﬁg:o SREEET I FRRs bRt %P“P%ﬁsg‘s: 1 qf ey b PEeBRERE: BF d(gye geesult

of  SAKAI CHEM CAL | NDUSTRY Co., Ltd., nean particle
of eypLiptien OFf 5 U5 A eL8CHT Atk ¢ aRbe el 95 |Ysoshown in Table
(HPB- 1000 5 of TPL Inc., nean particle dianeter: 0.059

2. The mekdtohendlimd adte i chaongkanitt apat 395 | Fherdikléctric loss

smal|l particle diameter (HPB-1000 of TPL Inc., nean

 tangpattvas @ ditanmeher capa@58ancy der arsir asi Hin8 i Aaratend the

filler (HPS-2000 of TPL. Inc., mean particle dianeter:
porofBitP4basi 1} voltmeas tried to obtain a di spersion
liquid in the sane 10 way as that of Synthetic exanple
3. However, the filler cohered and the dispersion
liquid was unstable, and it was inpossible to obtain
Examﬁlgafie conposition. Field of industrial application
he paste conp05|t|on and the dielectric
th| e r n
RPN (o (Bt PR SRR GaRRECRL LR SR"
naterlal fpr a CIrCUIt naterlal whi ch functnons as
mean LaFAiG G ALHEC BRF 0Pt PAHM WP PRI Fhit eﬁraﬁ ang @réxg%lq«fstone
co N Chp CNN = V5_0O

VW C
‘16 welght parts were kneaded using a homogenlzer and a dispersion

liguid A-4 was obtained. Dispersion liquid”A~4 and the epoxy resin

- solution B-1 were mixed using a ball mill, and a paste composition

- 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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Ltd., mean particle diameter: 0.5 um) as the high dielectric
constant inorganic filler. 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 70, the dielectric

loss tangentAwas 2.9%, the capacitance per area was 6.2 nF/cm?, and

the porosity was 14 volume%.

Example 13

A paste composition C-13 was prepared in the =same way as

_example 2 except using strontium titanate (ST-03 of SAKAI CHEMICAL

INDUSTRY CO., LTD., mean particle diameter: 0.3 pm) as the high

‘dielectric constant inorganic filler. Then, according to the

method of Example 1, a high dielectric constant coﬁposition was -
prepared and the result of evaluation of its dielectric
characteristics is shown in Table 2. The relative dielectric
constant Wés .65, the dielectric loss tangent was 1.2%, the

capacitance per areawas 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 apd the curing agent which are
ghown in Table 2. Then,highdielectricconsﬁantcompositionswere

prepared and the Tresult of evaluation of their dielectric

characteristics is shown in Table 2. The high dielectric constant
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compositions having relative dielectric constant of 50 or greater

were obtained.

Examples 17-18
Paste compositions C-17-18 were prepared using, as the ‘resin,
a polyimide resin ("Semicofine” SP 341 of Toray Industries, Inc.)

and a polyethersulfone (5003P of Sumitomo Chemical Co., Ltd.).

‘Then, high dielectric co_nstant compositions shown in Table 3 were

prepared and their dielectric characteristics were evaluated. The

result is shown in Table 3. High dielectric constant compositions
~having a relative dielectric constant of 50 or greater were

"~ obtained.

Example 19

A dispersion liguid A-5 was obtained by mixing a barium
titanate filler (BT-05 of SAKAI CHEMICAL INDUSTRY CO., LTD., mean

particle diameter: 0.5 pm) 323 weight parts and y-butyrolactone 36

weight parts under ice—cboling for 1 hour using a homogenizer. An

_,epoky 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 €O., 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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compbhiblivh &1 s pkdp@fed. NAHACO aobr@ing €0 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 73, the dielectric

loss tangent was 3.4%, the capacitance per area was 4.3 nF/cm?, and

.the porosity was 12 volume%.

Example 20
The barium titanate (BT-05 of SAKAI .CHEMICAL INDUSTRY CO.,

LTD., mean particle diameter: 0.5 pm) 323 weight parts, a dispersant

- (BYK-W3010 of BYK-Chemie Japan KK, a gopolymer with an acid group

which has phosphoric-ester skeleton) 0.2 weight parts and

y-butyrolactone 36 weight parts were kneaded using a homogenizer,

and a _diSpersion liquid A-6 was obtained. Dispersion liquid A-6

and the epoxy resin solution B-2 were mixed using a ball mill, and

‘the paste composition C-20 was prepared. f Then, according to the

method of Example 1, a high dielectric constant composition was

~prepared and the result -of evaluation of its dielectric

characteriétics 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 CO., LTD.) 15.3 weight

~parts, a phenol novolak resin ( "KAYAHARD"” TPM of NIPPON KAYAKU CO., -
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LTD. (new name: “KAYAHARD" KTG-105)) 5.3 weight parts, a

curing-accelerator {(triphenyl phosphine of HOKKO CHEMICAL INDUSTRY

CO., LTD.) 0.2 weight parts and y-butyrolactone 24.7 weight parts

were mixed, and an epoxy resin solution B-3 was obtained. The

~dispersion liquid-A—Z and the epoxy resin solution B-3 were mixed

using a ball mill‘, and a paste composition C-21 was prepared. Then,

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

composition ‘was prepared and the result of e'valuation of its

~dielectric characteristics is shown -in Table 3. The relative

dielectric constant was 76, the dielectric loss tangent was 2.8%,

the capacitance per area was 5.6 nVF/cfnZ, and the porosity was 14

- volume%.

Example 22

Barium titanate (BT-05 of SAKAI CHEMICAL INDUSTRY CO., LTD.,

- mean particle diameter: 0.5 pm) 62.3 weight parts, barium titanate

(HPB-1000 of TPL Inc., mean particle diameter: 0.059 pm) 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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y-butyrolactone 7.1 weight parts were mixed, and an epoxy resin
solution B-4 was obtained. The dispersion liquid A-7 and the epoxy
resin solutio.n B-4 were mixed using a ball mill, and a paste
composition C-22 was prepared. Then, according to the method of

5 Example 1, a high dielectric constant composition was prepared and
the'result of\ evaluation of its dielectric chéracteristics is shown
- in '_I‘able 6. The relétive dielectric constant was 123, the
dielectric loss tangent was 3.1, the cgi)écitance was 10.9 nF/cm?
and the pbrosity was 4 volume$%. |
10 |
Example 23
An époxy resin (NC-3000 of NIPPON KAYAKU CO. , LTD.) 2.6 weight
parts, a phenol novolak réSin ("KAY;&HARD" TPM of NIPPON KAYAKU CO.,
L’fD. (new name: "KAYAHARD” KTG-105)) 0.9 weight parts, a
15 curing-accelerator (triphenyl 'phosphine of HOKKO CHEMICAL INDUSTRY
CO., LTD.) 0.04 weight parts and y-bﬁ_tyrolactone 7.1 weight parts
wére mixed and aﬁ epoxy resin solution B-5 was obtained. The
dispersion ligquid A-7 and fhe epoxy resin solution B-5 were mixed
| usingaballmill, and a pasi:e composition C-23 was prepared. Then,
20 according to the method of Exémple 1, a high dielectric'cons‘tanj:
composition was prepared and tﬁe resu.lt of e{faluation of its
dielect:_cic characteristics is shown i:n Table 6. The relative
dielectric constant wés 121, the dielectric loés tangent was 2.6%,

the capacitance per area was 10.7 ‘nF/cm® and the porosity was 4

25  volume% .‘
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Example 24

Except that the solvent was ethylene glycol diacetate, a paste
composition C-24 was prepared in the same way as example 23. The

boiling point of ethylene glycol diacetate is '190°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 95, the dielectric loss tangent was 3.1%,

the capacitance per area was 8.4 nF/cm®’ and the porosity was 8

volume%.

Example 25

Except that the Solvent Wasudiethfl maldnate, the paste
composition C-25 was prepared in the saﬁe way aé éxample 23. The
boiling point of diethyl malonate is 199°C. Then, according to the
method of Examplg 1, a high dielectric constant composition was
prepared and its dielectric characteristics were evaluatea. The
relative dielectric constant_was 85, the.dielectric loss tangent

was 2.7%, the-capacitance per area was 7.5 nF/an‘and the porosity

Example 26
Except that"ther solvéﬁt._was ethyi carbitol, a paste

composition C-26 was prepared in the same way as example 23. The
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boiling point of ethyl carbitol is 202°C. Then, accbrding to the

method of Example 1, a high;dielectric constant composition was
prepared and diglectric characteristics were evaluated. The
relative dielectric constant Was 99, the dielectrig loss tangent
was 2.9%, the capacitance per.area_was 8.8 nF/cm?, and the porosity

was 7 volume%.

Example 27

Except that the solvent ﬁas 4—methy1cyclohexanone, a paste
composition C-27 was prepared in the same way as example 23. The
boiling point of 4—me£hylcyclbhekanone is 169°C. Then, according
to the method of Example 1, a high dielectric constant composition
was prepared and.the result of_evalﬁétion of its dielectric
éharacteristics is shown.in Table 6. The relative dielectric
constant was 79, the dielectric loss tangent was 2.1%, the

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

Example 28

Except that thé solveﬁt 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,'accérding to the method of Example
1, a high dielectric constant composition was prepared and the
resulf of evaluation of itsndielectric 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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the porosity was.ll volume%.

Example 29

Except that the solvent was diethylformamide, the paste

\

composition C-29 was prépared in the same way as example 23. The

“boiling point of diethylformamide is 177°C. Then, according to the

method of Example 1, a high dielectric constant composition was
brepared and the .result 6f evaluation of its dielectriq
characteristics is shown in Table 6. The relative dielectric
constant was 70, the dielectric loss tangent was 2.3%, the

capacitance per area was 6.2 nF/cm?, and the porosity was 15 volume%.

Example 30

Except that the solvent was dimethyvlacetamide, the paste

'composition C-30 was prepafed 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.

'Therelativedieléctricconstantwas79,thedielectriclosstangent

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

"was 11 volume%.

Synthetic example 1; Dispersion liquid 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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barium titanate filler (HPB-1000 of TPL, Inc., mean particle
diameter: 0.059 pm) 1872 weight parts, y-butyrolactone 928 weight
parts and a dispersant (BYK;W9010 of BYK-Chemie Japan KK: a

copolymer having an acid group with a phosphoric-ester skeleton)

72 weight parts were mixed and disperséd under ice-cooling for 1

-hour"usi_ng a homogenizer, and a dispersion l'iquid X—llwa.s obtained.

Synthetic example 2; Dispersion iiquid X-2
A barium titanate filler (BT—OSlof SAKAT CHEMICAL INDUSTRY
Co., Ltd., mean particle diameter: 0.5 pm) 5328 weight parts, a

barium titanate filler (K-Pluslé of'Cabot Corp., mean particle

‘diameter: 0.06 pm) 1872 weight parts, y—butyrolactdne 923 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 diépersion liquid X-2 was obtained.

| Synthetic eﬁample 3; Dispersion liquid X-3

A barium titanate filler (BT-02 of SAKAI CHEMICALIINDUSTRY
Co., Ltd., mean particle diameter: 0.18 m} 5328 weight parts, a
barium titanate filler (HPB-lOOO of TPL Inc., mean particle
diameter:.0.059 pm) 1872 weight parts, Y-bﬁtyrolactone 928 weight

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

phosphoric-ester skeleton: BYK—WQOIO of BYK-Chemie Japan KK} 72

weight parts were mixed and dispersed under ice-cooling for 1 hour
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Synthetic example 4; Diséersion ligquid X-4

.A barium titanate filler (BT-03 of SAKAI CHEMICAL INDUSTRY
Co., Ltd., mean particle diameter: 0.28 pum) 5328 welght parts, a
barium tltanate flller {HPB-1000 of TPL Inc., mean particle

diameter: 0.059 nm} 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-4 was obtained.

‘Synthetic example 5; Dispersion liquid X-5

A barium titanate filler_(BT—HPBlof KCM Corporation, mean

particle diameter: 1.2 pm) 5328 weight'parts, a_bariuﬁ titanate

-filler (HPB-1000 of TPL Inc., mean particle diameter: 0}059 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-ccoccling for 1 hour using a homogenizer, and

a dispersion liquid X-5 was obtained..

Synthetic example 6; Dispersion liquid X-6

A barium titanate filler:(BT—SA of KCM Corporation, mean

‘particle diameter: 2.1 ¥m) 5328 weight parts, a barium titanate
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-filler (HPB-1000 of TPL Inc., mean particle diameter: 0.059 pum)

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

(a copolymer hairing an acid group with a phosphoric-ester skeleton:

BYK-W2010 of BYK-Chemie Japan KK} 72 weight parts were mixed and

dispersed under ice-cooling for 1 hour using a homogenizer, and

a dispersion ligquid X-6 was obtained.

‘Synthetic example 7; Dispersion liquid X-7

A barium titanate filler (BT-05 of SAKAI CHEMICAL INDUSTRY
Co., Ltd., mean particle diameter: 0.5 pm) 6067 weight parts, a

barium titanate filler (HPS-2000 of TPL. Inc., mean particle

’

diameter: 0.045 pm) 1613 weight parts, y-butyrolactone 1523 weight

parts and a dispefsant (a cbpolymer having an acid group with a

phosphoric-ester skeleton: BYK-W9010 of BYK-Chemie Japan KK) 77
weight parts were mixed and dispersed under ice-cooling for 1 hour

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

Synthetic example 8; Dispersion ligquid X-8

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

Co., Ltd., mean particle diameter: 0.5 pm)'5261 weight parts, a

titanium oxide filler {(HT0514 of Toho Titanium Co., Ltd., mean

particle diameter: 0.2 pm) 2419 weight parts, y—butyrblactone 1523

weight 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 ice-cooling for
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1 hourusinga homogeniZer, and a dispersion liquid X-8 was obtained.

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 pm) 1145 weight parts,

~y~butyrolactone 1722 weight parts and a dispersant (a copolymer

having an ad_id group with a phosphoric-ester skeleton: BYK-W9010
of BYK-Chemie Japan KK) 78 weight parts were mixed and dispersed
under ice-cooling 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 7parts 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 nm) 5328 weight parts, a barium titanate filler

_ (BT-05 of SAKAT CHEMICAL INDUSTRY Co., Ltd., mean particle diameter:
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| 0.5 pm) 1872 weight parts, y-butyrolactone 928 weight parts and a

dispersant (a copolymer having an acid group with a phosphoric-ester
skeleton: BYK-W901l0 of BYK-Chemie Japan KK} 72 weight parts were
mixed and dispersed under ice-cooling for 1 hour using a homogenizer,

and a dispersjion liquid X-11 was obtained.

Synthetic example 12; Dispersion liQuid_Xélz

After dispersiﬁg-a'barium titanate filler (the product made
ffom KCM Corporation,'BT—SA, a mean particle diameter: 2.1 pm) in
an acrjlic resin_bindef using a bali*mill, a secpndary pérticle
wasJobtained'by cohesion/solidification of the primary partidle
ﬁsing'a spray dryer. Next, after calcinating this at 1200°C in
atmospherig air forl6 hours and grinded in a mortér, it.was
classified by screens of 500 mesh and 300 mesh to obtain a barium
titanate f£iller A having a:mean particle diamefer of 40 pm. The
dynamic scattering type particle-size-distribution measuring
device (LB—SOO-of HORIBA, LTD.) was used for measurement of the
mean the particle diameter. This barium titanate fiilér 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.
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Sﬁnthetic example 13; Diépersion liquid X-13

A barium titanate filler C of 20 pm of mean particle diameters
was prepared in the same way as that of the barium titanate filler
A of the Synthetic example 12 except using the screens of 1000 mesh
and 600 mesh. Thié barium titanate fille:r; C 5328 weight parts, the

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

. diameter: 2.1 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 hoﬁr

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

Synthetic example 14; Epoxy resin solution Y-1

The epoxy resin (“Phenolite” EPPN-502H of NIPPON KAYAKU CO.,
LTD.) 400 weight parts, a phenol novolak resin (TD-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.

: Synthefic 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 CO., LTD. {new.nﬁme: "KAYAHARD" KTG;105)) 200 weight parts,
a curing—aqcélerator (triphenyl phosphine of HOKKO CHEMICAL
INDUSTRY CO., LTD.) 8 weight parfs and y-butyrolactone 1000 weight

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

The dispersibn liquid X-1, 82 weight parts was put into a
container equipped.with.an agitator and thereto the resin solution
Y-1, 18 weight parts was added graduglly and‘mixed.by the let-down
method, and further mixed withra ball mill for 1 hour to obtain

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

was about 61 volume% putting the total guantity of the inorganic

filler and the fesin as 100 volume%.

Next, after_coating this paste composition on an aluminum
substrate and a copper substrafe by a spin‘coater and drying in
én oven at 120 °C for 10 minutes, it was cured at 175°C for 1 hour
tx)obtain.dielecfric compogitions. The stress change dependiné'on

the temperature of the dielectric compositions formed on these two

kinds of substrate was measured by the stress measuring device

Elexus of KLA-Tencor Corporation, and from the change, the
coefficient of linear expansion of the dielectric composition was
caléulated. It was found to be 18 ppm/°C which is a good vaiue
because it is almost the séme value as that of copper (17 ppm/°C).

‘Next, an aluminum electrode wés fofmed.on the surface of the
dielectric compositioﬁ on the aluminum substrate with vapor

deposition,andusingthisandthealuminumsubstrateaselectrodes,

* the dielectric characteristics at 1MHz was measured using an

impedance analyzer (HP4284A  and HP16451B of Hewlett Packard)

accordihg to JIS K 6911.. The relative dielectric constant was 55,

-53 ~
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the dielectric loss tangent was 3.3% and the capacitance per area
was 4.9 nF/cm’.

Furthermore, as a result of perférming the pressure cooker
test (PCT test, 100%RH, 121°C, two atmqspheric pressures, and ldb
hours after) to the dielectric composition on the copper substrﬁte,
nothing abnormal waé found by microscope observation, and in,thé
Cross hatch_cut exfoliation scbtch‘tapé test_method'(JIS K5400),
evaluation_score was as good as ten-pointér

Here, in each measurement of the coefficient of linea:
expansion,thedielectriccharacteristicsandPCTtest,evaluations
were coﬁducted to the . three thicknesses of the dielectric
composition of 5, 10 and 20 pm. However, since a difference between -

thicknesses was'not seen, it summarized by the result of 10 pm in

Table 9.

Example 32

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

¥-1, 11 weight parts'and v-butyrolactone 3 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.
Atdthis time, the inorganic filler content was about 72 volume$
putting the total quantity of the inorganic_filler and the resin-
as 100 ﬁolume%.

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 cocefficient of linear expansion, the

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

Example 33‘

The dispersion liguid X-1, 88 weight parts was put into a
container equipped with an agitatot and.thereto thé resin solution
f—l ., 71 weight parfs 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 cpmpositibn thus obtained, a dielectric
composition was prepared in the same way as example 31 and fhe result
cbtained by measuring the coéfficient of linear expansion, the

dielectric charactéristiCs 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, 4 weight 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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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 35

The dispersion ligquid X-1, 90 weight parts was put into a

containex‘equipped.with an agitator and thereto the resin solution

Y-1, 2weight parts andvy-butyrolactone 8 weight parts ﬂvere 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 resin as 100

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

oomposition was prepared in the same way as example 31 and 'the result

~obtained by measﬁring the coefficient of linear éxpansion, 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 wéight 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 t3tal- q2dhthtd) o¥(the?inorgafiic 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.

Examples 37-43

The dispersion-ligquid 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-butyrolactone 5

weight parts were .gradual'ly 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‘confent wés

-about 79'volume% putting'the totalﬁquantity'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 ih Table 9 and Table 10.

Example 44

The dispersion liguid X-7, 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

method, further, it waé agitated with a ball mill for 1 hour to
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obtain a paste composition. At this time, the inorganic filler

content was adjusted to about 79 volume% putting the total guantity

of the inorganic filler and the resin as 100 volumes . 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 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
obtain a paste cbmposition. At this time, the inorganic filler
content was adjuStedtﬁ)about.Bl'volume% putting the total qqantity '
of the inorganic filler and the resin as 100 volume%. Using the

paste composition thus obtalned, 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

'Y-1, 7 weight parts were gradually added and mixed by the let-down
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method, further, it was agitated with a ball mill for 1 hour to

obtain a pasté composition. At this time, ‘the inorganic filler
content was adjusted to about 86 volume$% putting the total quantity
of the indrganic 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 énd the result cobtained by
measuring the coeffiéient 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 'f-butyrolac.t one 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 cdntent was about 79 volume% putting

the total quantity of the inorganic filler and the resin as 100
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composition was prepared in the same way as example 31 and the result

. obtained by measuring the coefficient of linear e:ipansion, the

dielectric characteristics and the PCT test is shown in Table 10.

Comparative example.ﬁ

The dispersion ligquid X-11, 88 weight parts. was put into a
dqntaineIVequipped.with an agitator and thgreto the resin solution
Y-1, 7 welght parts and y-butyrolactone 5 weight parts were éradually
added and miked by the 1et—down method, further, it was agitated

with a ballmill for 1 hour to 6btain 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‘ioo

volume?. Using the paste compqsition 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.

Comparativé example 7.

The dispersion liquid X-12, 88 wei.ght parts was put into a
qéntainer equipped with an agitator and thereto the resin solution
Y-1,7 weight parts and y-butyrolaétone 5 weight parts were gradually

added and mixed by the let-down method, further, it was agitated
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withaballmill for 1 hour to obtain a paste composition. The filler
of this!paste composition was apt to sediment when left alone. At
thistime,theinorganicfillercontentwasabout79\nﬂnme%putting
the total quantity of the inorganic filler and the :esin 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

not impossible.

. Comparative example 8

- The dispersion liquid X-13, 8893 weight parts was put into

a container equipped with an agitator and thereto a resin solution

Y-1, 7 weight 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 cobtained, 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 um) to a barium titanate filler (HPB-1000

of TPL Inc., mean particle diameter: 0.059 um) and changing the

_barium titanate filler with a small particle diametér (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 yum), 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 ligquid was unstable, and it was impossible to

obtain a paste composition.

Fiela of industrial application

The paste qomposition and‘the die1ectric composition of this
invention are preferably used in the field of a capacitor, an
interlayer rinsulation. material for a circuit material which

functions as a capacitor and an optical wiring material.
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SCOPE OF CLAIMS

1. A paste composgition containing an inorganic filler, a resin

and a solvent, wherein the paste composition is characterized 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 um or smaller, and the total content of the solvent
being 25 wt% or less based on the total amount of the paste

composition.

2. A paste composition according to claim 1, wherein the
inorganic filler is at 1east'oné'se1ected from the group consisting
of a barium titanate type, a barium zirconate titanate type, a
strontiumtitanatetype,acalciumtitanatetype,akﬁsmuthtitanate
tvpe, a magnesiuﬁ titanate type, a barium neodymium titanate typé,
abariumtin titanate type, a barium magnesiumniobate type, a barium

magnesium tantalate type, a lead titanate type, a lead zirconate

tvpe, 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

inorganio filler contains inorganic fillers of at least two kinds

of‘méan.particle diameter, and the greatest mean particle diameter

-73 -
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XXXXOX w0 a)0 a)U a)U d)U a)U a) Ei SCOPE OF
CLAIM5.1. A paste conmposition containing an inorganic
filler, aresin and a solvent, wherein the paste
conposition i's characterized in 5 that It contains one
or nore solvents of which boiling point is 160C or

of s@i@hﬂarﬁ%r@&c‘l@oagéﬂéﬁe%| 1 €19 of- él\’ﬁkncgn&eﬁé‘ 3P b Sr more
diameter is 5 umor smaller, and the total content of

to thgem§ﬁhﬁﬁﬂiﬂegﬁ'Egrg§cfégﬁgéme§§§ based on the total

anount o e paste conposition. 10 2. A paste

conposition according to claim1, wherein the

inorganic filler is at |east one selected fromthe
conS|st|n a_bariumt e typ a bar

oo EUREOTAILEN U 8RR LL TS, LY BB e o

bisnmuth titanate 15 t

_ |
deas g R ?§%§}$¥$§p%avaﬂ%a??uﬁ%h%6d§h¥%&&?¥¥anate

type, a bariumtin titanate type, a barium magnesium -
ni obate type, a barium nagnesiumtantalate type, a
lead titanate type, a lead zirconate type, a |ead
5. 2|%dﬁﬁﬁﬁeGﬂmpgﬁéﬁéopyﬂécoédFéﬁdtﬂ|%%%F%J{yﬁélcé F%ﬁﬁalns at
magnesi um ni obate type, a |ead nickel niobate type, a
leastegaet kikpdt af esobvenpehavingl @i o temgysterectyfR; a
| ead magnesi umtungstate type, and a titanium dioxide
type. 3. A paste conposition according to claima1,
wherein the inorganic filler contains inorganic

6. fidlmrstofcoaposdddont aockirddsg26o afiaiemd .paherelis the resin

di aneter, and the greatest nean particle dianeter -73
cont@insaadtheamopattingereasbmeters is 0.1-5 pmand is 3
times or nore to the m ninmum nmean particle dianeter.
4. A paste conposition according to claim1, which
contains at |east one kind of solvent having an ester
7. StAugheie. SompoPhsich ceeee&utmgn ©scending 10 ¢hadin the
1, which contains at

thermosetting resin is an epoxy resin.

. 8. A paste composition according to claim 1, which contains a

compound having a phosphoric ester skeleton.

9. A dielectric composition.obtainableiby‘remo#ing solvent from
and solidify_ing the paste composition described in anyone of claims
; toAS, wherein tbe content of the inorganic filler is 85 to 99
wt% based on the tbtal amount of the solid component contained in

the dielectric composition, and a porosity is less than 30 volume%.

10. A high dielectric constant composition according to claim 9,

-74 -
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Ieast one ki nd of solvent havi ng a | actone structure
10 6. A paste conp03|t|on according to claiml,

wherein the resin contains a thernosetting resin. 7. A
paste conposition according to claimthernosetting
resin is an epoxy resin. 15 wherein the 8. A paste
conposi tion according to claim1,wich contains a

‘ wherSQHpPH%é@%i‘ﬂm%ﬁﬂ%ﬂforﬁﬂa@&n@kélﬁﬂﬁ‘ thlckfless of 0.5

di el ectric conposition obtainable by renoving sol vent
r ey nd,gobhdjfYLPO: £ b aste conposition
i ogescrﬁgeg ?ﬁ anyo%e o? *aﬁﬁg 1 to 8 wherein the
content of the inorganic filler is 85 to 99 w % based
on the total anount of the solid conponent cont ai ned

in h dielectric conpaositio Qrosit
L 13@31%3%6; omeSTRIoR Rpafaifibiecet Rectanbis Flﬁer and
os tion accor to claim9,. -74 wherein_ it has
8} 0 h9ofhg ther | H T I Lknoa10eT0 Laciudes
ntor thlcker and 20 pmor thinner. 11. A dielectric
mor%Bﬁst’?’tHﬁF%&ﬁ ﬁFn]r?@g%rFWl%Bllﬁgﬁl *f mganepaghdcly dlameter
: resin characterized in that the inorganic filler
and thel gFeatastorpat PIrriele dianeterast ﬁ@édkmﬁﬁglo@artlcle
mean particle dianmeter, and the greatest nean
diamgherpcie @i bnetir agfd $a @ kdmespart meke tdi theteinimgm mean
0.1-5 pmand is 3 tines or nore to the m ni mum nean
partpaiei dLlemgtaneter. 10 12. A dielectric conposition
according to claim 11, wherein the inorganic filler
is at | east one selected fromthe group consisting of
a titaniumdi oxide type, a bariumtitanate type, a
12. baxidimlettiienabepbistiadeheatypedingstd altaiuniili, t @natein the
type, .a calcium 15 titanate type, a bisnuth titanate

'_ inorgyfec HlIRGNES| AMlkakanaie deiptedif banithe geodpniomisting

titanate type, a bariumtin titanate type, a barium

| of aMBgNesiim NaDHR@e t YPBe, A abasd tiiNBgNESh AR t 29HA), Al barium

15

20

25

type, a lead titanate type, a lead zirconate type, a

zircbfafeZikhieanRAtE thipldndd estzy@&u@mleﬂeaﬁaeaatt?pbyp% @& lcium
| ead magnesi um ni obate type, 20 a | ead ni ckel niobate

_tltaltﬁ@@ tﬁaé eadbié’tﬁ‘l.g@ﬂ aliq At tgpedl £ind rff‘netsli%ﬁt:ﬁlt:ﬁnﬁ}f@etype,

a lead nagne3|un1tungstate type. 13. Adielectric

a bafpurmolééaa fﬁece{ﬁt tot hé n@tlﬂa?M}Er@iﬁ]'tMana@e type, a

vol une ra I o of {UHE € 1 norgani c
{ 0l : ' ' .
o R 0 S B Bl o A OBLIRT Ly LLAES v,
a leggr%l%gga%%%%%%eLess 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.

13. A dielectric composition.according'to claim 11, wherein, V£,

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

-75 -
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14. A dielectric conposition according to claim 11.
wherein said resin contains a thernosetting resin. 5
15. A dielectric conposi tion according to claimi1l,
wherein said resin is an epoxy resin. 16. A dielectric
conmposition according to claim1l, which 10 contains
a conpound having a phosphoric ester skeleton. 17. A

sollﬁaﬁéﬁhhoisU§b@go£hﬁoP§S£§d09§@°§£t 18850r the

dielectric conposition of claim1l or 11. 15 18. An.
optical wiring using the. paste conposition or the
di el ectric conmposition of claim1l or 11.

14. A dielectric composition according to claim 11, wherein said

resin contains a thermosetting resin.

15. A dielectric composition according to c¢laim 11, wherein said

resin is an epoxy resin.

- 16. A dielectric composition according to claim 11, which

contains a compound having a phosphoric ester skeleton.

17. A capacitor using the paste composition or the dielectric

composition of claim 1 or 11.

18. An optical wiring using the paste composition or the

dielectric composition of claim 1 or 11.
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