1 ' DESCRI PTI ON RESI N COVPOSI TI ON AND HYBRI D | NTEGRATED Cl RCUI T BOARD MAKI NG
USE OF THE SAME 5 TECHNI CAL FI ELD The present invention relates to a resin
conposition which is suitably used as an insulating |layer for a netal base
circuit board because of being excellent in io electrical insulation, having
a high thermal conductivity and being excellent in adhesion to a

heat -di ssipating nmaterial, in particularla netal plate, for an electrica
conponent or electronic conponent, the netal base circuit board having a
circuit disposed on a metal plate thPBSgRIPEI®Re i nsul ating |ayer. The
present invention also relates to a nethod for preparing the
above-nentioned resin material, and a substrate for a hybrid integrated
circuit and a circuit board, which nake use of the resin conposition. 20
BACKGROUND ART There has been kRo%ANaCHAP@PIBAQR 8NPcuit board which

includes a circuit through an insulating | ayer made of a resin with an
i norganic fill &YBRID (-,IGIIt%W&A&EP, CAr§ tﬁ@é’ﬁ@ AT NEIPe & KB AE esi n

conposition for such an insulating |ayer, which is densely filled with a
spherical Sinorganic filler to have not only a sufficient 2 adhesive force

as an adhesive conposition but also a high thermal conductivity (see Patent
Docurment 1). TECHNICAL FIELD

The present invention relates to a resin compositioh
which is suitably used as an insulating layer for a metal
base circuit board because of being excellent in

10 electrical insulation, having a high thermal conductivity
and being excellent in adhesion to a heat-dissipating
material, in particular a metal plate, for an electrical
component or electronic component, the metal base circuit
board having a circuit disposed on a metal plate through

15 the insulating layer. The present invention also relates
to a method for preparing the above-mentioned resin
material, and a substrate for a hybrid integrated circuit
and a circuit board, which make use of the resin
composition.

20
BACKGROUND ART

There has been known a metal base circuit board
which includes a circuit through an insulating layer made
of a resin with an inorganic filler filled therein, and

25 there also has been known a resin composition for such an
insulating layer, which is densely filled with a

spherical inorganic filler to have not only a sufficient



Pat ent Document 1: JP-A-2-286768 5 DI SCLOSURE OF | NVENTI ON PROBLEMS THAT

THE INVENTION IS TO SOLVE As exanpl es of such a spheri cal

inorganic filler,

spherical silica and spherical alum na have been known. These materials
have problens in that although these 10 materials are able to be used for
produci ng a substrate or a circuit board having excellent properties, these
materi al s are expensive because of being produced by a specific production
met hod using flane fusion or the like.  For this reason, enphasis has been
pl aced on usi¥henivs FBEYams caRirfleeshse .CRPrRRPLHL PR oBYE 2} 8adR| igh
available to produce a resin capable of acconplishing the above- nentioned
properties i ntReEndhoeRRAYCtivity LpedpPberbfLPefemdRestht invention to

provide a substrate and a circuit board, which, although

being 20 made of

an inorganic fillBREGBEADEFUREBH pfodult 2 af e28apaBl e of providing a highly
reliable hybrid integrated circuit because of having excell ent adhesion to

a netal plate or netal foil and exhibiting a high thernal

conductivity. 25

MEANS FOR SOLVI NG THE PROBLEM The @éesent invention is directed to a resin 3

conposi ti &n cORPrFEFHRE OB ufRHERTE
curing agent for_the QP resin;
curabl e agent?R%ﬁ%$%$n

The s present invggtion is further directed to resin

in conprising an epoxy resin and a
n_inorganic filler filled in the

[0)¢ and_ _a
Hp eT%%rFN%E%E£9¥ E%n%?i%%%vg phenol novol ak resin.

examples of such a spherical inorganic filler,

spherical silica and spherical alumina have been known.

These materials have problems in that although these

10 materials are able to be used for producing a substrate

or a circuit board having excellent properties, these

materials are expensive because of being produced by a

specific production method using flame fusion or the like.

For this reason, emphasis has been placed on using an

15 1inorganic filler as a crushed product readily available

to produce a resin capable of accomplishing the above-

mentioned properties in the industry.

It is an object of the present invention

to provide

a substrate and a circuit board, which, although being

20 made of an inorganic filler as a crushed product, are

capable of providing a highly reliable hybrid integrated

circuit because of having excellent adhesion

to a metal

plate or metal foil and exhibiting a high thermal

conductivity.
25

MEANS FOR SOLVING THE PROBLEM

The present invention is directed to a resin



conposi tion, wherein the inorganic filler conprises a coarse powder
containing particles having an average particle size of 5 to 20 pim
preferably particles having a nmaximum particle size of 100 pm or bel ow and
a particle 10 size of 5 to 50 pimin an anount of 50 vol % or above; and a
fine powder containing particles having an average particle size of 0.2 to
1.5 pm preferably particles having a pa®ticle size of 2.0 pmor belowin
an anmount of 70 vol-*. or above, In a preferred node, the above 15

ment i oned r esFOMRTHOEPR | FPMPLLPIRP AR eGP tha¥CEHe COTRBbFENFedPn is in an
anount of 25 to 50 vol % and that _the inorganic filler conprises a_coarse
powder in an SREBINECDHIN 3anE 02 7OULHRY, 3P FPRetPOVRRPXY ntaRlB8RE of 3
to 24 vol% In a further preferred node, the above 20 nentioned resin
conposi tion & ptRpEdalGofthher at11eadt 1nt Hae coaF 3R poBRE colPrF SRR
particles made of a  crystalline silicon dioxide. In a particularly
preferred node ?%@1%%0@%@%%n??%ﬂﬁﬁs?%s?nPE%%%%sP?V%%aﬁsr%?éBaréﬂ“aso t hat
each of the coarse powder and the fine gowder 25 conprises particles made of
a crystal Fi nePEFF§Ron By RFHe? 19rivhtl ¥h@1¥?ﬁEe§oﬁﬂe? ESRPli ses particles
made of a spherical alum num oxide. 4, The resgnt invention is directed to
a resin- cur e PFRELE IR RET R t HRe abBOEINRHE | bhetSF eSPRPELRBBsPt i on
preferably having a thermal conductivit S The present

Pvent on’ i s SHTEEE ROTOEE SOBLEFALRIrBYrCAcToB DAY i AP cEF AP Car¥Fcui . whi ch
comprises a netal; pubstratsr ancinsyl abi ng Layvel, feresited, o0 fhg;fgtal
a maximum particle size of 100 pm or below and a particle

10 size of 5 to 50 pm in an amount of 50 vol% or above; and
a fine powder containing particles having an average
particle size of 0.2 to 1.5 pm, preferably particles
having a particle size of 2.0 pm or below in an amount of
70 vol% or above. In a preferred mode, the above-

15 mentioned resin composition is prepared so that the
curable resin is in an amount of 25 to 50 vol%, and that
the inorganic filler comprises a coarse powder in an
amount of 34 to 70 vol% and a fine powder in an amount of
3 to 24 vol%. In a further preferred mode, the above-

20 mentioned resin compdsition is prepared so that at least
the coarse powder comprises particles made of a
crystalline silicon dioxide. In a particularly preferred
mode, the above-mentioned resin composition is prepared
so that each of the coarse powder and the fine powder

25 comprises particles made of a crystalline silicon dioxide,
or that the fine powder comprises particles made of a

spherical aluminum oxide.



substrate and conprising the above-nmentioned resin conposition; and netal
foil disposed on the insulating 10 |layer. The present invention is directed
to a substrate for a hybrid integrated circuit, which conprises a netal
substrate; an insulating |ayer deposited on the netal substrate and
conprising the above-nentioned resin 1s conposition; and netal foil disposed
on the insulating I|ayer, wherein the netal foil is processed to forma
circuit. Further, the present invention is directed to a nethod for
preparing the abo¥bengrtgssiidd BYERL2ONCcEPpodi¥eonedwiioc R c§RPANsE€8Yedxi ng
an epoxy resin and a curing, agent of a phenol novol ak resin; and bl endi ng
and ni xi ng aRYPABFHaAPEPFLFLBY GhenhabAEenRRLLeNBEf EEE 1BUFPRGOSTRA OPresent
invention is directed to a netal base circuit_board, which conprises a
netal substraPEefgrabiyt hayynonsy| sbprgalay e BiEposdd oAft He etal 5-0
substrate and conprising the above-nentioned resin conposition; a circuit

di sposed on t REmKi r st insulating layer; a second 5 insulating |ayer

di sposed on the first insulating |layer _and conprising the_ above-nentioned
resin composi ti onThgnBregerfr 0VendiopodeddsnerhedsECord Skstiratiend Aayer .
EFFECT OF THE I NVENTI.ON s The resin conposition according to the_present

i nvention has®eR¥BFLENiNEAHERFBH £AraUuiet allprat ECBPTifEFal M6FPlnmde of ,

e.g. alum num copper or an,allﬁg ,theieof bgcause of being made of a
sel ect ed epoxyuPB5sFAteandRalRelettiBIclrYRYy 9GBAFIEGH PRetBFoR¢tAesin and

substrate and comprising the above-mentioned resin
composition; and metal foil disposed on the insulating
10 layer.
The present invention is directed to a substrate for
a hybrid integrated circuit, which comprises a metal
substrate; an insulating layer deposited on the metal
substrate and comprising the above-mentioned resin
15 composition; and metal foil disposed on the insulating
layer, wherein the metal foil is processed to form a
circuit.
Further, the present invention is directed to a
method for preparing the above-mentioned resin
20 composition, which comprises mixing an epoxy resin and a
curing agent of a phenol novolak resin; and blending and
mixing an inorganic filler with the mixture before curing.
The present invention is directed to a metal base
circuit board, which comprises a metal substrate; a first
25 insulating layer disposed on the metal substrate and
comprising the above-mentioned resin composition; a

circuit disposed on the first insulating layer; a second



10" containing a selected inorganic filler having a specific particle size
distribution. The resin conposition according to the present invention is
suited for conponents having an excellent electrical insulation and an
excel l ent thermal dissipation for an electrical is conmponent or electronic
conponent, in particular a substrate for a hybrid integrated circuit and a
circuit board, because of providing a resin-cured product having a high
thermal conductivity. The resin conposition according to_the present 20

i nvention is HbEAENE ol R LEIRRLProRivehe T sy BRSULREENY ehRYPEat

resi stance. The_resin-cured product according to the present, inventiogn is
not only exceMEONRE LS| o t IPNER AMeBetOned she kR eF PBRPS T hietec? it cal

i nsul ation and thermal 25 conductivity. Since the resjin-cured product
according to at?k??ﬁ%%eﬁ&sP?ﬁéﬁn?%nt?% SRCPRGNIRZUIaEIRG KayeW nK in
thermal conductivity in a preferred node, the resin-cured 6 product is
suited for a.?Eﬁﬁc%i%%i¥ﬁﬁi¥EW$HEE9¥aI for an electrical conponent and

el ectroni ¢ conmponegnt containinggsa substrate.for a hggrid integrated

circuit, and a ctreuFESbBaramPesFhicR BSEPLREENIt he ERPCRFESEBErd and t he
mul tilayer <cjrcuit, board accordjng to.the. present invention are able to be
usedltoyeasiI%n%éﬁEﬂ?P:hﬁﬁgﬁ¥9efL$$%bT%h%§b$?dtoi%t%ﬁgﬁfeé9ﬁF?c8Ft because
of making ful nerits of a resin-cured product _to

l Tha | | ent
" 10 el sct  IRSTAT v hTRAE S et e L EBHIEG | SPPRe By SRsPRGaL AT

above-nentlOﬂgﬁ%{g@%r&g@% é@léfogéing made of a selected epoxy resin

and a selected curing agent for the epoxy resin and

10 containing a selected inorganic filler having a specific
particle size distribution. The resin composition
according to the present invention is suited for
components having an excellent electrical insulation and
an excellent thermal dissipation for an electrical

15 component or electronic component, in particular a
substrate for a hybrid integrated circuit and a circuit
board, because of providing a resin-cured product having
a high thermal conductivity.

The resin composition according to the present

20 invention is able to provide a cured product having an
excellent heat resistance.

The resin-cured product according to the present
invention is not only excellent in adhesion to metal but
also excellent in electrical insulation and thermal

25 conductivity. Since the resin-cured product according to
the present invention is as high as 1.5 to 5.0 W/mK in

thermal conductivity in a preferred mode, the resin-cured



The production nethod according to the present invention is able to prevent
bubbl es fromstaying in the resin conposition by blending an epoxy resin, a
curing 15 agent for the epoxy resin and an inorganic filler in a specific
order and m xing these nmaterials. As a result, the resin-cured product
produced by this production nethod achi eves the advantages of stably having
a high electrical insulation and a high @l ectrical conductivity. 20
Consequent |y, the production nethod according to the present_invention is
abl e to cont rIRERAYCE ol HrvdteRd sfoniyHsat cliapirathing vatex byt afed aircuit.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 25 The epoxy resin used in the
present inverfieAtHESAl HTRIRNE HHDVIL LPOEGN @ sTPMPRRRML a8CRE HiBHRGBNOI A
type epoxy resin, a bisphenol F type epoxy resin and a 7 hydrogenated

bi sphenol A t§peilgiosate efs%.aﬁhﬁdwgl%ubrhte%%i%,cyw*s‘bhm% A type epoxy
resin is preferably selected because of being excellent in electrical

i nsul ati on arftiHErhErOFhduct i on and being suited for s obtaining a
resin-cured product having an excellent heat, resistance. It_is_further
preferredSthat t hEM®i SPpRRERtey tipe CtpoRytrierhdnane bhReepbkyiégiirval ent of
300 or below. ., When the epoxy equjvalent is 300 or below, |t is possible io
to prevent trfél’%cflﬁst‘slk?c?ﬂ(rcgear%qcfvijjd’fgt% Hre pPERDENM A 1YYRPt EP0x§TE e@Phef rom
bei ng reduced taq decrease Tg, ,consequently prevent heat_ resistance from

bei ng reduced© e i‘f‘r‘g%‘?ctef%ee%ﬁ]blﬁé e B s?)hléﬁ%l'l‘-lﬁ ’E?/ﬁb‘%é}o%x]?/y?%?in is of a

hi gh nDlECU|a{négg¥gt£%”é£¥gdié égggsgagg’méﬁiﬁg full use of the

merits of a resin-cured product to be excellent in
10 electrical insulation and thermal conductivity by using
the above-mentioned resin composition.

The production method according to the present
invention is able to prevent bubbles from staying in the
resin composition by blending an epoxy resin, a curing

15 agent for the epoxy resin and an inorganic filler in a
specific order and mixing these materials. As a result,
the resin-cured product produced by this production
method achieves the advantages of stably having a high
electrical insulation and a high electrical conductivity.

20 Consequently, the production method according to the
present invention is able to contribute to provide a

highly reliable hybrid integrated circuit.

BEST MODE FOR CARRYING OUT THE INVENTION
25 The epoxy resin used in the present invention may
comprise a known epoxy resin, such as a bisphenol A type

epoxy resin, a bisphenol F type epoxy resin and a



15 possible to prevent a problemthat if the nolecular weight of the
curable resin increases, it is inpossible to obtain a uniformresin
conposition because the curable resin changes froma liquid formto a solid
form making it difficult to blend an inorganic filler in the curable 20
resin. It is also preferred that the bi sphenol A type epoxy resin have a
hydr ol ysabl e chl ori de concentration of 600 ppm or bel ow. Wen the
hydr ol ysabl e chl oride concentration is 600 ppmor below, the resin is able
to 25 be usdayderopraladosephenat eAfbYPa ERBXY dreptegr AT 34U t havi ng
a sufficient noisture resistance. The hydrol ysabl e chloride concentration
nmeans the 8 XNkt ratPopPenet AntYPeheRPXder ¢ipurifirsefehtbtvYne ions
that are hydrolyzed in the presence of water) formed _by side_reaction when
synt hesi zi ng $PHEC@PR%YPEER1FE TRE PRERBneXFAVERRT ol uBL8C R Rdkol novol ak
resin as 5 the curing agent for the above-pentioned epoxy resin_ It is
preferred thatR$hbadpheRofNAovBEERAt eSPRANGLECR ARALREINGVERAERANEPECUI ar

wei ght of 1,500. Wen the nupber average_nol ecul ar weight is_1, 500 or bel ow,
it is podsi bPRERBIPEBVRNTERIPF OBF &fh PRaturt P%VHF‘Hf?’&uF%‘C?ilelié BeERd the
inorganic filler, in the curable resin because the softening point of the
curabl e resi F¢31RFYRCtt is preferred that the phenol novol ak resin have a
hydr ol yzabl e chl oride cgoncenptrati on of 10 m or bel ow, en the

hydr ol yzabl e chIoFFdéschEEHFFaPFS erge OtBSH1BLe1§158h8ﬂP t fiet¥RENoO
novol ak resin is able to ge used to obtain a. supst agg for g Txbrid

i nt egr at ed ci TROKY ﬁ%@fﬂg ave an epoxy edqulvalent o 0 or below.

When the epoxy equivalent is 300 or below, it is possible
10 to prevent the crosslink density of the bisphenol A type
epoxy resin from being reduced to decrease Tg,
consequently prevent heat resistance from being reduced
as in a case where the bisphenol A type epoxy resin is of
a high molecular type. Further, in this case, it is
15 possible to prevent a problem that if the molecular
weight of the curable resin increases, it is impossible
to obtain a uniform resin composition because the curable
resin changes from a liquid form to a solid form, making
it difficult to blend an inorganic filler in the curable
20 resin.
It is also preferred that the bisphenol A type epoxy
resin have a hydrolysable chloride concentration of 600
ppm or below. When the hydrolysable chloride
concentration is 600 ppm or below, the resin is able to
25 be used to obtain a substrate for a hybrid integrated
circuit having a sufficient moisture resistance.

The hydrolysable chloride concentration means the



a sufficient noisture resistance. The present invention uses an inorganic
.filler having a specific particle size distribution. 20 Specifically, the
inorganic filler may conprise a mxed powder conprising (a) a coarse powder
containing particles having a maxi mum particle size of 100 umor below a
particle size of 5 to 50 umin an amount of 50 vol % or above and an average
particle size of 5to 20 pm 25 and (b) a8fine powder containing particles
having a particle size of 2.0 umor below in an anount of 70_vol % or above
and an aver ageCPpEPRiEd el el zof oPrepni¢ ochlaride pyhkt £88r SELpBREBE cont ai ns
particles having a particle size_ of fo 50 pmin an ampunt of 50 vol %
preferably 60X9%F oblgl aFF H¥IEgEY pedtt 121 eheipkesfnee 1ot watpm preEPefabl y
10 to 15 pm The féne owder caontai ns sﬁgarticles having a garticle si ze of
2.0 pmor belBW FHAGNTCARLLAR BREFOSYRFIG M DS BheraBe*BaFEfele size of 0.2
to 1.5 pm preferpgbly 1.0 t0.1.5 801 Wien a cogrse pomde; ?nd a.fine
powder, each of £ cRTRESTE hEnYBBY A Re HEFBN_IPRERRLf PRVBARE EFE1DpaS
distribution, are m xed and usgd, it is possible,.to .attain the.objeéﬁ of
the presertt inventiHindi ¥PORt LT ngRe a?PPYor GanF tOreRI 8POXENESFAng & coar se
powder and a fine omde%, ﬁach of mﬁich IS nafe of sghe i cal partgcles. The
i nor gani c fil}%rp5$€?¥E% 1 EP2h the BPeRehtP%CtAbehefon RAYEcBrBPPBETany
material, such as an al ninrn1 oxi de afs'lgégn qﬁﬁgiqﬁ? a nqgnesiun1oxide,
an al umi num AYETFHE, "a ST eon"Nt Y Fd% aht®a’ bor ot hit1T €748 long  as a
sel ected matet)al \0as, a0 8PSt h&2bnE N2Y! 21560 8P%e1ow, it is
possible to prevent a problem that it is difficult to
10 blend the inorganic filler in the curable resin because
the softening point of the curable resin is high.
It is preferred that the phenol novolak resin have a
hydrolyzable chloride concentration of 10 ppm or below.
When the hydrolyzable chloride concentration is 10 ppm or
15 below, the phenol novolak resin is able to be used to
obtain a substrate for a hybrid integrated circuit having
a sufficient moisture resistance.
The present invention uses an inorganic filler
having a specific particle size distribution.
20 Specifically, the inorganic filler may comprise a mixed
powder comprising (a) a coarse powder containing
particles having a maximum particle size of 100 um or
below, a particle size of 5 to 50 um in an amount of 50
vol% or above and an average particle size of 5 to 20 um,
25 and (b) a fine powder containing particles having a

particle size of 2.0 pum or below in an amount of 70 vol$%

or above and an average particle size of 0.2 to 1.5 um.



is a nore excellent thermal conductivity than the resin. 20 Anpbng them the
coarse powder preferably conprises particles made of a crystalline silicon
di oxi de (quartz) because of having a thermal conductivity of 12 WnK

(laser flash method) or above. Wen the resin conposition and the cured
product thereof according to 25 the present invention are used as a heat
dissipating material for an electrical o electronic conponent used at a
hi gh frequency, such crystalline silicon dioxide ,is 10 preferably selected

in terms of ease TREeRSBFFRGPAVAPEqLPREAIBFeRREFASLePNBAVAPPOR because of
having a dielectric constané of 4.0 or below (at 25C agd at 1. _Miz). s In
terms of easeéP3FRtERsErFhee 05uf FRi 2Rt Mol Rt @ eaMPBRFsPhnel %81&:substrate
for a hybrid intfgrggﬁd circuL;, it is @referred thai t he aboye-nenti oned
crystal line BYSFCHRPHY oY dEOhav@An?R| BEEFRESI PRBhUGLE $FEF BF Bot°pS/cm or
bel ow or contajin ionic | rities of Cl- or ' 10 in an amount of. 20 ppm or
bol ow. Al t hough WP oheet BrakEt £ et 5 Hny S B4 ROV A D ned
mat eri al s may be of coq&se.used as the1 fine paﬁdsr of the hn?rganic filler
accor di ng %t o RAECIPl e8P VinT At PR QL Fi AtZBoRbef - BoHPr PEi RGIPEr tFcfBs is
made of the above-nentioped crystalline silicon djioxide .is eferaply used
bocause of  betHiiEhpabl 20 oroLhy b MY SUSFauF Paht L. Py Bt Shad RoR I ow
dielectric COP;%ant, a Fi?hagle£t5igal iEsuIation and a hi gh thernal
conduct i vi ty, ~whi B’ aPeSt it Fiehced byopﬁe fB8tures of the 20 crystalline
silicon dioxide. %ﬁgnlgog 3958 LB%EQE a%d a fine powder, each of
which has the above-mentioned specific particle
10 distribution, are mixed and used, it is possible to
attain the object of the present invention without using
an inorganic filler containing a coarse powder and a fine
powder, each of which is made of spherical particles.
The inorganic filler applicable to the present
15 invention may comprise any material, such as an aluminum
oxide, a silicon dioxide, a magnesium oxide, an aluminum
nitride, a silicon nitride and a boron nitride, as long
as a selected material has an electrical insulation and
is a more excellent thermal conductivity than the resin.
20 Among them, the coarse powder preferably comprises
particles made of a crystalline silicon dioxide (quartz)
because of having a thermal conductivity of 12 W/mK
(laser flash method) or above. When the resin
composition and the cured product thereof according to
25 the present invention are used as a heat dissipating

material for an electrical or electronic component used

at a high frequency, such crystalline silicon dioxide is



preferably made of spherical particles, such as spherical silica particles
or spherical alum na particles, because of being capable of increasing the
flowability of the resin conposition to further increase the filling anount
25 of the inorganic filler, with the result that it is possible to obtain a
resin-cured product having a high electrical insulation and a high thernmal
conductivity. 11 In the present inventi @A, the curable resin and the
inorganic filler_are preferabl bl ended in such a , blending ratio that the
curabl e resi PEeE LAY aﬁﬁiﬁﬁ 11?5tq’6“%03§5/(ﬁ@/%eanw tHE Yt HE i hor gani ¢
filler contains a 5 ar se | nt of 34 70, vol % and a fine
powder in an ]%‘?rﬂﬂf'rﬁedcc)fe 1ﬁla o‘tmféuj}r TrEter VHterded in such a
bl ending ratig that the curable resin |s |n an am)unt of 28 to 45 vol % and
that the i norf@lisCtRiq BT B TR REPINERT i 9 &n o dt Tof 40 to 60
10 vol % and ﬁ’f i,ne powder in an anount of 10 to 22 vol % When the bl endi ng
ratio is wt t*he above- rrentioned ranges it is possi ble not only to

form bl dt dt d
o bue T ot on Dot eiS ot sERe0is ??Wr’c‘ﬁ%o‘fr‘%%ﬁlgghi:&e{”ér‘F‘??FEP’???]W? he

curable resin, wth the result that it t 0, st abl obtan
resi n-cured ﬁosdllgctiarh |"’f‘Fg aa té]é?treentof h%o}ﬁbzrf ﬁ%%??ﬁ??%daﬁﬁrﬁlﬁl
excel | ent eI ct.rical nsul When_ .,a substrate ci rcwhboard or a

hybrid int egra ed cprrecw]fre tf}é% tc}é? ab%ve us‘?rhtl?% 0" %bove- et | oned
curabl e resin,; ’lgcdr{‘oci%%wt&e fﬂAhI Y re?cé%fééf a&?nd&é‘&&ié&“&f peard or the

hybrid |ntegra cir
nS/cm or below or contain ionic impurities of Cl™ or Na*
10 in an amount of 20 ppm or below.

Although crushed products made of any one of the
above-mentioned materials may be of course used as the
fine powder of the inorganic filler according to the
present invention, a fine powder comprising particles

15 made of the above-mentioned crystalline silicon dioxide
is preferably used because of being capable of obtaining
a resin-cured product having a low dielectric constant, a
high electrical insulation and a high thermal
conductivity, which are influenced by the features of the

20 crystalline silicon dioxide. The inorganic filler is
preferably made of spherical particles, such as spherical
silica particles or spherical alumina particles, because
of being capable of increasing the flowability of the
resin composition to further increase the filling amount

25 of the inorganic filler, with the result that it is
possible to obtain a resin-cured product having a high

electrical insulation and a high thermal conductivity.



Several known nethods are applicable to the method for preparing the resin
conposition according to the 25 present invention. However, it is preferred
to enploy the following nethod since it is possible to prevent bubbles from
being involved in the resin conposition and 12 to stably obtain a

resi n-cured product which is excellent in adhesion to netal, has a high

el ectrical insulation and is excellent 14 thermal conductivity. The net hod
for preparing the_resin conposition s according to the present invention is
characterized in TRhaReaRrepeRry #BYEPRCISN N %Re GR¥aPhechieFiy agenthRade of

a phenol novo] ak resjn,_foll owed by blending and m xing an inorganic filler
with the ni xtiRFEFALT E MG hPpTreHRr e &%Pligrm%%%diwm‘il%hrét hod may
conprise a known m xer, io0 such as a versatile stirring m xer

a
sun- and- pl ane?1eRAINT | FRF LR M N e eHERP LA F S 1 ek Ut KhedBRYE TRE

m xi ng conditions may be properly determned. The mxjn rocess i s not
required to Hﬁ@ét%p%%iY?%gc i?g% s?hQT&P?EgﬁWﬁ%ug%ﬁi%goﬁgE?aéﬁﬁo?ding to
the present 15 invention is, characterized to be a rodgct obt ai pabl e by

curing thé ablofRREFRMPEIRT Fosth TBMPYsi e ot 1o FAVEPH® #gnefLtleric
5ol acion and, s BLgh (et el SOndupt vl (1 S0f{ 0,0 sxcelbentLnypdhest o
oot outed BEPHNELa EOLSLDS, U9 e RS PRDl | INENCIRD L ogpelLegble @ the
cLeetTonte COIPOnEnts bl 581 B CHh ol RSt Rar L siLaathod o be
filler contains a coarse powder in an amount of 40 to 60
10 vol% and a fine powder in an amount of 10 to 22 vol%.
When the blending ratio is within the above-mentioned
ranges, it is possible not only to uniformly blend the
curable resin and the inorganic filler and to avoid
porous formation but also to densely fill the inorganic
15 filler in the curable resin, with the result that it is
possible to stably obtain a resin-cured product having an
excellent thermal conductivity and an excellent
electrical insulation. When a substrate, a circuit board
or a hybrid integrated circuit is fabricated by using the
20 above-mentioned curable resin and inorganic filler, the
substrate, the circuit board or the hybrid integrated
circuit is highly reliable.
Several known methods are applicable to the method
for preparing the resin composition according to the
25 present invention. However, it is preferred to employ

the following method since it is possible to prevent

bubbles from being involved in the resin composition and



25 integrated circuit, and a circuit board. In a preferred enbodinent, the
resi n-cured product according to the present inventionis as high as 1.5 1to
5.0 WnK in 13 thermal conductivity. Each of the substrate and the circuit
board according to the present invention is configured so that the
above-nentioned resin conposition is disposed as an s insulating |ayer on a
netal plate, and netal foil, which is n&de of alum num copper an all oy
thereof etc., or a_circuit, which is obtained by subjecting the netal foil
to, e.g. etcHihgtalwidesdd orratid iGisRhtRTRAYHy e ichrhks sepee t kRt and
the circuit board_according to the io present invention are suited to be
used in a hybm AMGRHER fededdlouitahet it e fF ek cBrseht iop

wi t hstand vol t age characteristjics and heing excellent in thernmal

di ssi pati on, ad'é?rfgs ST Y TRF R i SR BiCt YR ¥ esin conposition or the
cured product thereof. In 15 preferred enbodi ment, each of the coarse
powder and the fiife rb%\?m‘? BPT PSR HOIRANTRE FFEFER CORRPFLBLCRarti cl es

made of a crystalljne silicon dioxide., The substrate and the circuit board
accordi ng°to atcfﬁ%r‘JpJ]rIéQ &re é'tc}"eerﬂﬁﬁﬁer%tm‘éer%tjs%ﬁtje% ALt Fet el or an
integrated circuit usin 20 a hij%h frequency and a circuit boar%}us' ng a
hi gh frequendy*Pe LR T HRATY & 1o e"l’]e‘)cllf r? PR A "2 9H P et al

base nultil ayer

cont 1 gur ed. S8 R hE SRR S oridtl 19450 e EETEIRh Tel PR as an
i nsul ating 25a I ayer_on f he, aﬁfﬁvﬁe- BNt i cH\edmcitrcui t é)ggl[éj,c&trn{jn met aflhe foil,
whi ch i s MaddTbGEGEnLS (i HiEh Bopberiorm i 4T dy :
mixer employed in this method may comprise a known mixer,
10 such as a versatile stirring mixer, a sun-and-planet
stirring/defoaming device and a pressure kneader. The
mixing conditions may be properly determined. The mixing
process 1s not required to have specific conditions.
The resin-cured product according to the present
15 invention is characterized to be a product obtainable by
curing the above-mentioned resin composition, to have a
high electric isolation and a high thermal conductivity,
and to be excellent in adhesion to metal, such as
aluminum, copper and an alloy thereof. Although the
20 resin-cured product according to the present invention is
applicable as the insulating material for various kinds
of electrical components or electronic components, the
resin-cured product is particularly suited to be used as
an insulating layer for a substrate for a hybrid
25 integrated circuit, and a circuit board. In a preferred
embodiment, the resin-cured product according to the

present invention is as high as 1.5 to 5.0 W/mK in



thereof, or a circuit, which is obtained by subjecting 14 the netal foil
to, e.g. etching, is disposed on the insulating |ayer. The netal base

mul tilayer circuit board nmay be suited to be used in a hybrid integrated
circuit because of having the advantage of inproving the s circuit packaging
density. The netal base nultilayer circuit board is suited to be used in a
hybrid integrated circuit because of beilAg excellent in wthstand vol tage
characteristics and being excellent in thermal dissipation, being

i nfluenced bythetanateqandusst i vabove 10 mentioned resin conposition or the
cured product thereof. In the above-nentioned preferred enbodi ment, each of
the coarse powdefa@ndPf Hehe i siebpovried IrdtHee | abFgaht cPParfer conprises
particles made of a crystalline silicon dioxjde. The nmetal base nultil ayer
circuit boar RIRIGHANFE 2 FhhiRraseHr FEFeRdd Fhbbdli FRmE 1 9eredi $RdER3E be as a
substrate for an _integrated circuit using a high frequency and a circuit
board using &M FPIIEREHAPIRE HRT DHICHRIT PP | biv H Ppeedids an

capaci tance. 20 EXANMPLE . EXAMPLE 1 55 Parts by nass of a crystalline silicon
di oxi de  £" A-MPSWeHUME thA%RF 9P TateehfbY iP1ALE, andvieifh Hedd mitkiGRrticle

size of 96 j.jm (100 or below), containin 5 particles having a particle
size of 5 to BY “ﬁﬂif‘? rfPfg]@W%u'%ﬂf?%Rﬁﬁg?%rﬁ% a@?%‘%ﬁfi%‘?%' si 2% df 12
pim) a5 the SERLSSPowie of e Lnorgam o (L) st ves, rxeg Wi 4 15
to, e.g. etching, is disposed on the insulating layer.
The substrate and the circuit board according to the
10 present invention are suited to be used in a hybrid
integrated circuit because of being excellent in
withstand voltage characteristics and being excellent in
thermal dissipation, being influenced by the merits of
the resin composition or the cured product thereof. In a
15 preferred embodiment, each of the coarse powder and the
fine powder of the inorganic filler comprises particles
made of a crystalline silicon dioxide. The substrate and
the circuit board according to this preferred embodiment
are suited as a substrate for an integrated circuit using
20 a high frequency and a circuit board using a high
frequency because of having a low dielectric capacitance.
The metal base multilayer circuit board according to
the present invention isvconfigured so that the above-
mentioned resin composition is disposed as an insulating
25 layer on the above-mentioned circuit board, and metal
foil, which is made of, e.g. aluminum, copper or an alloy

thereof, or a circuit, which is obtained by subjecting



manuf actured by Tatsunori Ltd.,: containing particles having a particle
size of 2.0 pmor belowin 70 vol % and having an average particle size of
1.2 pm as the fine s powder of the inorganic filler to prepare a raw
inorganic filler. 9 Parts by mass of a phenol novolak resin ("TD 2131"
manuf act ured by Dai ni ppon I nk and Chem cals Incorporated) and 1 parts by
mass of a silane coupling agent ("A-187" 120 manufactured by Ni ppon Unicar
Conpany Limted), both of _which served as a curing agent, were added to 20
parts by masEhefmeta} shhbhotoA ¢ yPe ¢Fefuinn epbxyderesed " ¢pgble

manuf actured by Japan Epoxy Resins Co., Ltd.), and the above-nentioned raw
i norgani c filiggul@kingd’Veher e "R hdasf FREddIRYRF £Gatder at a
heating tenperature of A 90C,  to_prepare resin conposition (a) for _a circuit

board. 0.05 FRR3EAHjRYERe DHiteihe das dreehaked® cirPhtd HReedErbedr (" TBZ"
manuf act ured by SH KOKU CHEM CALS 20 CORPORATI as the curing accel erator
was added to ABrubhrkecaySeelt AViedi Hhe AP PhH) ITRTOBEEP ntResi n

conposition (b). Resin conposition (b) was heate t a tenperature of 150C
for one hdur GHCYhRSs PITEFHe ?%ﬂlﬁ%'aﬁ'@nﬁ@%%u&@sezﬁ C1EET or two
hours to obtain a resjn-cuyred product. en the thermal. conductivit f the
o o o et SRt L PN o et 88 L0t TvpELd iRt dratedhon
it 16 was reveal ed that the tpelgmal conduﬁivitY was 1.7 WnK. . The results
are shown in q%&ﬁ%gﬁangause o) eilng excellent in withstand voltage

characteristics and being excellent in thermal
dissipation, being influenced by the merits of the above-
10 mentioned resin composition or the cured product thereof.
In the above—mentioned preferred embodiment, each of the
coarse powder and the fine powder of the inorganic filler
comprises particles made of a crystalline silicon dioxide.
The metal base multilayer circuit board according to this
15 preferred embodiment is suited to be as a substrate for
an integrated circuit using a high frequency and a
circuit board using a high frequency because of having a

low dielectric capacitance.

20 EXAMPLE
EXAMPLE 1
55 Parts by mass of a crystalline silicon dioxide
(*A-1"” manufactured by Tatsumori Ltd.,: having a maximum
particle size of 96 um (100 um or below), containing
25 particles having a particle size of 5 to 50 pm in 60 vol%
and having an average particle size of 12 um) as the

coarse powder of the inorganic filler was mixed with 14
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parts by mass of a crystalline silicon dioxide ("“5X”
manufactured by Tatsumori Ltd.,: containing particles

having a particle size of 2.0 pm or below in 70 vol% and
having an average particle size of 1.2 pm) as the fine
powder of the inorganic filler to prepare a raw inorganic
filler.

9 Parts by mass of a phenol novolak resin (“TD-2131"
manufactured by Dainippon Ink and Chemicals Incorporated)
and 1 parts by mass of a silane coupling agent (“A-187"
manufactured by Nippon Unicar Company Limited), both of
which served as a curing agent, were added to 20 parts by
mass of a bisphenol A type liquid epoxy resin (“EP828”
manufactured by Japan Epoxy Resins Co., Ltd.), and the
above-mentioned raw inorganic filler was added thereto,
being kneaded by a kneader at a heating temperature of
90°C, to prepare resin composition (a) for a circuit
board.

0.05 Parts by mass of an imidazole-based curing
accelerator (“TBZ” manufactured by SHIKOKU CHEMICALS
CORPORATION) as the curing accelerator was added to 100
parts by mass of resin composition (a) to obtain resin
composition (b).

Resin composition (b) was heated at a temperature of
150°C for one hour and was further heated at a temperature
of 180°C for two hours to obtain a resin-cured product.
When the thermal conductivity of the resin-cured product

thus obtained was measured by the laser flash method, it
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The results are shown in Table



rif 10a 701 0Uo00) 00 -rl -rl EWUct Ults umu a Cx, W18 Resin
conposition (b) was applied to a 1.5 mmthick alum numplate so as to have a
t hi ckness of 80 pmafter curing, and the applied resin conposition was
heated at a tenperature of 100C for 0.1 hours to be sem -cured, 210 s pm
thi ck copper foil was deposited on sem -cured resin conposition (b), and
sem -cured resin conposition (b) wth thelGopper foil thereon was heated at

a tenperature of 180C for 2 hours to finish the curing process,
fabricating asub%t'atefor a hybrid integrpated| ciftcuit. 1D The substrate
for a hybrid integrated ¢ircuit it us fabkicated was_nmeggured in terns of
various charactier stices [aS st atled below. SThe' results are shown in Table 2.
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Resin composition (b) was applied to a 1.5 mm thick
aluminum plate so as to have a thickness of 80 pym after
curing, and the applied resin composition was heated at a
temperature of 100°C for 0.1 hours to be semi-cured, 210

5 um thick copper foil was deposited on semi-cured resin
composition (b), and semi-cured resin composition (b)
with the copper foil thereon was heated at a temperature
of 180°C for 2 hours to finish the curing process,
fabricating a substrate for a hybrid integrated circuit.

10 The substrate for a hybrid integrated circuit thus
fabricated was measured in terms of various

characteristics as stated below. The results are shown

in Table 2.
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plate were determ ned as "good", and the piece with the insulating |ayer
peering off the alum num plate was determ ned as "no good". Flowability:
The viscosity was neasured by a Model B 10 visconeter. The pieces having a
viscosity of higher than 200,000 cps at roomtenperature (25C) were

determ ned as "no good", and the pieces having a viscosity of 200,000 cps
or below at roomtenperature (25C) were determ ned as "good". 15 Wthstand
Voltage: In order to obtain a sanple for neasurenment, copper foil was

ci rcunferential | P&aedin so Thes spbsiteare §020 ampviirdfe i@t egnad@icr portion
therein. The withstand voltages of the sanple, which had before and after
bei ng exposedidcu tt atdy fthe edrem folatrenaehhiy GRSh B9 Wtand at an
atnospheric pressure of 2 for 96 hours, were neasured according to Japanese
| ndustrial StideaRieCB 1aWHg rglisi@tshes anpi® % ntGf™i ifd dthon oil and
appl ying an AC voltage between the copper foil and the alum num pl ate at
room t enper atireEe Ly enRke hftds @5 R/ ianglaumnt® Wweleorrss 8780 raSGeSEct ured by
Kl KUSUI ELECTRONI CS CORPORATI.ON., Wth respect to the multilayer circuit
board, thé meHddiRtfefthanddieFtomited 2YET BESFIRNY IHE dhacVaiige bet ween

the copper foil and the circuit formed in an inner |layer. Peel Strength:

The sanpl e f AL AREANFEEIRT SHENSH Sfar SPWY prdteddihiP 19 it riHlte so as
to |l eave a s portion of the copper, foil_having a wdth of 10 nm The copper
foil and the ‘AT VEED e]%i‘tn‘-’arf’%{:éﬁ FLWH YR FEEE AR an attenpt

was made to %ee%:lertmr}.%ecdo %ser“ricg C)grgod” .

Flowability: The viscosity was measured by a Model B

10 viscometer. The pieces having a viscosity of higher than
200,000 cps at room temperature (25°C) were determined as
“no good”, and the pieces having a viscosity of 200,000
cps or below at room temperature (25°C) were determined
as “good”.

15 Withstand Voltage: 1In order to obtain a sample for
measurement, copper foil was circumferentially etched so
as to leave a 20 mm diameter circular portion therein.
The withstand voltages of the sample, which had before
and after being exposed at a temperature of 121°C, at a

20 humidity of 100%RH and at an atmospheric pressure of 2
for 96 hours, were measured according to Japanese
Industrial Standards C2110 by immersing the sample in an
insulation o0il and applying an AC voltage between the
copper foil and the aluminum plate at room temperature.

25 The measuring instrument was “T0S-8700” manufactured by
KIKUSUI ELECTRONICS CORPORATION. With respect to the

multilayer circuit board, the measurement was performed



the substrate at a pulling speed of 50 nm mn. The other conditions were
set according to Japanese Industrial 3.0 Standards C6481. The neasuri ng

i nstrument was a product in the name of "TESNI LON' ("U 1160" nanufactured
by TOYO BALDWN. CO., LTD). Dielectric D ssipation Factor: In order to
obtain a sanple for neasurenent, copper foil was circunferentially is
etched so as to | eave a 20 nm di aneter ciicul ar portion therein. The

measur enent was performed under the conditions of a tenperature of 25C and a
frequency of Y aRBLludibran ff 16 et Terusthe ForRendep s Tpdsahe The
measuring instrument was an LCR neter ("HP4284" 20 manufactured by Yokogawa
Hewl et t - Packdfidr Chpifgmed pite| et ¥HRE ot ®int : El ectrostatic capacity (X
Y) was neasured under the same conditions as the above- nentioned

di el ectric dissi paeforS PRI acddWiSHFRIE IR MRESIISRARS (13§ St andar ds
C6481. Dielectric constant 25 ( was cal cul ated based on the neasured

el ectrost at | PTERAERT Ry BEIFES t e TR TATE P i 3BT AL TRV EaSer (Y M),

(5. Box10- 22; FTC P (R4 1ot (PHF e Q1 E081 3 2B Gk OF 15 PRpniiBe
TanUT act ur ed SPREPES L RS RS TS T ZUCRBe 506 Abur s,
t he sanpl e was cool ed on,a woaoden piece, the cool ed l e was i rsed in
the i noul at | GIFTATES arrThE T 1 g e s AgFTE & et St L e Qg LTaT | and
the al umi num gl ate, at,  room{ emerAtULe LD, QLUSE 18 §8hn,PF SAkIM, oI tage.
conditions were set according to Japanese Industrial
10 Standards C6481. The measuring instrument was a product
in the name of “TESNILON” (“U-1160” manufactured by TOYO
BALDWIN. CO., LTD).
Dielectric Dissipation Factor: In order to obtain a
sample for measurement, copper foil was circumferentially
15 etched so as to leave a 20 mm diameter circular portion
therein. The measurement was performed under the
conditions of a temperature of 25°C and a frequency of 1
MHz according to Japanese Industrial Standards C6481.
The measuring instrument was an LCR meter (”"HP4284”"
20 manufactured by Yokogawa Hewlett-Packard Company) .
Dielectric Constant: Electrostatic capacity (X; Y)
was measured under the same conditions as the above-
mentioned dielectric dissipation factor according to
Japanese Industrial Standards C6481. Dielectric constant
25 (E) was calculated based on the measured electrostatic
capacity (X;F), the thickness of the insulating layer

(Y;m), the area of the electrode (Z;m?) and the



io Reliability of Thin Copper Foil: A sanple was evaluated as a substrate
_for a hybrid integrated circuit, which included copper foil having a

t hi ckness of greater than 210 um After the sanple was floated on a bath of
sol der set at a tenperature of 260C for 2 mnutes, the is sanple was cool ed
on a wooden piece, imersed in the insulation oil, and a breakdown voltage
was neasured by applying an AC voltage Bétween the copper foil and the
alum numplate of the sanple at roomtenperature. Additionally, the cross
section of tREEEFF Ll e@edaann ol ST} oceBamhWaRY obsErY eehe by a
scanning electron mcroscope) to eval uate whether the insulating | ayer was
fractured at %9k &k FFHE B & R>fdbper- foil and the insulating |ayer
of the sanple or not. Value of Heat Resistance:. The sanple for neasurenent
25 was prepared byeRutRepysSbances r drhttte & sQ"RRe Mk I éte having

di mensions of 3x4 cmso as to leave a portion of the copper_foil having

di nensi ons ofteftpEER e 2Zhanbep Qﬁ{}f‘r%ﬁsi SPRutREt AP e EDNES a copper
foil, and the copper foil with the transistor soldered thereon was fixed
t hrough héat CARB pirh it @ dederorr e of s3¢ D&t ifRy FAhoumsi chhter e

wat er - cool ed. The transisto %as S energi zed, to generate Qg@t. The val ue of
heat resistarff@PH Y32 X D HTY RICHFF Wy R sCRResar 8 By S

measuring the te di fference bet ween the su of the transistor

eratur r ce
and the backeTt DIMEHEEFeth| LSt outrat et 100 Sbi i 1 che Y ALL o7 et
Fosi ot ance ofSPRHIEhA TG DT | PR bobet | et apkpunt anunult BFate g e
room temperature in order to see a breakdown voltage.

10 Reliability of Thin Copper Foil: A sample was
evaluated as a substrate for a hybrid integrated circuit,
which included copper foil having a thickness of greater
than 210 pum. After the sample was floated on a bath of
solder set at a temperature of 260°C for 2 minutes, the

15 sample was cooled on a wooden piece, immersed in the
insulation o0il, and a breakdown voltage was measured by
applying an AC voltage between the copper foil and the
aluminum plate of the sample at room temperature.
Additionally, the cross section of the sample subjected

20 to such process was observed (by a scanning electron
microscope) to evaluate whether the insulating layer was
fractured at the intersurface of the copper foil and the
insulating layer of the sample or not.

Value of Heat Resistance: The sample for measurement

25 was prepared by cutting out, from the test specimen, a
piece having dimensions of 3x4 cm so as to leave a

portion of the copper foil having dimensions of 10x15 mm.



Ther mal Conductivity: The thermal conductivity (H WnK) was found based on
t he above-nenti oned val ue of heat resistance (A K/'W, the thickness of the
insulating is layer of the sanple (B;m and the nounting area of the
transistor (C nR) by using the fornmula of H=B/(AC). Processability: Holes
were made in the substrate for a hybrid integrated circuit by a punch. The
depth of wear of the punch was neasured2after 10,000 shots. 20 Wthstand
Vol tage for Creeping Discharge: A linear_ copper circuit was so as to be
away froma & &hiddP aTHE G wa s sshdetiad fOt @ yyaneReEY nf@bt ata®A circui t
by 2 mmas a sanple for neasurenent. An AC voltage was _applied between the
copper foil dihefarrai e aidh i rPEE W TR IPrefer® WS neasur e
a voltage that, generates creeping djscharge. Power Loss: First, the

el ectrost at i &icephdihsPygh Meaty digsiRaaidg & SO e IepaiPantREtri al
St andard C6481 under, the same conditions.as above-nentioned dielectric

| oss. The povemd . od i) WREES MALRK 1RRIFEDn The CEPESLSENTatia® capacity (X
F), the operating freguency of 5 the device (H;X‘joo kHz) and the operating
vol tage (P; 22ReRglafA |G it foriiaa o Re=(VRAMEX T ReateXQPIHESE S 0 6
The resin conposition, the resin-cure roduct, the 10 substrate, the
circuit boar®f (e RANRIE itR Rf A¥Pd ¢ A'c*&ﬁ’f) iR ARFATHTERERE exanpl es were
fabricated and evaluated in the same way_as those in Exanple 1 e%<ceept t hat
the kinds and®a3'bihdity YHROL G @%@%‘F%féce etween the suriac

of the transistor and the backside of the metal substrate
to obtain a value of heat resistance and compensating the

10 obtained value, taking the value of heat resistance of
the heat dissipating grease into account.

Thermal Conductivity: The thermal conductivity
(H;W/mK) was found based on the above-mentioned value of
heat resistance (A;K/W), the thickness of the insulating

15 layer of the sample (B;m) and the mounting area of the
transistor (C;m?) by using the formula of H=B/(A:C).

Processability: Holes were made in the substrate for
a hybrid integrated circuit by a punch. The depth of
wear of the punch was measured after 10,000 shots.

20 Withstand Voltage for Creeping Discharge: A linear
copper circuit was so as to be away from a creeping
surface of a substrate for a hybrid integrated circuit by
2 mm as a sample for measurement. An AC voltage was
applied between the copper foil circuit and the aluminum

25 plate at room temperature to measure a voltage that
generates creeping discharge.

Power Loss: First, the electrostatic capacity (X;F)



powder and the fine powder of the inorganic filler were is changed as shown
.in Table 1. The results of evaluation are shown in Table 1 and Table 2.
Conparative Exanples 1 to 6 The resin conposition, the resin-cured product,
the substrate, the circuit board, the hybrid integrated 20 circuit in each
of these conparative exanples were fabricated and evaluated in the sanme way
as those in Exanple 1 except that the kiAds and the blending ratios of the
curing agent, the coarse powder and the fine powder were changed. The

resul ts of eMATANGTIHIERS XIRAFALTE §9 JapAk INGIRRE Thb) eStz;an%rdutyG%ﬁln | H
OXNO1Oto1l0 W LnLn OXN HI I 0O UW OXNO1 O ri_ Il MU tlI- UW
OMU) O X Ngigr the qaquand¢¢1qp§|a$FﬁQ9g@1m¢pq}oned dielectric

loss. The power loss (G) was found based on the
electrostatic capacity (X;F), the operating frequency of
5 the device (H;400 kHz) and the operating voltage (I;220
V) by using the formula of
G= (XxI°xH) /2.
EXAMPLES 2 to 6
The resin composition, the resin-cured product, the
10 substrate, the circuit board, the hybrid integrated
circuit in each of these examples were fabricated and
evaluated in the same way as those in Example 1 except
that the kinds and the blending ratios of the coérse
powder and the fine powder of the inorganic filler were
15 changed as shown in Table 1. The results of evaluation
are shown in Table 1 and Table 2.
Comparative Examples 1 to 6
The resin composition, the resin-cured product, the
substrate, the circuit board, the hybrid integrated
20 circuit in each of these comparative examples were
fabricated and evaluated in the same way as those in
Example 1 except that the kinds and the blending ratios
of the curing agent, the coarse powder and the fine
powder were changed. The results of evaluation are shown

25 in Table 3 and Table 4.
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esin composition (b) prepared in Example 2 was
applied on an aluminum plate having a thickness of 1.5 mm
so as to form a first insulating layer having a thickness
5 of 150 um after curing, and was heated at a temperature
of 100°C for 0.1 hour to be semi-cured. Then, copper
foil having a thickness of 35 um was disposed on semi-
cured resin composition (b), and the resin composition
was further heated at a temperature of 180°C for 2 hours,
10 finishing the curing process. The above-mentioned resin
composition (b) was applied on the prepared circuit board
so as to form a second insulating layer having a
thickness of 50 um after curing, and was heated at a
temperature of 100°C for 0.1 hour to be semi-cured. Then,
15 copper foil having a thickness of 210 um was disposed on
semi-cured resin composition (b), and the resin
composition was further heated at 180°C for 2 hours to
finish the curing process, fabricating a multilayer
substrate for a hybrid integrated circuit. The substrate
20 fabricated was evaluated. The results of evaluation are
shown in Table 5, Table 6 and Table 7.
EXAMPLE 8
The multilayer circuit board was fabricated and
evaluated in the same way as that of Example 7 except
25 that the thickness of the second insulating layer was

changed to 200 um. The results of evaluation are shown

in Table 5, Table 6 and Table 7.



yJ rl ro-rl Oma) a) wOa) a . -ri ri k-ri 40hHW 3>CP. OUCL M
EQQ134 3 UCU 27 EXAWLE 7 Resin conposition (b) prepared in Exanple 2
was applied on an alum num plate having a thickness of 1.5 mMmm so as to
forma first insulating |layer having a thickness s of 150 pm after curing,
and was heated at a tenperature of 100C for 0.1 hour to be sem -cured.
Then, copper foil having a thickness of285 pm was di sposed on sem - cured
resin conposition (b), and the resin conposition was further heated at a

t enper at ure EOMPABBTIYE EXAMPLES (70 afidhi8shi ng t he curing process. The
above-nentioned resin conposition (b) was applied on the prepared circuit
board so as to fIhemuessierinbasitl i ng heayeas inndured prededdhesthef 50 }pm
after curing, and was heated at a tenperature of 100C for 0.1 hour to be
sem -cured. PWdStrasegopper cigiquikaposgda ttiec kiydss ofirtemyahaths di sposed
on sem-cured resin conposition (b), and the resin conposition was further
heated at 18@GrcHdit2 imogesh @f ftihsissh qomwag@tilvg eeuslss e cating a
mul tilayer substrate for a hybrid integrated circuit. The substrate 20
fabricat el wiabdiglgece@naTky alamieds 16f thealsads olrvare Wit it Tabl e 5,
Table 6 and Table 7. EXAMPLE 8 The nultilayer circuit board was fabricated
and eval uat &amplend sxeehfayhad tthe ondscamsl &he Sdaiinratigs t he

t hi ckness of the second insulating_|ayer was changed to 200 pm The results
of eval uati oRfar&esKIRI NG RIFRBI e THe TORLESE PovdieTamngl £he fine

powder were changed and except that the thickness of the
second insulating layer was changed in Comparative
10 Example 8. The results of evaluation are shown in Table

5, Table 6 and Table 7.

TABLE 5
Comp.
Material name Ex. 7 Ex. 7
and 8
and 8
. | Bisphenol A t o
Epoxy resin P eno ype epoxy 20 20
resin
curing Phenol novolak resin 9 -
agent
amino-based curing agent - 6
Curing Imidazole-based curing 0.05 )
accelerator | accelerator )
C 1i . .
oup-ing Silane-based coupling agent 1 1
agent
Coarse Crystalline silicon dioxide 71 -
powder
Aluminum oxide (in
. - 62
spherical form)
Fine powder | Crystalline silicon dioxide 18 -
Aluminum oxide (in
. - 27
spherical form)
Filling amount of inorganic filler
(vols) 56 51




28 COVPARATI VE EXAMPLES 7 and 8 The resin conposition, the resin-cured

. product, the substrate, the circuit board, the hybrid integrated circuit
in each of these conparative exanples were 5 fabricated and evaluated in the
same way as those in Exanple 7 except that the kinds and the bl ending
ratios of the curing agent, the coarse powder and the fine powder were
changed and except that the thickness of 26he second insulating | ayer was
changed in Conparative 10 Exanple 8. The results of evaluation are shown in
Table 5, TatiP8I& &nd Table 7. TABLE 5 Conp. Ex. 7 Mat erpalltnam@ and 8 Ex.

7 and 8 Bi[sphenot A Type epoxy [EpOXy TEeS[Im 20 20— 7re 'n% §enu
novol ak resi|Frmatdgent | MateoidhsedEsur fng| adent 8 6 gh qa %Ie-based
curing accellerater—acceferator—0105—Couptng—SiHane-b %bﬂ %ugbﬁng—agent 1
1 agent Coe@ﬁ?%)ystal ADEnShlhqon di gxi de 74 -5 powderq Ay um [numyoxi def (i n
62 material

First

. . Refer to

insulating Table & 0.15 0.15 0.15 0.15

layer

Circuit in Copper

outer 125 0.035 0.035 0.035 0.035

foil

layer

Second

. , Refer to

insulating Table & 0.05 0.2 0.05 0.2

layer

Circuit in Copper

inner PP 0.21 0.21 0.21 0.21

foil
layer




spherical form) Fine powder Crystalline silicon dioxide 18 - Al um num oxi de
. (in 27 spherical form) Filling amount of inorganic filler (vole) 56 51 29
TABLE 6 unit: mm Formation Material Ex. 7 Ex. 8 Conp. Conp. Ex. 7 Ex. 8
Base material Alumnum1.5 1.5 1.5 1.5 First Refer to insulating Table 5
0.15 0.15 0.15 0.15 layer Crcuit in Copper outer foil 0.035 0.035 0.035
0.035 layer Second Refer to insulating ¥able 5 0.05 0.2 0.05 0.2 |ayer
Circuit in Copper inner foil 0.21 0.21 0.21 0.21 layer 30 TABLE 7 Item
Unit Ex. 7 BEXABRECOhp. Conp. Ex. 7 Ex. 8 Flowability Viscosity cps 80,000

80, 000 66, 0¢6—66, 000 Adhesi onmGood Gboq Good—Good Comp. | Comp.
Item Unit Ex. 7 Ex. 8
Ex. 7 Ex. 8
FlowabilitylViscosity cps 80,000|80,000(66,000!66,000
Adhesion Good Good Good Good
Withstand Initial 46 10.0 4 10.0
voltage stage
After 96
hr under kv
Pressure 5.0 10.0 4.6 10.0
Cooker
Test
Heat 200°C 500
resistance |pr kv - 10.0 - 10.0
Reliability | Fracture
of thick in Not Not Found | Found
copper foil | insulating found | found
layer
260°C 2 KV 4.2 | 10.0 | 4.2 | 10.0
min
Peel strength Kgf/cm| 2.0 2.2 2.0 2.1
Heat resistance °cC/W 1.21 1.92 1.28 2.01
Thermal conductivity W/mK 2.0 2.0 2.0 2.0
Dielectric constant 4.4 4.4 7.1 7.1
Dielectric dissipation 0.004 | 0.005 | 0.004 | 0.004
factor
Processability mm - 2.0 - 4.0
WlthsFand Yoltage for KW _ 6 4 _ 5 5
creeping discharge
Power loss W 2.4 1.3 3.8 2.2




Wthstand Initial 4.6 10.0 4.5 10.0 voltage stage After 96 hr under kV
Pressure 5.0 10.0 4.6 10.0 Cooker Test Heat 200C 500 resistance hr kV 10.0
10.0 Reliability Fracture of thick in Not Not copper foil insulating found
found Found Found |ayer 260C 2 Ky 4.2 10.0 4.2 10.0 mn Peel strength
Kgf/cm2.0 2.2 2.0 2.1 Heat resistance CW21.21 1.92 1.28 2.01 Thernal
conductivity WnK 2.0 2.0 2.0 2.0 Diele8lric constant 4.4 4.4 7.1 7.1
Dielectric dissipation 0.004 0.005 0.004 0.004 factor Processability mm -
2.0 - 4.0 WHNDSISHORI Alo|APRId GABILOWY creepi ng di scharge 6.4 5.2 Power |o0ss

W2.4 1.3 3.8 2.2 31 |NDUSTRI AL APPLI CABI LI TY
The resin composition according to the present

invention is suited to an insulating layer for, e.g. a
substrate for a hybrid integrated circuit since a

5 combination of an inorganic filler having a specific
particle size and a specific resin provides a high
electrical insulation, a high thermal conductivity and
excellent adhesion to metal. The resin composition
according to the present invention is applicable to a

10 heat dissipating material for various kinds of electrical
components and electronic components, such as a substrate
for a hybrid integrated circuit and a circuit board, and
is significantly effective in terms of industry because
of being capable of providing a resin-cured product

15 having a lower dielectric constant and a resin-cured
product having a further excellent thermal conductivity
in a preferred embodiment.

The substrate for a hybrid integrated circuit and

the circuit board according to the present invention are

20 excellent in withstand voltage characteristics, thermal
dissipation and high frequency characteristics because
being made of a resin composition having the above-
mentioned merits. When the substrate or the circuit
board according to the present invention is utilized to

25 fabricate a hybrid integrated circuit, the reliability of
the hybrid integrated circuit is increased, which means

that the substrate and the circuit board according to the



The resin conposition according to the present invention is suited to an
insulating layer for, e.g. a substrate for a hybrid integrated circuit
since a s conbination of an inorganic filler having a specific particle
size and a specific resin provides a high electrical insulation, a high

t hermal conductivity and excellent adhesion to netal. The resin conposition.
according to the present invention is appRicable to a 10 heat dissipating
material for various kinds of electrical A conponents and el ectronic
components, RPFEPEE AN g Gl it e B reenns 4fd a
circuit board, and is significantly effective in terns of industry because
of bei ng capaB®Frproviding a resin-cured product is having a | ower
dielectric constant and a resin-cured , product having a further excellent
thermal conduct i vi%§ methed phe¥ RrerpeHd it ntes IheCAnpEtat @2 for a hybrid
integrated circuit_and the circuit board according to the present invention
are 20 exceIalcé?ﬁrqlr?gwtt%éﬁ‘aen@%ec%érb‘f%%?ﬁréﬁ%tcf"i‘:g"’,‘b]tehé?ﬁral di ssi pation
and high frequency characteristics because being made aof a resin,

conposi ti 8n H&RANF He o REC T ORAPRRSF 438 Wherhe PRI H e84 ( he
circuit board according to th resent inventjon is utjljzed to 25
fabricate a HAHITH FHRYT &P ﬁqfémltx IRE 1T 100 the P bFIng Her %
integrated circuit is jncreased, mh'cgsneans that the substrate and the
circuit boar Fie®FERFID tH eB?etbP BREOENER iteh PEFTS cant

ef fective 10 Leram of, Jodustiy. The JESiRd for, prepari g, the resl

product having excellent properties and a substrate for a
10 hybrid integrated circuit or a circuit board using such a
resin-cured product, and consequently providing a
reliable hybrid integrated circuit, which means that the
method according to the present invention is significant
effective in terms of industry.
15
The entire disclosure of Japanese Patent Application
No. 2005-256194 filed on September 5, 2005 including
specification, claims and summary is incorporated herein
by reference in its entirety.

20



according to the present invention is capable of s realizing the
excel l ent properties of the above-nentioned resin conposition by
only specifying the m xing order of the materials. The nethod
according to the present invention is capable of stably providing a
resin-cured product having excellent properties and a substrate for
a 10 hybrid integrated circuit or a circugg board using such a

resi n-cured product, and consequently providing a reliable hybrid
integrated circuit, which nmeans that therarRkhod according to the
present invention is significant effective in ternms of industry. 15
The entire di schosuseredin apaiess thaheabmpppsitatd curadide 28651256194
filed on Septenber 5, 2005 including specification, clainms and
sumary i s i ncocpopateichdierein by reference in its entirety. 20 33
CLAIMS 1. A resin conposition conprising a curable resin conprising:
an epoxy resin and anceReFi) LRfEM anor at RerepexgIe™: rfeyl kheagyoxs
inorganic filler filled in the curable agent; wherein the curing
agent conpri%esr&pherrdtd novol ak resin, and wherein the inorganic

filler conprises a acparseifqydejéépnt%Lﬂhng garticleség)vi%g an
average 10 particl e®8i Z&BI*5 1 PFmtdhded 1T e pSME° EofPE i ng
particles having anw g}?é{a‘rgetkpearc}dr%ln% SaigéreltOfcoerJ.zisté)s 1a' 5phe[1)1rgl noveolak
resin, and wherein the inorganic filler comprises a
coarse powder containing particles having an average
10 particle size of 5 to 20 pm and a fine powder containing
particles having an average particle size of 0.2 to 1.5
pm.
2. The resin composition according to Claim 1, wherein
the inorganic filler comprises fine particles containing
15 particles having a maximum particle size of 100 um or
below and a particle size of 5 to 50 pm in an amount of
50 vol% or above, and a fine powder containing particles
having a particle size of 2.0 um or below in an amount of
70 vol% or above.
20 3. The resin composition according to Claim 1 or 2,
wherein the curable resin is in an amount of 25 to 50
vol%, and wherein the inorganic filler comprises a coarse
powder in an amount of 34 to 70 vol% and a fine powder in
an amount of 3 to 24 wvol%.
25 4. The resin composition according to any one of Claims
1 to 3, wherein at least the coarse powder comprises

particles having a crystalline silicon dioxide.



2. The resin conposition according to Caiml1, wherein the inorganic
filler conprises fine particles containing is particles having a
maxi mum particle size of 100 pmor below and a particle size of Sto
50 pmin an anmount of 50 vol % or above, and a fine powder containing
particles having a particle size of 2.0 pmor below in an anount of
70 vol % or above. 20 3. The resin conposi{jon according to Claim1 or
2, wherein the curable resin is in an anount of 25 to 50 vol% and

wherein the ingrganine frelshar c6appsishRm akeadsay Py & BE AMRURE
of 34 to 70 vol% and a fine powder in an anount of 3 to 24 vol% 25
4. The resin cdanpesi4t i eheaetoreacty dfo they conesef phdemsand tthe Fine
wherein at | east the coarse powder conprises particles having a
crystal line silrcswierdcoxpesegdpan:iciles medenot oapesystiahl igeceridiingn
to any one of CJains 1 to 4, wherein each of the coarse powder and
the fine powdéli<eGdfBrises particles made of a crystalline silicon
dioxide. s 6. The resin cqonposition according.to Claim4, wherein

the fine powder %o TES1PaFPPEPRL: HHUS ST IBENERI EAR 1M o uMfRARIT
oxide. 7. A resin-cured prqduct conmprising.the resi C osi.tian
defined in any Bife OPCCPRIME" 1o TI 0L T0 P8 L CHHESF BFRE it ot PPEddee:
according to C_aim.: hayi a thermal conductivity of 1.5 to 5.0
WnkK. 9. A subsatq"rdaat}"éulmo?%gagybri d integrated circuit, conprising a

netal substrate;, an isuhatiprddl gysducderpytiedngnehberagial
substrate and conprising the resin

composition defined in any one of Claims 1 to 6.

10 8. The resin-cured product according to Claim 7, having
a thermal conductivity of 1.5 to 5.0 W/uK.
9. A substrate for a hybrid integrated circuit,
comprising a metal substrate; an insulating laver
deposited on the metal substrate and comprising the resin

15 composition defined in any one of Claims 1 to &; and
metal foil disposed on the insulating layer.
10. A substrate for a hybrid integrated circuit,
comprising a metal substrate; an insulating layer
deposited on the metal substrate and comprising the resin

20 composition defined in any one of Claims 1 to 6; and
metal foil disposed on the insulating layer, wherein the
metal foil is processed to form a circuit.
il. A method for preparing the resin composition defined
in any one of Claims 1 to 6, comprising mixing an epoxy

25 resin and a curing agent of a phenol novolak resin; and
blending and mixing an inorganic filler with the mixture

before curing.



is cqnposition defined in any one of Clains 1 to 6; and netal foi

di sposed on the insulating layer. 10. A substrate for a hybrid
integrated circuit, conprising a netal substrate; an insulating

| ayer deposited on the netal substrate and conprising the resin 20
conposition defined in any one of Clains 1 to 6; and netal foi

di sposed on the insulating | ayer, wherein %he metal foil is
processed to forma circuit. 11. A nethod for preparing the resin
conposi tion defined ndtaanpaeeemltcl ajém di @ i®, be@FBAr E6hPPi Hid NQ
an epoxy 25 resin and a curing agent of a phenol novol ak resin; and
bl endi ng and mnetrg ambsteagani 8 fitdterinmtllattihg ayeuréispesat eon the
curing. 35 12. A netal base nultilayer circuit board conprising a
netal substrat enet@lf isndetirasal and ngoiryieringi $pesed=on ¢HBPO L Ein
substrate and conprising the resin conposition defined in any one of
Cainms 1 to 6; eLinecuilt podr a~s of SPsias dn tehé i f RrSErFnshl keary

| ayer; a second_, insulatin er di sposed .on hhe first insulating
layer and ConptiEHES pE %BE )ﬁ(lE%?rpjd“s*’i"t i e PHED /i A 8RF°Rhe  of

Claims 1 to 6; and.an.el ectroni entt%ﬁ oseg on he, s
i nsul ati ng Iayeyjs%%%%ﬁgﬁégﬁygﬁié g%one ﬁ IQSH# El$%figyer
dissipation. 13, {hegeLali, aﬁﬁe”}‘é% ‘JI‘ rt%ht gQ?%ﬁQdafﬁoéx‘#%
Caiml2, further co rising a neta aye spose et ween the
first insulating |@emsandtbhe; secenth é1mx%wiegcba¥%ent disposed on
the second insulating layer, the electronic component
10 having a high heat dissipation.
13. The metal base multilayer circuit board according to
Claim 12, further comprising a metal laver disposed

between the first insulating laver and the second

insulating layer.





