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 confosition but also a high thermal conductivity (see Patent

Document 1). PAt@NtCHocUReHP 1: JP- A-2- 286768

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



5 DI SCLOSURE OF | NVENTI ON PROBLEMS THAT THE | NVENTION | S TO SOLVE As
exanpl es of such a spherical inorganic filler, spherical silica and
spherical al um na have been known. These materials have problens in that

al t hough these 10 materials are able to be used for producing a substrate

or a circuit board having excellent properties, these materials are
expensi ve because of being produced by a 2specific production nethod using
flame fusion or the like. For this reason, enphasis has been placed on

usi ng an 15 | ¥¥rg@hve Ferferaasan ARRHEEE promRes it tadi Pyt agbsPadl Bighko
produce a resin capable of acconplishing the above- nentioned properties in
t he industry.tm?rm%laﬁp%éﬁ%%%vb¥yth%e%rg%@%@ti%Q%ﬂT?B% tb-provide a
substrate and a circuit board, which, although being 20 nmade of an
inorganic filler B3t@nkrHeRB@SRFodict , TRIR ¢ap3BI @8 of providing a highly
reliable hybrid integrated circuit because of having excellent adhesion to
a netal plate or netal foil and exhibiting a high thermal conductivity. 25
MEANS FOR SCOLVI NG THE PROBLEM The_present invention is directed to a resin 3
conposi ti én é%%%§¥%$“%EaQEu?%E?%T¥§§in conprising an epoxy resin and a
curing agent for_the qPox resin,__and__an_inarganic filler filled in the
curabl e agent?R%ﬁ%$%$n Hp eT%%rFN%E%E£9¥ E%n%?i%%%vg phenol novol ak resin.
The s present invention is further directed to resin conposition, wherein
the inorganic filP&re¥3MBrrSeSta®UthafsEPPEHYER cbﬁ?ﬁgﬁpﬁﬁngéthEPes havi ng

an aver age . c . . .
9 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



particle size of 5 to 20 pim preferably particles having a maxi mum
particle size of 100 pmor below 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
particle size of 2.0 pmor belowin an anount of 70 vol-*. or above. In a
preferred node, the above 15 nentioned resin conposition is prepared so that
the curable resin js in an ampunt of 25 to 50 vol % and that the inorganic
filler conpriG¥EPes tolPReCYMMBEF LIRS ACUEHDIMt T ST LIBLCOBPYDSIBPIEANd a fi ne
powder in an anount of, 3 to 24 vol% In a further preferred node, the above
20 nentioned $RIMN EFPBSFRA R T HRS pRPRUt sbO¥ helke afPPE¥stesife 8Bdrse
powder conprises, particles pade of a crystalline silicon dioxide. In a
particul arly 3 et2p¥IRP1IGoEEL Lehel hbbee- FRnERonedr 2RLF 2 e8RbosEEBRIPS
prepared so that each of the coarse powder and_ the fine powder 25 conprises
particles nmade®fCE tRYsTIERF n%o‘gPﬁ%‘g% dipheEe! DEYOotdAat TeREnf i ng$Howder
conprises particles npde of . a spherical al um num oxide. 4 A The present

i nventionSis Eﬁ?%%?%dl@%ﬁ%t%%%ihSCEVEHh%¥oﬁhE?CE%ﬂpF?S?nﬁeFﬁ%

above-nenti oned resjn, conpasition, greferabl hgviﬂg a thermal conductivity
of 1.5 to 5. FOMRNEELOHheW P EEERt CRAVERPTIRANIS B +£EF eBOPBT 345€8b8t rate for
a hybrid integrated circuit, which, conprises.a netal substrate; an
nsulating | &5/ opRRTIER ST TRLA Y aPoT SUELEP aPEVARA CRPYTERAS t he

above- ment i oned LES D < CIPORT L1 00 o fNEh =Ll e oL § 3208581 20 EDS:ng

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.



The present invention is directed to a substrate for a hybrid integrated
circuit, which conprises a netal substrate; an insulating | ayer deposited
on the nmetal substrate and conprising the above-nentioned resin 1s
conposition; and netal foil disposed on the insulating |ayer, wherein the
metal foil is processed to forma circuit. Further, the present invention
is directed to a nethod for preparing thé above-nentioned resin 20

conposi tion, which conprises mxing an epoxy resin and a curing agent of a
phenol novol ak reShg; rERPHBItentNVignbhen HiSxi A edteAotgant c rREilRecuiiech t he
m xture before curing. The present invention is directed to a netal base
circuit boar dPr@afileh eemprisiésdathet abo¥apdephiened repin CORPPRIGRLNI/ ng

| ayer di sposed on the_metal substrate and conprising the above-nentioned
resin conposi P¥eferablyi hayilnddi xpbsegman IR FUGEVitisuPht ilng | 89 eP; Oa
second 5 insulating |ayer disposed on the first insulating |ayer and
conpri si ng t h8/8Keve- ment i oned resin conposition; and a circuit disposed on
the second insulating |layer. EFFECT OF THE I NVENTI.ON s The_resin conposition
according X o the PPE&sBHESSPhvaRVEBHLRAS 16xEarrehtdadResi SHPEGTR Rt pl at e
or netal foil made qof, e.g. alum num copper or an alloy thereof because
of being made2oRYArig| éptedrapslycisstit aBighsePerrégeEupi R§tadent for the
epoxy resin and 10 containing a selectgd inorganic filler Ravin% ﬁ specific
particle sizeSUPSt¥pbhii 8R. 1FRBIPELIPH LB¥PLSAEPBAIESEcOPdFAG M6 he present

invention is sujted for 8ongonents havhng gn excel | ent glecttical
i nsul ati on ang“ strate 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



an excellent thermal dissipation for an electrical is conponent or

el ectronic 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 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 netal but  also excellent in electrical
i nsul ation arkRIHATERT 2R EINALIPFEY. OS5 He EHEST e5RFUERF £8I pt BYEEL
according to the present invention is as high as 1,5 to 5.0 WnK in

t hermal cond@R$ mrgprrrslan%r@r%r%w?rﬂb%ntwéeﬁi cEEFLR T ¥APRS 1 hE 8RR Y s

suited for a heat drssr atr material for an ,electrical_conponent and
el ectronic cohponefille %4 °B S steeeRd f sl aybRe dl f¥eEgr at ed
circuit, and a _circuit board S The substrate, the circuit board and the

nultilayer c??%ﬁﬁ? %%é?%ﬁa%%%ﬁ%ﬁ?@ﬁto the present invention are able to be
used to easily obtarn a highly reljable bri.d integrated circuit because
of “rmaking Srul | usEhey rEAbh NP bion pELPRtarehopt BALBEEE Ee. excel & ont

10 el ect I I h duct t th
above- nent i orbAP FEETOP %%2%}‘3‘% SRR Bl 7 o Bl BhtbraPhg 1o the

t t t t b bbl f t
Composi ti on By H Lkt b B8Ry ¥ 41 nt L ATHART ng  TESRHERE FBr 2EhGY cpoxy

resin and an j,norgani.c filler spec fic order an xing t hese
mat eri al s. t%_¥§ ﬁr@ ecause ofrbelng e of selecgeg1epo 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



t he resin-cured product produced by this production nmethod achieves the
advant ages of stably having a high electrical insulation and a high

el ectrical conductivity. 20 Consequently, the production nmethod according to
the present invention is able to contribute to provide a highly reliable
hybrid integrated circuit. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 25 The
epoxy resin used in the present inventionermay conprise a known epoxy resin,
such as a bi sphenol A type epoxy resin, a_bisphenol F type epoxy resin and
a 7 hydr ogerfedidi slmwmtesft@% apesat rdss HilParg @@Wlaﬁsf%,a@

bi sphenol A type epoxy resin is preferably selected because of being
excel | ent in eleirical conpenent AndmileHeremiC corrreEshh @Rt dERHeS sui t ed
for s obtaining a resin-cured product having an_excel |l ent heat resistance.
It is furtherd pr&Ierfale thrg a ey sphoMet ot tsheciepeoky, ra’dndhave an epoxy
equi val ent of 300 or below. Wen the epoxy equivalent is 300 or below, it

i s possible SEGP I ATt he crosslink density of the bisphenol A type
epoxy resin from being reduced to decrease Tg, consequently_prevent heat
resi stancé from bErfgSHedERe, akhe nchredst Hperd fRd Bh%pﬁB%EFlﬂy?ype epoxy
resinis of a high nnleeylar(%%ge. Furtgﬁr, inthis case, it is 15 possible
to prevent a PYOBFEMRIAAD iFCINAIRG el e REFHRRE of RYFRE LR abF R #REEn

increases, it is inpossible to obtain a uniformresjn conpositiqQn because
the curable ¥R%H% ‘b‘?‘%figte% 339 E PRty F h?lﬁg'ar% tale o}FWPr?‘r&ki ng it

iffi I | en nin nic filler in_th r apl 20 resin
d cult to fhééé&é%eé ég éhig beca&ge oftmgkfggapufl uge g? 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



It is also preferred that the bisphenol 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 ori de concentration is 600 ppmor below, the resin is able
to 25 be used to obtain a substrate for a hybrid integrated circuit having
a sufficient noisture resistance. The hydrol ysabl e chloride concentration
nmeans the 8 concentration of organic chl@ride inpurities (chlorine ions
that are hydrol yzed in the presence of water) formed by side reaction when
synt hesi zi ng hYdrepengtedshrsmhenplt e’ chYPE nSRPXY oRe8tes RAPHEhoiuddyvol ak
resin as 5 the curing agent for the above-nentioned epoxy resin. It is
preferred thafe$Hes phandl SPeBRPhKA r e¥PR PROEY ar pEHbets RYRFAYHAPHDI ecul ar
wei ght of 1,500. Wen the nunber average no] ecular weight is 1,500 or bel ow,
it is possibieledtpf Rerruse ppbbPeind hatcellert girfetaftrts2l10 bl end the
inorganic filler in the curable resin because the_soft{ening, point of the
curabl e resintpguhighon| andstheErat r egnEnat 1 PRe2PRRBINA0FBEERAr ESFN have a
hydr ol yzabl e chl ori de concentrati on_of 10 m or ,below. Wh t he
hydrol yzatl e %h?%%?a%gc%né%ﬁ%?afPBﬁdiEr@@uggn¥%Y1&S %%l%ﬁfefﬂ%nbheﬁeF
novol ak resin is,able to be used to obtain a substrate for a hybrid
integrated ci¥e¥¥EHAGFng a sufficient noisture resistance. The present
i nvention uses an_inorganic filler having a sggci%i article size

Pats £he

di stribution. 20 5pedffFBAFPGT PRELFREFGahPEtS FPPe 1%9_688 fi 5¥P& i xed
poveier CoTPT | 2418, (2) 9,088 2, OUIEL oL 2 01 0, BPULS! 3 hayiag @
amount of 50 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



vol % or above and an average particle size of 5 to 20 pm 25 and (b) a fine
. powder containing particles having a particle size of 2.0 umor below in an
anount of 70 vol % or above and an average particle size of 0.2 to 1.5 pm 9
The coarse powder contains particles having a particle size of 5to 50 pmin
an anount of 50 vol% preferably 60 vol % and an average particle size of 5
to 20 pm preferably 10 to 15 pm The fife powder contains s particles
having a particle size of 2.0 pmor_ below in_an,  amount of 70_vol % and an
average parti@Peceptiapion, of toraanic pphloykder Hppyrit et o (¢hEopinewien a
coarse powder ,and a fine powder,_ each of which has the above-gentioned
speci fic partieP® Rl 3Tt i BrdTohyzed el i XKo@ RFeseRes, of twakehosEPEPedt o
attain the object, of the present invention wthout usin an i norganic
filler contai®ynglde cba?Se Powdeen s EReF hel nPowder SPRAXNTSF1Rhi ch i s nade
of spherical partjicles. The inorganlc filler aEinc bl e t9 %he present 15
i nventi on may conpRfsBrSAG hatBYFAF18ubAeSs®aRR&Pani RAVPLEX dESIR &Fli con
di oxi de, a mm nesiumoxideé an alun%nun1 nitride, a silicon nitride and a
boron nit o detPasCToHHYY 2ZCRC sEPECTRE ARPYETTBPRHASRGA BPRXYr FESAT nstif ati on
and is a nore exce&%ent t her ma| conﬁuctivity Lh?n the resin. 20 ﬁnnng
them the coalSePHoTErSPrerat ablts RBRPPT sRLVRLFFi FFELnRA¥Sof FUBPGEt al | ne
silicon dioxide équartz% because, of . hayi ng t hermal conductivity of 12
Wk (1 aser FYSSPOREIRbAGIETT abova vibn (RAC  ed D COMDABITRSh and ¢ he
cured productaghgéegfma go&fép Lo %g thlp$83eg£ £n¥thi9g are used as a
heat dissipatln% FaterTa of an el ectfical or &l 8crPéni & coﬁponent used
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.



at’ a high frequency, such crystalline silicon dioxide is 10 preferably
selected in terns of ease in ensuring a required electrical insulation
because of having a dielectric constant of 4.0 or below (at 25C and at 1
MHz). s In terns of ease in ensuring a sufficient noisture resistance as a
substrate for a hybrid integrated circuit, it is preferred that the
above-nentioned crystalline silicon dioxPde have an electrical conductivity
of 50 pS/cmor below or contain ionic inpurities of C- or Na' io in an
amount of 20 ppm SREhEPBREC APPNBREhCEREERBE BREALELSSNRAEIBE &ny one of the
above-nentioned naterials may be of course used as the _fine powder of the
i norgani c filPRFELELDrFY ©o the° PP edBnini AV eAPPBRE aff?ﬂevggﬁder
conprising particles js pade of thg above-nentioned.cigstalIin silicon

a3 c

dioxide is pPEFEFLAP Yué%d"%ﬁé F PEFHYICaPAbFE Bhegi Afng t8
resin-cured product havin | ow dj el ectric cqnstant, a igh electirical

| houl att on kS AR GReE HETAarY cLhah: £51 ). TS Hi% NG ROt B4 ho
features of the 20 crystalline siIicoT dioxidef hg inorgagii filler is
pref erabl y meRRT ot CLpRerF¥ERI pRrPPEF LS sHTRc a8 sgh rP8aPt 8FI-P¥atBafticl es

or spherical alunm na i cles, because of being _capable of increasing the
[l oabi 11ty ATPHRE PBolfh EOfBoRPRI o CEeTOPENRRLFhCReale?EhE( I fi b amount
25 of the inorganic fill [, ﬁ%th tge re?u%t that it is possible to obtain a
resin-cured p oguﬂ?’hgﬁ?ﬁﬁ S Ygﬁj eF8ctrPcHl i nsul ation and a high therma

conductivity. 11 yhn.the preseni | ayentign, Eig.CuLaRke,resly apd the

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



inorganic filler are preferably blended in such a blending ratio that the
curable resin is in an anount of 25 to 50 vol% and that the inorganic
filler contains a 5 coarse powder in an anount of 34 to 70 vol % and a fine
powder in an anount of 3 to 24 vol% are nore preferably blended in such a
bl ending ratio that the curable resin is in an anount of 28 to 45 vol % and
that the inorganic filler contains a codfse powder in an anount of 40 to 60
10 vol % and a fine powder in an_anount of 10 to 22 vol % \When the bl endi ng
fatio i s wit S IAERE0\RE TR bridd LEERReRt §35% SIHERTH AR only to
uniformy blend the curable resin and the inorganic filler and to avoid
porous for matis¥had & t[’b“ﬂag]rslsjéﬁ}l 35307 IReGHF Y 3% 1Fer in the
curable resin, with the result that it is possible to stably obtain a

resin-cured pHERRItHS i SRPHANM xRl ¢htok ReIRI R WS and an

excellent electrical insulation. Wen a substrate, a circuit board or a
hybrid integ Zd circuit is fabricated by using the 20 above-nenti oned
curable resin anglinor anic_filler, the substrate,_the cjrcuit, board or the
hybrid i nfegrate nc‘?‘?%ﬁ?tof SHFGHEY ?re\ﬂ“ébﬁl%.as%%?é‘ﬁﬁﬂ%ﬁ%@?ﬁBﬁs are
applicable to the method for preparing.the resin.conposition.according to
the 25 presdfiSiHAITT G TOMEVErIate T o7 FRPT b TRCSARRESt REEFRH owi ng
nmet hod since it .is _possible,t reveé"lt bubbl es fron&bei ng_iihvol ved in the
b

. . b = . .
resin corrp05|]tt| or dnd ezrr‘?% I%/ obtain ar %ll%r-l%ur%]aypr% UCLS which is

cxoel ont R W s B QLR PSSRl PR gty and 1
conposi tion 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.



s according to the present invention is characterized in that an epoxy
resinis mxed with a curing agent made of a phenol novol ak resin, followed
by bl ending and mixing an inorganic filler with the m xture before curing.
The m xer enployed in this nmethod may conprise a known mxer, i0o such as a
versatile stirring m xer, a sun-and-planet stirring/defoam ng device and a
pressure kneader. The m Xxing condi tionslday be properly determ ned. The

m xing process is not required to have specific conditions. The resin-cured
pr oduct accordlngI¥otFﬁeP5?%%%Et1&SePE%%ﬁt|Bhel%uEﬁ%¥%c¥%?FEeangotB§ a
product obtai pabl e by ur|n t he above nentloned resjn conposition, to have
a high eIect%WQ?$%Eﬁ%I£ cP%FrFEF£%¥%F¥%J % t1%iFYSH @nd to be

excel | ent |n dhesj on to et ch a um num copper and an allo

t her eof . e DR ﬂ?ﬁ"cu‘ﬂé‘?i ’6‘%&? LR dt gt R 0P} h%m‘ﬁﬁl”e\‘%e‘ﬂ%/
invention |s applicabl e as the |nsula ting material, K for various kinds of

el ectrical cohp 1§%n?% Wittt ridit Ty %ﬁﬁ%ﬁl?r&9{¥%£|?P%E?éﬂsp?oduct is
partlcularly suited to be used as an insulating |ayer_f su strate for a
hybrid 257 nt€¥tatedcrocit? MPPURT 2 t3 Dok d7OI%P% p?% efreyhe

enbodi nent, the resin-cured ﬁroduc{ ccorgén%ato t he resent knven |on IS
as high as 1.B°Y¢™5. o vimcTa! r%%l Tt i 7 YRR RESF ST ARLY
substrate an he rCU|t oar ccording to the present inyention is

conti gur od oIS 1 FE Sndh e kAT ERY Fasis %%%o%??.%%r?@a. ’é‘f)%%léd as an
s insulating Iayer on a ne whi ch

I
al um num copb er AN A T ?u?ﬁéQQ ?ée§%a£96$§ J %?&cﬁ??t Vﬁ?cﬁn?gg B%alned by
subj ecti ng th@ fftal

er cont$1ns 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



to, e.g. etching, is disposed on the insulating |ayer. The substrate and
the circuit board according to the io present invention are suited to be
used in a hybrid integrated circuit because of being excellent in

wi t hstand vol tage characteristics and being excellent in therm

di ssi pation, being influenced by the nerits of the resin conposition or the
cured product thereof. In a 15 preferredl@nbodi nent, each of the coarse
powder and the fine powder of the inorganic filler conprises particles
nmade of a cry=? &3y GRGaigh JiLssde CUuRA RIRALGEE ek 1 hee%Fe EL8RE boar d
according to this_preferred enbodi nent are suited as a substrate for an
integrated ci¥t@Inasiony todet ol ghas eyderfly SRFEr St utrshaltPRisi ng a
hi gh frequency because of having a | ow di el ectric capacitance. The netal
base mul til ay®@td ciF &t Pehtd HE IR t(PRIHE PrEent invention is
configured so that the aboye- nmentioned resin conposition s, disposed as an
i nsul ating 25 | ayEre et oboy RTRPR T R dt kT r EeF LR bodFROS héC et al  foil
which is made of, e.g. alumi num copper or an al)Joy  thereof, or a circuit,
Whi ch i3 Gbt ATRIFETS i S8 PSP HEVRRGON off GRATRCTET LEeRi Y, | o

di sposed on th insulatin%:Ia er. The qgtaj base multil ayer cir&uit boar d
may be suited 13 B FRYEY FE T PR grEte® Ao 12%etadiddorohavi ng

Ml | ayerd RO EhY GRTY (5 BETRea AT e
bei ng. excel | Rt TP THRE -GS et P DB R T P aced By T A o of
the above 10 mentioned festn ¢omPOs! i@ mdy e S L0 Q" QAHCS A el 2ot ;
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



In the above-nentioned preferred enbodi nent, each of the coarse powder and
the fine powder of the inorganic filler conprises particles nmade of a
crystalline silicon dioxide. The netal base nultilayer circuit board
according to this 15 preferred enbodinent is suited to be as a substrate for
an integrated circuit using a high frequency and a circuit board using a

hi gh frequency because of having a |ow dBelectric capacitance. 20 EXAMPLE
EXAMPLE 1 55 Parts by mass of a crystalline silicon dioxide ("A-1"

manuf act ur ed Wemeals gasrduqtidity havi ng a maxi num particle size of 96 j.im
(100 pmor below), containing 25 particles having a particle size of 5 to 50
pmin 60 vol % amtPHaR@hdgthe SWesbrRtpaild ciiee sTrEcwit 1Doard) as the coarse
powder of the inorganic filler was mxed with 14 15 parts by mass of a
crystal |l i ne S9GUSHIE BQ d'q 'BHesenfantR@trdY By qeikimyred 139, that
containing particles having a particle size of, 2.0 pmor belowin 70 vol %
and having dheahifs iRtiNesd OB RHICAMROHHLIR el iIFpesed powR? of the
inorganic filler to prepare a raw inorganic filler. 9 Parts, by nass of a

phenol novol SXFEA RS FRYEIB N G He tRFE by T pbbnf hk: af Eheni cal s

I ncorporated), and 1 rts by mass of a silane coupling agent ("A-187" 10
manuf act ur ed By W%é&a&ﬁwweﬁ 1w e%l)l,o%o‘ﬁi‘?’fﬁogvﬁ?%h' sefvdd as a
curing agent, were added to 20 parts b mass of a. bi sphenol type. liquid
epoxy resin (EFBYE a’thLF?tétba’d%%a?iérF i e deta t%‘l?o:)l, and the

above-nentioned raw ingrganic fjller was gdded t her et o .
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



3.5 being kneaded by a kneader at a heating tenperature of 90C, to prepare
resin conposition (a) for a circuit board. 0.05 Parts by mass of an

i m dazol e-based curing accelerator ("TBZ" manufactured by SH KOKU CHEM CALS
20 CORPORATION) as the curing accel erator was added to 100 parts by mass of
resin conposition (a) to obtain resin conposition (b). Resin conposition
(b) was heated at a tenperature of 150C1#or one hour and was further heated
at a tenperature 25 of 180C for two hours to obtain a resin-cured product.
When the thertrhg womcEPY t§oofe the ¢echingures propeeed emusShebt ai ned was
measured by the laser flash nethod, it 16 was revealed that the thernal
conductivi ty ¥Rguhating deverhe Thes miata lakesehdd Gid amgsl €1ECWt |n x ON O

O riwll O r WInU N ONOLI ri Il Inl-0HU 0Ori md 0) 1u
O W LU board may bé suited to be used in a hybrid integrated

circuit because of having the advantage of improving the
5 circuit packaging density. The metal base multilayer
circuit board is 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 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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15
parts by mass of a crystalline silicon dioxide ("“5X”
manufactured by Tatsumori Ltd.,: containing particles

10

15

20

25

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

n
W
v
0w
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k'r CJ.)nriri Ji Wv.rlQ”cavX-rCri vacC4t vriri W1) 0 ?a
Q 4UvIt 3Si ri O rj 10a 701 0OU®®d0) 00 -rl -rl EWUct Ults um

uaC, W18 Resin caonposition (b) was applied to a 1.5 mmthick al um num
pl ate so as tMEsharyealad dbadsShs ey lafaarductiniity, vl t he Ypewti ed
resin conposition was heated at a ,teqperature of 100C for 0.1 hours to be
seni -cured, ZH® LSMETH A AR 16t ITaRe deposited on sem -cured resin
conposition (b), and sem -cured resin conmposition (b) wth the copper foi

t hereon was heated at a tenperature of 180C 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 neasured
in ternms of various characteristics as stated below. The results are shown
in Table 2.



($104)
sL TL L 09 98 0s ISTITI oTuebioutr Jo junowe BUTTTTA
(wrxo3j Teotaoyds
0L Ls - ) UT) SPTIXO uMuUIWNIy
- - 5z 12 8T PT OPTIXOTIP UODTTIS SUTTTeRISAID | aspmod sutyq
(wxozy Teotasyds
- - - - UT) SPIXO WNUTWNTY
SPIXOTP UODITIS SUITIe3IsAx xopmod
e9T ZeT 66 t8 TL 99 PT tp LTt I1T®3 O asI1€00D
Jusbpe
T T T T 1 T Jusbe but1dnoo poseq-oueIIS FutTdnon
] ] ] ] ] ] I03eI9[900k | I0JRIDTIDDE
S0°0 S0°0 S0°0 S0°0 S0°0 S0°0 Bupino peseq-s[oZEpTWT furang
- - - - - - jusbe butino pased-ouTtwy
6 6 UTSaI YeTOAOU TOUD Jusbe
6 6 6 6 . Jet T Ud futInD
UTSSI ) yrsex Axod
0c 0c 0c 0C 0C 0c Axode a2dA3 y Tousaydstg ' 4
9 "XH g 'XdH ¥ "Xd £ "XH ¢ "XH T %A sweu TeTIs3en

T HTdY.L




rcl 114 1000 InIf) r 22 [ Orl MI- MO '~ OI I ) wlOLUzZ OIO0ONH
I TO r E 4-) 0l u.HP4 44 r= 9 uU a 0, TI U 0O av>14-1a-~x (T
0) 0O~ 4H4 (dNOgry) AUrl .,~oao0oarl100.r1HO 4)n4J N 41

4-1 -0 0mrd 77 it -,1C( a O0-rl NmuJdJrl UU41 Q mJJ o Oo ft

.,13J) .r 01 k) toJaMOamOOJI mmfad .rHgwka O0kqgLlLour V)
> yYINFCP+ ENG -rl NC7s O-rl JJiBl U-Wmrouro-i om >1>1r1
014 Crl>-r IJNyYyJ -Hr mOUU-=-rl "ON rl "OU-HOal -rl u-H-HQ

bmrlrqril w Relsim sqomposdtGien (o) 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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w43> x ka o oU ax Eg-H -H gw -rA U Pa, 20 Adhesion: The substrate for a
hybrid integrated circuit with the coppei® oil renoved by etching was cut
into pieces having dinensions of 2 cmx 10 cm and the pieces were bent at

an angle of 90 degresps.| The pigces|s wifthoyt the |i nsul atijng | ayer peering
of f the al um num ‘9p|2le| yer e dgter rriun"gdwa%\"cg%qq;\' Jland the piece with the
i nsul ating | ayer Regr Sig-offw-the al t;Drrignun;_EI“ate was| + /det gnifi ned as "no
good". Flowabi | ilt & |18 Vi scbsifty wasonedsUred byl Nbdell B 10 vi sconeter .
The pi eces having a|V|sgosity gf hilgher tlhan | 200, 000 cpg gt room
tenperature (25G) were defermrled as ‘Ing dood"| |and |t he [pileces having a
vi scosity of 200, @00>|gps| or begl owjat ©foam ;pg% riatlurie (45¢) were determ ned
as "good". 15 Wit hs{3pa Vol tAgd: A n6oEder| 1ot DA A Shnplle for
nmeasur enment, coppgr | T pd | Wase cilr EurPefent|icgld y* et chiet] $b [ds to | eave a 20
mm di anmeter cirdul af~poftjon thereiin. |The \w [ hstland jvol tjages of the sanpl e,
whi ch had befor andraf ter—bermnmgexpose t tenperfaturejof 121C, at a 20
hum dity of 1009RH ERMd_ pt| an at/nosphekic [priessur e/ of (2 florl 96 hours, were
measur ed accordi|ng, [® ga@ane‘;Se Ilnc%sgriijalo\_gﬁam arels |C2110 by inmersing the
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foil and the al yntniili pl ate at {room t Eqperdturel |°
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25 The neasuring instrunent was "TOS-8700" manufactured by Kl KUSU
ELECTRONI CS CORPORATION. Wth respect to the nmultilayer circuit board, the
measur enent was perforned 21 by applying an AC vol tage between t he copper
foil and the <circuit formed in an inner |ayer. Peel Strength: The sanple
for neasurenent was prepared by processing the substrate so as to |eave a s
portion of the copper foil having a wi dtA0of 10 mm The copper foil and the
substrate were bent at an angle of 90 degrees, and an attenpt was nade to
peel the copper fABmS¥E: s eastagte %@Ffl Bngvdrded igrtesranfdri n. The
other conditions were set according to _Japanese Industrial 3.0 Standards
C6481. The nEaifUYitg Wikt e MORREYE £ PriodigiROVet Rhetfda DfvasTESNE LON'
("U-1160" manufactured by TOYO BALDWN. CO, LTD). Dielectric_Dissipation
Factor: In oriddio (o3 esisaitevangs shglensismsmefs & et , 1 oPberatdithems
circunferentially is etched so as to |.eave a 20 mm di aneter circul ar
portion theddigfesTieLfe 8 fdnt2 e Per 1 i ARG S he TEENBIECESs of a
tenperature of 25C and a frequency of 1 M1z according to Japanese

| ndustri af StHtd¥ s s dnsulpie ik dans h st BRI Ret er

("HP4284" 20 manufactured by Yokogawa Hewl ett-Packard Co any%. Dielectric
Const ant : El dfdtGstiticc defsFained @s Yooy s dris YHe she
conditions as the above-. nentioned di elfe tric dissipation factor according
to Japanese Hlfﬁiﬁsattr’inﬁ ISVGHRF EGRLLT Y &I Rw R W (E) was

cal cul ated based on the negsured el ectrostatic capacity (X F), the
t hi ckness of IHETHAAGEEHg TP ('Y: m), the area of the el ectrode (Z; M)

and the 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



22 permssibility of vacuum (8.85x10-12; F/m by using the formula of
E=XY/ (Z8. 85xl| 0-12). Heat Resistance: After a sanple was left in a

t enperature chanber ("PHH 201" manufactured by ESPEC 5 CORP) set at a
tenperature of 200C for 500 hours, the sanple was cool ed on a wooden pi ece,

t he cool ed sanple was imrersed in the insulation oil, an AC vol tage was
appl i ed between the copper foil and the &lum num plate at roomtenperature
in order to see a breakdown voltage. io Reliability of Thin Copper Foil: A

sanpl e was &VAIARRSHRE an AfbstEtade e efbrike i sRRRRRL B £i #2di §he whi ch
i ncl uded copper foil having a thickness of greater than 210 um After the
sanpl e was floiBH orfQr hibfan SRy X¥f€%Ht a tenperature of 260C for 2
m nutes, the is sanpl e was cool ed on a wqoden piece, imersed in the

insul ation oil, afRFh Preelkdbin VIe SRl TRfaFesH IR e Hp I35 ng an AC

vol t age between the cqpper foil and the alum numplate of fhe sanple at
room t enper atRASPAVRMIMY REAISSs 1M hosTuke k3 th %‘? APt LahpREe s@ibj ect ed

20 to such process was_ohserved (by_a, scannjng el ectron _m croscop to

(
eval uate whetBRFCIM FSUTIRPT oy bV IRA A (et Ct hil i A er ace of
the copper foil and the insulating |layer of the sanple or not., Value of
Heat Resi starfiﬁé’.peﬁe{@;ﬁpﬁrﬁft&?e rﬁ‘e‘g%?ﬁ HentWey tp?tép%ﬁ‘e?in%/ec‘ﬂ%t?%g out,
fromthe test_ speci nen, & i ece having di n&nsions 0 3%(; cmso as to | eave
a portion ofiSHETHPFRY ¢ 'Ia%%‘?}i‘ﬁalfg ‘tﬂ%r‘re‘ﬁ% DN FELOXIRT MPPBRY A B 220

{2l Stor Y, OIS0 00U, 0 SOBPPLg hbaede S0SWEPRRS 1AL JBiL (PO
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



fixed through heat dissipating grease on heat dissipating fins, which were
~water-cooled. The transistor was s energi zed to generate heat. The val ue of
heat resistance of the sanple to be found (A KW was neasured by
measuring the tenperature difference between the surface of the transistor
and the backside of the netal substrate to obtain a value of heat
resi stance and conpensating the 10 obtai B&d val ue, taking the val ue of heat

resistance of the heat dissipating grease intq,account. Ther nmal

Conduct i vi ty:PeFH'élE’tEﬁé?Jrﬂa’rtﬁéd?fgd&q‘Wnﬁ y(8 (8RN VR floxines i@ ethan t he
above-nentioned val ue of heat resistance, (A KW, the thickness of the

i nsul ati ng i EeEREka AL tBeX Snih & (8870 and- t he mounting area of the
transistor (C nR) by using the fornmula of H=B/(AC). Processability: Hol es
vwere nmade in the BedstRaseStarca: hfheF intgiked'as ri&fitt By & punch. The

depth of wear of the punch was nmeasured after 10,000 shots._20 Wthstand
Vol tage for CGrERATRFUrSRatRer Al TP ot ERsreEpe MAsESRESGs to be

away froma creeping surface of a substrate for a hybrid integrated circuit
by 2 mmas & |e2% Rt b astmReERtur AP VOIG dfr O haypis edhset ween t he
copper foil circujt and thelr%%um num 25 _pl ate at roomtenPe ature to nmeasure

a vol tage t haf@™Ryenefat e° pPhF dTRFR L e Foner e 0SSO 8F 2P fie

Standard Oo4BISS BP9 Thre s ol DEEhe bhoveR Tkt T BRER, BRect 1

| oss. The pomerqjglc)%%% was flg)und based onlthe el ecti;gstaltli C fagaci ty (X

F), the oper &5y ¢ RS oF e THRPHevE /L (F1A00RR H T VRREUT R 3bBr &t i ng

vol tage (I;Z%gxmltemperature 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.



V) by using the fornula of G=(Xxl2xH)/2. EXAMPLES 2 to 6 The resin
conposition, the resin-cured product, the 1io0 substrate, the circuit board,
the hybrid integrated circuit in each of these exanples were fabricated and
evaluated in the sane way as those in Exanple 1 except that the kinds and
the blending ratios of the coarse powder and the fine powder of the
inorganic filler were is changed as showd3in Table 1. The results of
evaluation are shown in Table 1 and Table 2. Conparative Exanples 1 to 6
The resin cofpd$it1d2h, trans it wag etb sttt ionthe aqpre¥ afell i ndircuit
board, the hybrid integrated 20 circuit in each of these_ conparative

exanpl es wer &€he ganRaHR &P idh ¢ il the drans iHeoL Rl dREL At RER@ | WRS Exanpl e
1 except that the kinds and the blending ratios of the curing agent, the
coar se powderf BiRf tHEFUH e herdwsblrs SR al ‘DR sern rhadft (31971 Gt i on
are showmn 25 in Tahle 3 and Table 4. 25 u) 04 ri | H OXNO1 O to 10 W
Ln Ln 0 X N fHns. hidh wexs waden ereied. MIbe trangigror was

5 energized to generate heat. The value of heat resistance
of the sample to be found (A;K/W) was measured by
measuring the temperature difference between the surface
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)
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was measured according to Japan Industrial Standard Cé6481

under the same conditions as above-mentioned dielectric

loss. The power loss (G) was found based on the

electrostatic capacity (X;F), the operating frequency of

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
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
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
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

in Table 3 and Table 4.
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-ri ri k-ri 40hHW 3>CP. OUCL MEQQ 134 3 U CU 27 EXAWLE 7
Resin conmposition (b) prepared in Exanple 2 was applied on an al um num

pl ate having a thickness of 1.5 mm so a87to forma first insulating |ayer
having a thickness s of 150 pmafter curing, and was heated at a tenperature
of 100C for &XPMRdE %o be sem -cured. Then, copper foil having a thickness
of 35 pm was di sposed on sem - cured resin conposition (b), and the resin
conposi tion was FRFITheTOMRQAELA ol RFRAHSH L DIEXHWE S of WHhours, i0
finishing the curing process. The abqve-nentioned resin conposition (b) was
appl i ed on t REPIAESRBY & Pt ghid 2 tso hay g forth s asson 5 st 3% ng

| ayer having a thickness of 50 }pm after curing, and was heated at a
tenperature 6P BOESF GO B HoFSh o e SEHNE JdE T TSNS Py e |
having a thickness of 210 pm was, di sposed on_  seni-cured resin conposition
(b), and the9fedi®? WoRfdSh iTH NS AR &S heatsf &t BFeRFTZEHdurs to
finish the curing process, fabricating a nultilayer substrate for a hybrid
i ntegrated ciofcdi%0 CTRersOndt hotE 5o g&bﬁ?@&réﬁrﬁés etBfuat €PPThHe resul ts

of evaluation are. shown in.Tahle 5, Tahle 6 and Table 7.. EXAMPLE 8 The
mul tilayer oot DVORH dd HPIE S Shd™ KA (HERPIST Rk SSE vay as

that of Exam@d%éé<?g§¥§ 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.



25 that the thickness of the second insulating | ayer was changed to 200 pm
The results of evaluation are shown in Table 5 Table 6 and Table 7. 28
COMPARATI VE EXAMPLES 7 and 8 The resin conposition, the resin-cured product,
the substrate, the circuit board, the hybrid integrated circuit in each of
t hese conparative exanples were 5 fabricated and evaluated in the sane way
as those in Exanple 7 except that the kk&ds and the blending ratios of the
curing agent, the coarse powder and the fine powder were changed and except
that the thi CONSIRAGIVEWNEXAYEEES 7 med &t i ng | ayer was changed in
Conparative 10 Exanple 8. The results of evaluation are shown in Table 5,
Tabl e 6 and Tabl &he rESEIE ®upeitidry,. theviesiraicurar rired@etex.tlre and 8
Bi sphenol A type epoxy Epoxy resin 20 20 resin Curing Phenol novol ak resin
9 - agent amswbsasée . clphiendlagavit bogrdoutiheg hiylirdal direasiddeEuri ng

accel erator accelerator 0.05 Coupling Silane-based coupling agent 1 1

agent Coar se c@rgstidl lineash ioforfhgisexicgapprative examples were

s fabricated and evaluated in the same way as those in
Example 7 except that the kinds and the blending ratios
of the curing agent, the coarse powder and the 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 1] . .
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




powder Al umi num oxide (in 62

spheri cal

. silicon dioxide 18 - Al um num oxide (in 27

Ex.
Copper

0.21
Fl owabi ity

outer foi
Table 5 0.05 0.2 0.05 0.
| ayer JBBLEABLE 7

0. 035

7 Ex. 8 Base nmateri al

spheri cal
of inorganic filler (vole) 56 51 29 TABLE 6 unit:
7 Ex. 8 Conp. Conp. Ex.
First Refer to insulating Table 5 0.15 0.15 0.15 0.15
0. 035 0.035 0.0339 | ayer
2 layer Grcuit in Copper inner foi

form Fine powder Crystalline

form Filling anount
mm Fornmation Materi al
Alumnum 1.5 1.5 1.5 1.5
| ayer Circuit
Second Refer to insulating
0.21 0.21 0.21

ltem Unit Ex. 7 Ex. 8 Conp. Conp. Unggf: MmEx, 8

Viscosity cps 80,000 180, 00066000 66,000
Formation |Material Ex. 7 Ex. 8 comp . comp .
Ex. 7 Ex. 8
Base .
ase Aluminum 1.5 1.5 1.5 1.5
material
First
. Refer to
i 1 ) ) . ;
insulating Table & 0.15 0.15 0.15 0.15
layer
Circuit in Copper
outer pp 0.035 0.035 0.035 0.035
foil
layer
Second
. Refer to
i 1 . . . .
insulating Table 5 0.05 0.2 0.05 0.2
layer
Circuit in Copper
inner PP 0.21 0.21 0.21 0.21
foil
layer




Adhesi on Good Good Good Good Wthstand Initial

. Stage After 96 hr under
200C 500 resi stance hr
Not copper foi
4.2 10.0 mn Peel
1.92 1.28 2.01 Thernal

4.6 10.0 4.5 10.0
KV Pressure 5.0 10.0 4.6 10.0 Cooker Test
kV 10.0 10.0 Reliability Fracture of thick in Not
i nsul ating found found Found Found

vol t age

Heat

| ayer 260C 2 Ky 4.2 10.0

strength Kgf/cm2.0 2.2 2.0 2.1 Heat

constant 4.4 4.4 7.1 7.1 Dielectric dissipation 0.004 0.005 0.004 0.004

factor ProcedddBiH ity nm -

2.0 - 4.0 Wthstand voltage f or

kW creeplng

di scharge 6.[4=5-2 Power toss W2 471 337§ 2.2 317 tNBuS thﬁ tHGEBH
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 °
resistance igo © 500 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
?;iiitrlc dissipation 0.004 | 0.005 | 0.004 | 0.004
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

resi stance ¢ W1. 21
conductivity Wn&02.0 2.0 2.0 2.0 Dielectric

I TY



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 applicable to a 10 heat dissipating
material for various kinds of electrical conponents and el ectronic
conponent s, JOCNVSARIALs WRRLISAASILIAY a hybrid integrated circuit and a
circuit board, and 1is significantly effective in ternms of industry because
of bei ng capabl e Tfe prefdni¢NRPSidsian areer Pt the mxesent | ower
dielectric constant and a resin-cured product having a further excellent

t her mal conddéMertipn jis HYdtefe o dreifsdi iding fyssufsit.ate- Jora a hybrid
integrated circuit and the circuit board according to the present invention
are 20 exceldubftnatenifisramybidia dge egratas adirtuids simed mal  di ssi pati on
and high frequency characteristics because __being made of a resin

conposi ti Bn KAMHGaHOm Ry & ABREEE farliler hAvemna e shassihdt e or the
circuit board according to the present invention is utilized to 25
fabricate a BAHIEIintdFgardd @ il ihesEn aiviidesofe Righ hybri d
integrated circuit is .increased, which neans that the substrate and the
circuit boar ®X&EHFHg el ipn, & duigh tharaml sienduetsigidi iaimht
effective in terns of industry. The nethod for preparing the resin

conposi tion SRy A HE I SRt A v eAtPomesd e SpABPS 16f on

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



s realizing the excellent properties of the above-nentioned resin
conposition by only specifying the mxing order of the materials. The

nmet hod 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 circuit board using such a resin-cured
product, and consequently providing a reéRiable hybrid integrated circuit,
whi ch neans that the mnmethod according to the present invention is
significant R¥FERNY IOV §imhiskicant 3 ffrctlite rin diedoseif e of
Japanese Patent_ Application No. 2005-256194 filed on Septenber 5, 2005
including spé¥dustéati on, clains and summary is incorporated herein by
reference in its entirety. 20 33 CLAIMS 1. Aresin conposition conprising a

curabl e resin coh? iReHPd fPeREEPERIH el Beeini A9 ReRhELIPBr the epoxy
s resin; and an ingrganic filler filled in the curable agent; wherein the
curing agent AERFIIND &P M ATSRARA VSR BhEIRRRES Pt he i nor gani ¢
filler conprises a6 coarse po %%Econtaining particles having an average io
particle 8i z& G Fing 29'9if 45 RERdere T gt i rRPOHarte et ¥ 4fvi ng
an average particle size pf,O.%%to 1.5 m, 2.. The resin conposition
accordi ng to X TR Yhém]r%rsg;gerﬁlcflf:mg erhe dMrF 1R C¥d%% Phrticl es
cont ai nin
g the materials. The method 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 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



is particles having a maxi nrum particle size of 100 pm or bel ow and a
particle size of 5 to 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
amount of 70 vol % or above. 20 3. The resin conposition according to C aim
1 or 2, wherein the curable resinis in an anmount of 25 to 50 vol% and
wherein the inorganic filler conprises a3@oarse powder in an anount of 34
to 70 vol % and a fine powder in an anount of 3 to 24 vol% 25 4. The resin
conposi tion according to any one of C &LAEMS1 to 3, wherein at |east the
coarse powder conprises particles having a crystalline silicon dioxide. 34
5. The resi njc-orr%slifﬁldh GRIERP W PR oCAMYL bPENGfa CFaraRle 1resin, wherein
each of the coarse powder and the fine powder conprises particles nade of a
crystalline SAMRIGFIHoxide. 5 6. The resin conposition according to Caim
4, wherein the fine powder conprises particles nade of a spherical

al um num oxi de. AR SRIEY KR PR YUEET TIPSR higt Phet PR SPROX¥Eonposi ti on
defined in any one of Claims 1 to 6. 10 S. The resin-cured product according
to Caim?, H&AMY 3% hermal conductivity of 1.5 to 5.0 WnK. 9. A
substrate for a hybrjd integrated circuit, . conprising a netal substrate; an
i nsul ating | ayer 2ReRRTIREOnt t heehet bl 1edpie rEhe SWErRLAPRPCRG the resin
is conposition defined in any one of Clains 1 tp 6; and netal fojl, disposed

on the insul ating'tekRin Gler  QUEIRIt RIAERE F OPMRT hYBFi 3 PRERYL abeUCLRFCui t,

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
um.

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 um 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 vol%.

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.



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 foil disposed on the insulating |ayer, wherein the
metal foil is processed to forma circuit. 11. A nethod for preparing the
resin conposition defined in any one of Clains 1 to 6, conprising m xing an
epoxy 25 resin and a curing agent of a phenol novol ak resin; and bl endi ng
and m xing an inorganic filler with the m xture before curing. 35 12. A
netal base m3lti IBRred it GFAmRRSEtE Lo AT HE S t e %rtfbsctf? 1B first
insulating | ayer disposed on the netal substrate and conprising the resin
conposi tion 1déA fed Whetsiy GR¢oriotdiensortss dovleay raé'{}iotth@o 'S di sposed

on the first insulating layer; a second insulating |ayer. disposed on the
first insul aPoWGaTayramP e S HRFEIS E‘Wéferé’sﬁ i 68%1%5‘%]1%16?? dfitEd i n any
one of Cainsg 1 to 6; and an el ectronic conponent di sposed on the second
i nsul ating | Wl%e el ectroni c conponent 10 having a hi gh heat

di ssipation. 13. The netal base nultilayer circuit board according to Caim
12, further coﬂpr'-li'é‘? n@%lm%qpqwomi%%g@n%eq%%yﬁeﬂiwl"s?r Hul ati ng

| ayer and the_second insulating l.ayer. is .14. The pet base nul til ayer
circuit boar #¥cddrd RPWEET AH SRS 1 é‘iar‘f{gaﬁg S;-"ecgc?ﬁlfﬁjﬁs"’l}i ating
| ayer has a aﬁrﬁfm‘iﬁr&%s%x%fdéo pm or above and 200 pm or bel ow.
7. A resin-cured product comprising 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/mK.
9. A substrate for a hybrid integrated circuit,
comprising a metal substrate; an insulating layer
deposited on the metal substrate and comprising the resin
15 composition defined in any one of Claims 1 to 6; 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.
11. 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.
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15

35

12. A metal base multilayer circuit board comprising a
metal substrate; a first insulating layer disposed on the
metal substrate and comprising the resin composition
defined in any one of Claims 1 to 6; a circuit board
disposed on the first insulating layer; a second
insulating layer disposed on the first insulating layer
and comprising the resin composition defined in any one
of Claims 1 to 6; and an electronic component disposed on
the second insulating layer, the electronic component
having a high heat dissipation.

13. The metal base multilayer circuit board according to
Claim 12, further comprising a metal layer disposed
between the first insulating layer and the second
insulating layer.

14. The metal base multilayer circuit board according to
Claim 12 or 13, wherein the second insulating layer has a

thickness of 50 um or above and 200 um or below.





