SPECI FI CATION Title of the Invention Epoxy Resin Conposition And Cured
Article Thereof Field of Technol ogy [0001] This invention relates to an
€poxy resin conposition which is an electrical insulator and at the sane
time an excellent thermal conductor and to a cured article thereof.
Background Technol ogy [0002] Resin conpositions mainly constituted of epoxy
resins are wdely used for casting encapsulation, and |lam nation in the

el ectrical and electronic fields. Reduction in size and wei ght of

el ectronic instrunments inr t IS to high-density packagi ng of
el ectronic parts. Keeping p gﬁﬁwEﬁﬁPJhFQP?rLﬁgg LSIs are advancing toward a

still larger scale of integration and higher rate of operation and this has
enphasi zed the inportance of how to dissipate heat generated from
electroqgg aftﬁ.IFor this reason, thermally conductive nolded articles of
heat - di hgﬁ itHe W0kl s such as netals, ceramics, and pol yneric
conpositions are applied to the heat-dissipating parts of printed wiring
boards, sem conductor 1 packages, box-shaped housi ngs, heat pipes,
heat-dissiEating panel s, heat-diffusing panels, and the like. [0003] O

t hese heat Engxe fepia Comgogdians Ande (ured Aqit talel Therasit ai ned from epoxy resin
conpositions are used widely as cast articles, |am nated sheets,
encapsul ati ng

Field of Technology

10001]
This invention relates to am epoxy resin composition which is an electrical
insulator and at the same time an excellent thermal conductor and to a cured

article thereof.
Background Technology

[0002]

Resin compositions mainly constituted of epoxy resins are widely used for
casting encapsulation, and lamination in the electrical and electronic fields.
Reduction in size and weight of electronic instruments in recent vears has led to
high-density packaging of electronic parts. Keeping pace with this trend LSIs are
advancing toward a still larger scale of integration and higher rate of operation
and this has emphasized the importance of how to dissipate heat generated from
electronic parts. For this reason, thermally conductive molded articles of heat-
dissipating materials such as metals, ceramics, and polymeric compositions are

applied to the heat—dissipating parts of printed wiring boards, semiconductor



materi al s, adhesives, and the like in the electrical and electronic fields
for their excellent electrical insulation properties, nmechanical

properties, heat resistance, chem cal resistance, and adhesive properties.

[ 0004] The epoxy resin conpositions intended for this particul ar
application are formulated froma matrix resin and an inorganic filler such

as gl ass used, silic nd.talc t rovide a,.high thermal conducti.vity and
rost gertackiiRg. baX g BRGisRy (sl o beR s ot Suis Rt ng el [ BB0gll Vit he
case where a still higher thermal conductivity is required the fillers

sui t abl ebanels, t #ildsthsuik6se i ncl ude netal oxides such as al umi num oxi de,
magnesi um oxi de, zinc oxide, and quartz, netal nitrides such as boron

nitride @ff3jal um num nitride, netal carbides such as silicon carbide, netal
hydr oxi des such as al umi num hydroxide, netals such as gold silver, and
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JPI'1-323162 A Patent docunent 6; JP2004-331811 A [00071 However, recent
el ect r oradepials s aghasavest eancthdheakikagly ther eleséeicahsandnelectronic fields for

their excellent electrical insulation properties, mechanical properties, heat
resistance, chemical resistance, and adhesive properties.
[0004)

The epoxy resin compositions intended for this particular application are
formilated from a matrix resin and an inorganic filler such as glass, fused
silica, and talc to provide a high thermal conductivity and most generally, a
high proportion of fused silica is used
[0005;

In the case where a still higher thermal conductivity is required the fillers
suitable for this purpose include metal oxides such as aluminum oxide, magnesium
oxide, zinc oxide, and quartz, metal nitrides such as boron nitride and aluminum
nitride, metal carbides such as silicon carbide, metal hvdroxides such as aluminum
hydroxide, metals such as gold, silver, and copper, carbon fibers, and graphite.
[0006]

The following prior-art documents are known in relation to this invention

Patent document 1: JP2001-207031 A
Patent document 2: JP6-51778 B

Patent document 3: JP2001-172472 A
Patent document 4: JP2001-348488 A



continue to inprove in performance and function and the thermal conductivity
possessed by the cured articles of conventional epoxy resin conpositions is
not sufficient to cope with this situation and there is a growi ng demand
for mtrix resins of higher thermal conductivity. For exanple, the patent
documents 5 and 6 propose resin conpositions fornulated fromliquid crystal

resi ns havi S n up. However, these epoxy resins having a
rigid mesoggﬁ @tgdkg!i‘ﬂe“ég%h?ﬂjs%g@ﬁ nyl and azonet hi ne show hi gh

crystallini and hlgh I ' i and are substantially single epoxy
conpounds dk%&ﬂﬂ @Fmﬁﬂl ' Eﬁgﬁgggﬁ }Hlstrlbutlon t hus, they showed poor
solubility in solvents and were hard to work with in fornulatlng
conposi t (008 fromthem Moreover, it was necessary to apply a strong magnetic
field during curing in order to orient the nolecules nore efficiently in the

cured st dfgevepd theeqt @W?ﬂllé‘ @ﬁfﬂsmg%néﬁ%ér'll‘fdrhmnl%l@f tioPe Cfbd Jp”é%”ttheﬁ

real i zi ng a w der commercial utilization pat ent ocument
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chi p techni que f|C|e tl i sp r5|n t.he Ioad into a | ayer, of .
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under severe environmental conditions such as tenperature cycle; however,
t he di sciud$ioient ite ¢opei widl thisbsdphidon! andy prerepisxy gewims defind part eatrix
docunent 2 discloses an epoxy resin conposition based on bisphenol type

epoxy I efishyys LPrhighér itherda B ROARRY]vaty. oPolfexmpNk C ARE UL AItS

investigation 1s conducted into the curing agents and the o ject here isto
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mesogenic group. However, these epoxy resins having a rigid mesogenic group such

as biphenyl and azomethine show high crystallinity and high melting point and are
substantially single epoxy compounds devoid of molecular weight distribution; thus,
they showed poor solubility in solvents and were hard to work with in formulating
compositions from them Moreover, it was necessary {0 apply a strong magnetic
field during curing in order to orient the molecules more efficiently in the cured
state and this imposed a serious restriction on the equipment in realizing a wider
comercial utilization

[0008]

The patent document { discloses an epoxy resin composition which is designed to
reduce the load on the comnecting electrode in a semiconductor device packaged by
the flip chip technique by efficiently dispersing the locad into a layer of
encapsulating resin and to secure the conductivity of a semiconductor device under
severe environmental conditions such as temperature cycle; however, the disclosure
is limited to bisphenol type epoxy resins. The patent document 2 discloses an

epoxy resin composition based on bisphenol tvpe epoxy resins for use in



resin conposition containing spherical cristobalite clainmed to show good
flow, cause mninmal wear of the nolds, and cure with high thermal
conductivity; however, the nmeans resorted to here is inprovenent of the
fillers and not inprovenment of the resin itself. The patent docunent 4
di scl oses an epoxy resin conposition which contains a high proportion of

di scl oses an epoxy re osi ti on uhi high on o
thom. neniGoyul i A0S SEHEARE . PRk Tl e PRATE, LY B YaY SHRL el

itself. Discl £ Lhe lnvention Probl be, Sol wed by the.lnventi
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which is easy to work with and shows | ow thermal expansion and high thernmal
conduct i thiet heat arasis tangs: oVheidatend udosumeat 3 ¢l s losrsr othermad dn condicsbiley epakie
Problenms [0010] The inventors of this invention have conducted extensive

st udi es te@im adomposti hin bwiacmiggt ssheeitabr oblsebal itbodiwimed niev eshow agod t B, an

epoxy resin conposition containing a conbination of a specific epoxy resin

and 2 SReg! iy Bk, migl AP 'y sy YRFRIL LRSS S: GG Lo

curing and arrived at this’invention. ccordi ngly invention
relates {0 an _epoxy _resin.conpasition c i Si ng..,epoxy,resins _and curing
agent s wHEr BEARS STBPEHeEn b NEFRO (USRIt O ¢ thei" i LR ABd dIGK o s GVefierd  of
follomjnﬁlgeneral formula (1) O - . ) . )
e resin itself. The patent documenf 4 discloses an epoxy resin composition which
contains a high proportion of inorganic fillers and cures with good thermal
conductivity; however, the theme here is improvement of the {illers and not

improvement of the resin itsell.

Disclosure of the Invention

Problems to be Solved by the Invention

(0009
An object of this invention is to provide an epoxy resin composition which is
easy to work with and shows low thermal expansion and high thermal conductivity

and to provide a cured article thereof.
Means to Solve the Problems

100101
The inventors of this invention have conducied extensive studies to solve the
aforementioned problems, found a novel fact that an epoxy resin composition

containing a combination of a specific epoxy resin and a specific curing agent



OOf/ OYOON OH 1" (1) (wherein nis a nunber of > 0 and mis an integer
of 1-3) accounts for 50 wt% or nore of the epoxy resins and a di phenyl

et her type phenolic resin represented by the foll ow ng general fornula (2)
HOO Of/ OYOo OGMOH OH (2) (wherein nis a nunber of >0 and mis an

i nteger of 1-3) accounts for 20 wt% or nore of the curing agents. [0012]

I ncor por at J f %.0r, e i n.c fi:llers.in th paxy fesi.n
conposi t@éﬁf rao 1gpﬁ?§‘i'fsﬁggﬁﬁq 5ﬁgtgaﬁ%ﬁg&3$@eclﬁ1{]h@hgﬁd @E@V?(ﬁéﬁ nﬁﬁlge%ﬁ%méwbn and
i nprove qudrfher the thermal conductivity. The epoxy resin conposition of
this i nv@llon can be cured and desi rably, the cured article has such a
crystalline structure as to show an endothermof 5 J/g or nore determ ned
by differ decomlinglver tes amehyisnsrelatdsoGa3hn efory erpsiy 00@EBOSHt ivapreampeidiag by
the aforenentioned general fornula (1) can be prepared by the reaction of a

bi sph t Bl | pW e O
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reacti Onfef)%eﬁﬁ}d Wrtﬁé ?gll%fﬂgi ébnélhﬁ R ey as the ordi nary epoxidation

reaction.
0
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(1)
wherein n is a number of =0 and m is an integer of 1-3) accounts for 50 wi% or
more of the epoxy resins and a diphenyl ether type phenolic resin represented by

the following general formula )

HO‘O-GOO}—fo o@—{o@Hfm
e ™ In (2)

wherein n is a number of =0 and m is an integer of 1-3) accounts for 20 wi% or
more of the curing agents.
[0012]

Incorporation of 50% or more of inorganic fillers in the epoxy resin composition
of this invention can reduce further the thermal expansion and improve further the
thermal conductivity. The epoxy resin composition of this invention can be cured
and, desirably, the cured article has such a crystalline structure as to show an

endotherm of 5 J/g or more determined by differential thermal analysis.



. .
[ 00141 For exanple, a bisphenol conpound represented by the aforenentioned
general fornmula (3) is dissolved in excess epichlorohydrin and the reaction
i.s allowed to proceed in the presence of an alkali mnetal hydroxide such as
sodi um hydroxi de and potassi um hydroxi de at a tenperature in the range of
50- 150, preferably in the range of 60-100 t, for a tine of I to 10 hours.
I-n this @8%@1 the anount of alkali nmetal hydroxide is in the range of
0.8-1.2 lBldes, preferably in the range of 0.9-1.0 nole, per 1 nole of the
hydroxyl group in the bisphenol conpound Epichlorohydrin is used in excess

of the hydhexspoxgriesin imeptesented siphethel afocementioned meonaral | forfula- 5 raheke per 1
nol e of the hydroxyl group. Upon conpletion of the reaction, the excess

epi chl or I My i 8dabl1n@dnof £, ki i 'S & i rent
stch as Hofied O I ek loftof) 4 bisHRmbE i) Prn Bl Ry e FORERIR
remove t I icgqsalts, and stripped of the solvent to yield the object
epoxy régﬁH?Pﬁégﬁ@? @?In t he aforenegPioned gener al fornulay(l), nis ;

nunber of >0 and it can be adjusted easily by changing the nolar ratio of
epi chl orohydrin to the bisphenol conpound to be used in the reaction. The
mean of n is preferably in the range of 1.1-3.0 fromthe standpoint of

melting point. A nunber | arge ha is raises the nelting point and the
resin becones | ess easy H ' D6 To obtain a
hi gh- ol ecul ar - wei ght epoxy resin, a pfhcticable netdpd is a prelinmnary

reaction of epoxy resins mainly constituted of the epoxy resin for which n
= 0 in general formula (1) with the bi sphenol conmpound of general formula

wherein m is an integer of 1-3) with epichlorohydrin This reaction can be
carried out in the same way as the ordinary epoxidation reaction.
[0014]

For example, a bisphenol compound represented by the aforementioned general
fornila 3 is dissolved in excess epichlorohydrin and the reaction is allowed to
proceed in the presence of an alkali metal hydroxide such as sodium hydroxide and
potassium hydroxide at a temperature in the range of 50~150°C, preferably in the
range of 60-100 °C, for a time of 1 to 10 hours. In this case, the amount of
alkali metal hydroxide is in the range of 0.8-1 2 moles, preferably in the range
of 0.9-L0 mole, per 1 mole of the hydroxyl group in the bisphenol compound
Epichlorohydrin is used in excess of the hydroxyl group in the bisphenol compound
normally 1. 5-15 moles per 1 mole of the hydroxyl group. Upon completion of the
reaction, the excess epichlorohvdrin is distilled off, the residue is dissolved in
a solvent such as toluene and methyl isobutvl ketone, filtered washed with water
to remove the inorganic salts, and stripped of the solvent to yield the object
epoxy resin

[0015]



(3). [0017] The bisphenol conpounds useful as raw materials for the epoxy
resins of this invention are represented by the aforenentioned general
formula (3) wherein mis 1, 2, or 3, preferably 1 or 2. Concrete exanpl es
i ncl ude 44" -di hydroxydi phenyl ether, 1, 4-bis (4-hydroxyphenoxy) benzene,
and 4 4' -bis (4-hydroxyphenoxy) diphenyl ether. A m xture of these

50"t % or Iﬁﬁﬂ@%ﬁbﬁ’%ﬂeﬁ%nﬁfﬁgieﬁgmmam "R ie ab@ﬂbﬁféqieﬁ%-ﬁl e | ‘FS@?S&)@#RE
% 0

70wt %6 R URGR CeshISe R pagige B MO MEpFadertlc b ShOREN R Ror R ESEIER0L The

epoxy equivalent of the epoxy resin represented b%ﬂgeneral formul a

(1
nor mal | woipeund He beansed on theorenotionodharmean tofi B isebrederab] B uint did Yﬂf@p@%dl ng
upon the intended wuse. For exanple, epoxy resins mainly constituted of the

epoxy rgsi43, [flq%lﬁf%ﬁé‘tsftﬁndpbmg@ﬂ‘ﬁéﬁ'mé %mel 3\ qilbepar&im titn=t1 sapd sd e an

epoxy requival ent of 400-40, 000 are preferred for applications as nol ding

a1 o ndeLHEE BT pt Eﬁﬁé ool IS B bR ) S aha o ovi ng

t he romtggiperty Epoxy resins wth an epoxy equi val ent of 400-40,000 are
preferal 9 | ected for applications to | am nated sheets where film formng
properties and flexibility are required This epoxy equival ent shoul d

pr ef er abl Jobebkidni af iheghr-aokeaular-weightc sapexynheasent v pracbimakleki medBodof isepoxy
resins are used In such a case, the epoxy equivalent is conmputed by

g:o\(;;(sl S?}g%lggma‘[ﬁ% ateai:mngbf @bxi hesimes mamly neds tixutdde oputtieeep®ly wedias fof
which n = 0 in general formila (1) with the bisphenol compound of general formula
3.
[0017]

The bisphenol compounds useful as raw materials for the epoxy resins of this
invention are represented by the aforementioned general fornula () wherein m is
I, 2 or 3 vpreferably 1 or 2 Concrete examples include 4, 4" —dihydroxvdiphenyl
ether, 1, 4-bis @-hydroxyphenoxy) benzene, and 4, 4 -bis 4-hydroxvphenoxy) diphenyl
ether. A mixture of these bisphenol compounds may be used as a raw material, but
the one containing 50 wt% or more of 4 4’ dihvdroxvdiphenyl ether is preferabie.
[0018!

The epoxy resins for use in this invention comprise 50 wt% or more preferably
10 wt% or more, of the epoxy resin represented by general formula (I). The epoxy
equivalent of the epoxy resin represented by general formla () is normally in
the range of 160~10, 000 and it is selected suitably depending upon the intended
use. For example, epoxy resins mainly constituted of the epoxy resin represented

by general formula (1) wherein n = 0 and have an epoxy requivalent of 400-40, 000

are preferred for applications as molding materials because low viscosity is



Preferably, the epoxy resin represented by general formula (1) is solid and
crystalline at normal tenperature, particularly in nolding applications, and
has a nelting point of 70 C or above and a nelt viscosity of 0.005-0.5 Pa

s at 150C. The aforementioned crystallinity, nelting point, and nelt
viscosity should preferably be satisfied when a m xture of two or nore

ki nds of i i [ e purity, o Xy resin to be
used i n TEANSEY 08 AR st andibd e Abing ey Bl Gt EhoPRRORIN of Gkt
content 0Qf. hydrqlyzabl.e chloyine should _be redyced.as much as possible from
t he stardelﬁrs]t fmﬁ)ﬁ@vm&mh&b{lpmromrﬂa Eeammmwaﬁg 3 cEPOIR AL VakRAtr @i n i s
applied Al though the content of hydrolyzable chlorine is not limted to a
speci fi di{-=0ed00 ane prefprad¥ eseaddiyd 160 Gapppivabions ees ] ammeted pwhet isr wiry {1180 ppm
or less. The quantity referred to as hydrolyzable chlorine in this

i nvent i qgfgan iwal Hil-JoP¥ |1 'naxﬂﬁn i; 5 t he
sanpl e qps dlsgg vgﬁg?nﬂgbqﬁgﬂgyhg?oigﬂé%ﬁﬁg&%1]g?S1 N Cﬂﬁygagﬂgegﬁ¥ﬁ£

sol ution.j i k o) ] t cqol to oom

t enper a{bﬁ{a@,ratﬁgob%%ag%#@nE%Aﬁ%éo@gwﬁﬁ%ﬁﬂ% e?@ﬂé @geg(gqeg‘%suiﬁgd t he
resulting solytion is 8 potentionetrically titrated with an. aqueous 0.002 N
AghD3 sORe e, 1N BB13 A ol FgoNToCEHFRLEN hyisnewBiteti by Vil T uidsl W13 use
an ordinary epoxy resin having two or nore epoxy groups in its nolecule

t oget hemwewght hoft gesiantinag bEpgwynwnbersbﬁ mksr efs epmgdgtoupgeneral formul a (U.
Such ordinary epoxy resins include glycidyl ethers derived fromthe

f ol I ow ngphenol s: di hydric phenols such as bisphenol A bisphenol F, 3, 3',
5, 5 -tetranethyl-4, 4'-dihydroxydi phenyl net hane,

Preferably, the epoxy resin represented by general formuia (1) 1is solid and
crystalline at normal temperature, particularly in molding applications, and has a
melting point of 70 °C or above and a meit viscosity of 0.005-0.5 Pa-s at 150C.
The aforementioned crystallinity, melting point, and melt viscosity should
preferably be satisfied when a mixture of two or more kinds of epoxy resins is
used
10020}

The purity of an epoxy resin to be used in this invention should be adequately
high and, in particular, the content of hydrolyzable chlorine should be reduced as
mich as possible from the standpoint of the reliability of electronic parts to
which the resin is applied Although the content of hvdrolvzable chlorine is not
limited to a specific level, it 1s preferably 1500 ppm or less, more preferably
700 pom or less. The quantity referred to as hydrolyzable chlorine in this
invention means the value determined in the following manner; (.5 g of the sample
is dissolved in 30 ml of dioxane, 10 ml of 1 N KOH is added the solution is
boiled under reflux for 30 minutes and then cooled to room temperature, 100 ml of

an 80% aqueous solution of acetone is added and the resulting solution is



4, 4'-di hydroxydi phenyl sul fone, 4, 4'-dihydroxydi phenyl sulfide, 4, 4'-
di hydr oxydi phenyl ketone, fluorenebi sphenol, 4, 4'-biphenol, 3, 3, 5,
5'-tetranethyl - 4, 4'-di hydroxybi phenyl, 2, 2'-biphenol, hydroqui none,
resorcin, catechol, t- butylcatechol, t-butylhydroqui none,

1, 2- di hydr oxynapht hal ene, 1, 3- di hydr oxynapht hal ene,

ﬁiﬁ&gi2&§@§ﬁﬁ@%§ﬁ@ﬁ@&eqﬁ§@%d l@boxy%@é%ﬁa@%gﬁiﬂ&ﬁﬁgéiﬁﬁﬂo%roxynaphthaIene

2, 3- dih@ﬁg@xynaphthalene, 4- di hydr oxynapht hal ene,

2, 5-di hy ynapht hal ene, 2, 6- di hydr oxynapht hal ene,

2, 7- dlhydroxynaphthalene 2, 8-di hydroxynaphthal ene, allylated or

pol yal | yI deearding itoathisednient ivhe ﬂorlég&?/h@@ahie h{irisR y A pH T e neoxy atasii at ed
bi sphenol A. allylated bisphenol F, and allylated phenolic novol ak;

trihydrilgving two gheore eoed gr@p@hnaﬁtspin@lre@mlenmg@ltl@éf i tﬁpﬁ@n@éseﬁt 1ra¢veqiomk

o-cresol novolak m cresol novol ak P--cresol novol ak xyl enol novo ak

(2 K%?&%&Eﬁéﬁ@i’%ﬁ*@ﬂ‘@ﬁ rg@ﬁ?ﬁ&‘%&ﬁ@é%ﬁ““ﬂ%@@? | el reginsy Aguie s °
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2. 5ot e EoieRy SR EiRin oL oS RHtE, phirads nxquﬂéh?“eé{;ﬁ@l 2% esi n,

and phenal dlcyclopentadlene resin; and hamﬁgenated bIS henol s such as

t et r abr dricBiBPheAol baspeRelseFepaxy . besitrir hﬁefl.dhedjhﬁ riogyd) pleeny bre thenai xt ur e

of two kinds or nore. 9 [0022] The epoxy resin represented by general

formul a 4 4)-déleydesxyti phtwyr] 50 sl Péner model —ditedrexwtibhenyD wt Yldideror e, 4 df-t he

epoxy resin conposition. A conposition containing the resin in an anount
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4, 4 -dihydroxybiphenyl, 2, 2'-biphenol, hvdroquinone, resorcin,  catechol, {-
butylcatechol, t-butylhydroquinone, 1, 2-dihydroxynaphthalene, 1, 3
dihydroxynaphthalene, 1 4-dihydroxynaphthalene, 1, b-dihydroxynaphthalene, 1, 6-
dihydroxynaphthalene, 1 7-dihvdroxynaphthalene, 1, 8-dihydroxynaphthalene, 2 3-
dihvdroxynaphthalene, 2 4-dihydroxynaphthalene, 2 5-dihvdroxvnaphthalene, 2, 6-
dihydroxynaphthalene, 2, 7-dihvdroxynaphthalene, 2, 8-dihvdroxynaphthalene, allyvlated
or polyallylated derivatives of the foregoing dihvdroxynaphthalenes, allylated
bisphenol A allylated bisphenol F, and allylated phenolic movolak; trihvdric or
higher phenols such as phenol novolak bisphenol A novolak o-cresol novolak m-
cresol novolak p-cresol novolak xylenol novolak poly (o-hvdroxystyrene), trisé-
hydroxyphenyl) methane, 1, 1, 2, 2-tetrakis (-hydroxyphenyl) ethane,  fluoroglycinol,
pvrogallol, t-butylpyrogallol, allylated pyrogallol, polyallylated pyrogallol,
1, 2, 4-benzenetriol, 2, 3, 4-trihydroxybenzophenone, phenol aralkyl resin, naphthol
aralkyl resin, and pheno! dicyclopentadiene resin; and halogenated bisphenols such

as tetrabromobisphenol A These epoxy resins may be used singly or as a mixture of

two kinds or more.



The phenolic resins to be used in this invention contain 20 wt % or nore of
the diphenyl ether type phenolic resin represented by the aforenentioned
general fornula (2). This di phenyl ether type phenolic resin nornmally shows
a hydroxyl equivalent in the range of 100 to 5,000. An adequate value is
selected for the hydroxyl equival ent dependi ng upon the end use. For
éxanple,o@ﬁghenolic resin of low viscosity is required in nolding

appl i cat fromthe standpoint of allowing the use of a high proportion

of inorganpjc fillers and | the flow property. In this case, the
phenol i ¢ rB%iCROMe P BeFAPERFE gﬁ%gésh%ﬁ%ﬂra} SPl& @B s for ﬂw%@rd@ﬁmy n =
0 is used advantageously. It is to be noted that the phenolic resin here

i ncl udeprelepiadphedfolwi®ompownte, oroft hhec coppuncesior composition=  compogid e al
formula (2) as well and fromthe standpoint of providing |ow viscosity, the

cont ent c@ﬁta@hﬁl@hﬂmokesq@”momﬁmhﬁmﬁn fesQ BRAH tHis viefls! ﬁ‘ @eEER2t icl @ rwith @0612)) s

desirably 50 wt% or nore. Concretely, such bisphenol conpounds include 4,4

S vsrosicmiemy e fibai e phIPR) R 4 ¢ 0

preferab‘lg&1 [0024] Application to |am nated sheets requires properties such
as fornma Eﬁty into filmand flexibility and a high-nol ecul ar-wei ght
phenolic resin or the phenolic resin represented by general fornula (2)
wher ei n nihe iphensd &l rasiinantadecisedyin This fyehbion aoptainglll wid entmdirs ofr élieer abl y
in the range of 200-20, 000. [0025] For the synthesis of this
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(1) wherigiind 80 Mi€ BEAERAC ePhet' 118" BhéroY iV ebin®Bormal ly shows a hydroxyl
equivalent in the range of 100 to 5 000. An adequate value is selected for the
hydroxyl equivaient depending upon the end use. For example, a phenolic resin of
low viscosity is required in molding applications from the standpoint of allowing
the use of a high proportion of inorganic fillers and improving the flow property.
In this case, the phenolic resin represented by general formula (2} wherein
predominantly n = 0 1s used advantageously. It is to be noted thal the phenolic
resin here includes a bisphenol compound or the compound for which n = 0 in
general formula (2) as well and {rom the standpoint of providing low viscosity,
the content of bisphenol compounds @ = 0 and m = 1-3 in general formula (2))is
desirably 50 wi% or more. Concretely, such bisphenol compounds include 4, 4'-
dihvdroxydipheny!  ether, 1 4-bis d-hydroxyphenoxy) benzene, and 4 4'-bis @~
hydroxyphenoxy) dipheny] ether and 4 4’ dihvdroxydiphenyl ether is preferable.
[0024]

Application to laminated sheets requires properties such as formability into

film and flexibility and a high-molecular-weight phenolic resin or the phenolic

resin represented by general formula (2) wherein n=1 is used advantageously. The

10



excess of the bisphenol conpound represented by general forrmula (3). [00261
According to this invention, an epoxy resin conposition nmay contain
generally ]nown curing agents in addition to the essential phenolic resin
represented by general fornula (2). Such generally known curing agents are
based on am nes, acid anhydrides, phenolic conpounds, polynercaptans,

pol yami ngg ?Sequfvapéma@aweraw in heclgs: bEopyamales. They are
incorporated in a suitable anmount I n consideration of the kind of curing
agent usgﬁ%gnd the properties of nolded articles of thermally conductive
epoxy re [0027] The am ne-based curing agents conprise aliphatic

am nes, p r am n al.i.cycl nes, aromati ¢ _ani nes a
concrete ?ﬁ?\én{[ﬁ SS%B%SH &e&hb%llﬂﬁg‘mifgcﬂrwgﬁl %ﬁﬁﬁ | HesTGSAR | g

et hyl enedi am ne, 1, 3-di am nopropane, 1, 4-di am nopropane,

hexanet hepliesaddifamine, ())5- dipoxs hyésiexameinby| eorsdi trtehenf  the epoxy resin
trimet hyl hexamet hyl enedi am ne, di ethyl enetriam ne, im nobispropylamn ne,

bi s( hexwféaﬁﬁt%ﬂedyt één‘éi’fa n@@mmra ghhyheped %t £ qryRe red@bd %ﬁéhmim@ﬁemrtmme

pent aet enehexam ne, dr ox ethylethy enedi am ne, and

L1 ot hyl BE0) g E?féd)f)i%#ﬂﬁfgﬁ”@@b@@@ﬁ%&}{%ﬁﬁgﬁ%ﬁ?@@ﬁﬁﬁ@ﬁﬁm e el ude

dlethyleﬁﬁgﬂycolbls(propylanlne) pol yoxypr opyl enedi am ne, and 11
pol yoxyp | enetriam ne. The alicyclic am nes include isophoronedi am ne,
met hanedi am ne, N-am noet hyl pi perazi ne, bis(4-am no-3- nethyldlcyclohexyl)
met hane, fscerd(ngritootis hyiIVENGPR | aegpONE, Te3in COMPaS| { Bnamyhepriapy i genera] 1
10- tetraoxaspiro (5, 5) undecane, and norbornenedi am ne. The aromatic
am nes ilpeWld@ring agents in addition to the essential phenolic resin represented by
general formula (2. Such generally known curing agents are based on amines, acid
anhydrides, phenolic compounds, polymercaptans, polvaminoamides, isocvanates, and
blocked isocvanates. They are incorporated in a sultable amount in consideration
of the kind of curing agent used and the properties of molded articles of
thermallv conductive epoxy resins.
0027]
The amine-based curing agents comprise aliphatic amines, polvetherpolyamines,
alicyclic amines, and aromatic amines and concrete examples are listed below The

aliphatic amines include ethylenediamine, 1, 3-diaminopropane, 1, 4-diaminopropane,

hexamethylenediamine, 2, 5-dimethylhexamethylenediamine,
trimethylhexamethylenediamine, diethylenetriamine, iminobispropylamine,
bis hexamethylene) triamine, triethylenetetramine, tetraethylenepentamine,
pentaethylenehexamine, N-hydroxyethylethylenediamine, and
tetra hvdroxyethyl) ethylenediamine. The polvetherpolyamines include
triethyleneglycoldiamine, tetraethyleneglycoldiamine,

diethyleneglycolbis {(propylamine}, polvoxypropylenediamine, and

11



tetrachl oro- p- xyl enedi am ne, m xyl enedi am ne, p-xyl enedi am ne,

m phenyl enedi am ne, o0-phenyl enedi am ne, p-phenyl enedi am ne,

2, 4-di am noani sol e, 2, 4-tol uenedi am ne, 2, 4-di am nodi phenyl net hane, 4, 4
- di am nodi phenyl net hane, 4, 4' -diamno-1, 2- diphenylethane, 2,

4- di am nodi phenyl sul fone, 4, 4'-diam nodi phenyl sulfone, m am nophenol,

Y ' j di hylap 2- [ - byl g |,

ri ot haror SRS A RENe D T oI C R CanhEe R IREST R R ne ARG
-(p-am heny.l ) et hyl,am i.am nodi et ,hyl di net hyl dj | .net h d :
MR A T T e e B SN
curing agents based on acid anhydrides include dodecenyl succinjc_ anhydride,

pol yadi (18 {amenage §whyeye loexangol yazel ai ¢ aci d any8hbi s &-apiangrepylacs d, &d
anhydri de, poly(ethyl octadecanedi oic) anhydri de, poly bhenyl hexadecanedi oi c)

anhydr i de{rameispyto (6,63 uleyaheophahdahdrbomehsddanide, Tt hatofediehwdinep htihaluie
anhydri de, hexahydrophthalic anhydride, nethyl him c anhydride,

tetrahy i pide, i : tr i i ;
nethylcﬂ%?%ﬁggghgﬁ?@@r o@@'ﬁc an ¥§§§§%ﬁ@’n@?ﬁﬁ?@@@@@ﬁéxgﬁ@@@ﬁ%@%@?ﬁg%y|ic
di anhydrj de ht hal i ¢ anhydride .trinmellitic. anhydride, ,pyropellj.ti.c

ai anhyard e Babd Bl orerniy Se il oo dimfRa ol € . by B MEney G
bistrimellitate, HET anhydride, nadic, anhydride, nadic nmethyl _anhydride,

5- (2, 5-dfukatisediahgmnimetbaneur any )4 sdiamnogdipiendpetienexane-4 4 Aiamnezs boxyl i ¢
anhydride, 3, 4-dicarboxy-1, 2, 3,4-tetrahydro-I-naphthal enesuccinic acid 12

di anhydrdigleeny boibang; mefl, Wydiamiinodipbensy - Isulfone, 4. 4 -diaminodiphenyl sulfone, m-

2,3, 4-tetrahydro-1-napht hal enesuccinic acid dianhydride. [0029]
aminophenol, m-aminobenzylamine, benzyldimethylamine, 2-
(dime thylaminome thyl) phenol, triethanolamine,  methylbenzylamine, @ -m
aminophenyl) ethylamine, o - {(p-aminophenyl) e thylamine,
diaminodiethyldimethyldiphenylmethane,  and @ , @  -bis@-aminophenyl) p-
diisopropylbenzene.

10028]

Examples of the curing agents based on acid anhydrides include dodecenylsuccinic
anhydride, polvadipic acid anhydride polyazelaic acid anhydride, polysebacic acid
anhydride,  poly(ethyloctadecanedioic)  anhydride,  poly (phenylhexadecanedioic)
anhydride, methyltetrahydrophthalic anhydride, methylhexahydrophthalic anhydride,
hexahvdrophthalic anhydride, methyl himic anhydride, tetrahydrophthalic anhydride,
trialkvltetrahydrophthalic anhvdride, methylcvclohexenedicarboxylic — anhvdride,
methylcyclohexenetetracarboxylic  dianhvdride, phthalic anhvdride, trimellitic
anhvdride, pyromellitic dianhvdride, benzophenonetetracarboxylic —dianhydride,
ethvlene glycol bistrimellitate, IHET anhydride, nadic anhydride, nadic methyl
anhvdride, 5- (2, 5-dioxotetrahydro-3-furany!) -3-methyl-3-cyclohexane-1, 2-

dicarboxylic anhvdride, 3 4-dicarboxv-1, 2 3 4-tetrahydro-i-naphthalenesuccinic acid

12



Exanpl es of the phenolic curing agents include bisphenol A bisphenol F,
phenol novol ak bi sphenol A novol ak o-cresol novol ak, mcresol novol ak
p-cresol novol ak xyl enol novol ak pol y- p- hydr oxystyrene, resorcin, catechol,
t-butyl catechol, t- butyl hydroqui none, fluoroglycinol, pyrogallol,
L-butylpyrogallol al lyl at ed pyrogallol pol yal l yl ated pyrogallol, 1, 2,

4- benzengt r,i 3 - rih.d p roxyna hthal ne,
1. 3-di hyfﬁ @51515 Al ﬂ—gle h_,y,lji/lc ﬁ&ig ZQE Elg{dgq]—e}—naphﬁ?é?ene SHCeie Wi
1, 5- dlhydroxynaphthalene 1, 6- di hydr oxynapht hal ene, 1, 7-

dlhydro ﬁ@ﬁﬁ M@Iene 1, 8- di hydr oxynapht hal ene, 2,3-dihydroxynaphthalene,
2,4- dih roxynaphthalene 2, 5-di hydr oxynapht hal ene,

2, 6- dlhyéﬂﬂﬂynaphthalene 2, 7- di hydr oxynapht hal ene,

2, 8- di hydr oxynapht hal ene, aIIyIated or poyallylated derivatives of the

L;’rilgi‘y{‘gﬁﬁ‘ﬁ”ﬁ%?&yﬂ%‘@@% 8| ROBHINF A, ﬁﬁpyﬁi@?’ pRap! %@%ﬁﬁf‘érﬁ’rﬁﬂ isiliesid
2gent s T REBEols I@@ﬁ@pﬁﬁﬁp@?@% @m%@?ﬁo@&%o@%@(@%t Sresp Tblak " "
prefera re preferably 60 wt % or nore, V%en cont ent

b Qborrmre th
of this r@ﬁ@w& mevodalsi ol E@@maﬂelﬁa VESgICiThe C60ABBSI t i thé@ﬁté@h(ﬁﬁ tha | ow

degree of crystallinity and the thermal conductivity is not expected to

i npr ove. but Miwerogeinonevhent laoroghicimplage pyroga Het, t hixbutyieymobeliol.i ¢ aldsiated
represented by general fornula (2) is used the curing agent in question

br ef er abiytodidiola. Phenglyatlylwel oxylvas@lf r om tfve ashedncheetioy, of heat -

resi stance, noisture resistance, el ectrical Tnsulation. 13 [0031]

Accor di ngihirbihenzbiheRte! O, 2%1ﬁ§ﬂrbﬂ%ﬁ1tﬁé‘i%ﬂé?t ?'3-hiIRGRRMDn i &iiRr S (BY be
dihydroxynaphthalene, 1, 5-dihydroxynaphthalene, I, 6~dihydroxvnaphthalene, 1, 7~
dihvdroxynaphthalene, 1 8-dihvdroxynaphthalene, 2 3-dihvdroxvnaphthalene, 2 4~
dihvdroxynaphthalene, 2 5-dihvdroxynaphthalene, 2 6-dihvdroxynaphthalene, 2 7-
dihydroxynaphthalene, 2, 8-dihydroxynaphthalene,  allylated or  poyallylated
derivatives of the foregoing dihydroxynaphthalenes, allylated bisphenol A
allylated bisphenol F, allylated phenol novolak and allylated pyrogallol.

[0030)

The content of the phenolic resin represented by general formula (2 in the
entire curing agents incorporated in the epoxy resin composition is 20 wt% or
more, preferably 40 wt% or more, more preferably 60 wt¥% or more. When the content
of this phenolic resin is less than 20 wi% the composition cures with a low
degree of crystallinity and the thermal conductivily is not expected to improve.
Moreover, when a curing agent other than the phenolic resin. represented by general
fornula (2} is used the curing agent in question preferably has a phenolic
hydroxyl group from the standpoint of heat resistance, moisture resistance, and

electrical insulation
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incorporated in the epoxy resin conposition to inprove the thernmnal
conductivity of the cured article. Such inorganic fillers are chosen from
nmetals, metal oxides, netal nitrides, nmetal carbides, netal hydroxides, and
carbonaceous materials. The netals include silver, copper, gold, platinum
and zirconiun1 the nmetal oxides include silica, alum num oxide, magnesium
oxi de, &ﬁ i um oxi de, and tungsten trioxide; the netal nitrides include
boron ni alumnumnitride, and silicon nitride; the nmetal carbides

i ncl ude silicqn carbide; the netal hydr oxi des i nclude al um num hydr oxi de
and nagnes%pmfﬁﬁgzdrax.ha@ IBHDLORe @aPibioAbee UATHmOb: IS ol Lders JY bih
fibers, graphitized carbon fibers, natural graphite, synthetic graphite,
spheri cdhcgp@pﬂ’néd anpthet tEoNeSes e sames oo o cimprwvedte  Hermmincomluskerty oir bon
m crocoil, carbon nanocoil, carbon natotube, and carbon nanohorn. The

| nor ga”'tﬁe (flffrbdl Ar$idan Qﬁhaﬁi@kg@‘i’c aﬁllﬁéﬁv ol gRseR" ol 1814, Ogn?laqf oRiae €,

whi sker, They can be used sing y or as a mxture |nds or

for i he'ﬁﬁﬁaﬂ D0 il SRR S Qb ISR

relnfor0|ﬂﬁ t he |nterﬁace of the fiél . and i rOV|n%&t dlsp rsiility
of the fieL4l8r INqlades AilverneConRBY. g R fpilﬁtllé‘\lml aNG HSERd M dde pBtalr QHASS at” a
rate of 50 w% or nore, nore preferably at a rate of 70 ww% or nore. A |less
addi t i oninphdelusEdcamotalmminbm  oxide,ovisagnesium nodite tHéaniah oxidelucaridvitupgst¢rn033]
Any known curing accel erator nmay be added to the epoxy resin conposition of

this i reeiidon théSye i1k APMIdaUindlada S6RCH B ftleS AuMifaASEd rile, aMdnSBhicon

i mi dazol es, 14 phosphines, and Lewis acids. Concretely, the am nes include
terti ar%l?f‘i‘dé‘festhéth%rfal carbides include silicon carbide; the metal hydroxides include

aluminum hydroxide and magnesium hydroxide; and the carbonaceous materials inctude
carbon fibers, graphitized carbon fibers, natural graphite, synthetic graphite,
spherical graphite particles, mesocarbon microbeads, carbon whisker, carbon
microcoil, carbon nanocoil, carbon natotube, and carbon nanohorn. The inorganic
fillers can be applied as pulverized or in the form of sphere, whisker, or fiber.
They can be used singly or as a mixture of two kinds or more. An ordinary coupling
agent may be applied to the inorganic fillers for the purposes of improving the
wettability between the resin and filler, reinforcing the interface of the filler,
and improving the dispersibility of the filler.

10032]

The inorganic filler is incorporated perferably at a rate of 50 wi¥ or more,
more preferably at a rate of 70 wt% or more. A less addition produces not much
improvement in the thermal conductivity.

[0033]
Anv known curing accelerator may be added to the epoxy resin composition of this

invention Such known curing accelerators are based on amines, imidazoles,

14



as 1, 8-diazabicyclo (5, 4, 0) undecene-7, triethyl enedi am ne,
benzyl di net hyl am ne, triethanol am ne, di nethyl am noet hanol, and

t-ri s(di met hyl am nonet hyl ) phenol ; the i m dazol es include 2-nethyl imdazole,
2- phenyl i m dazol e, 2-phenyl -4- nethylim dazol e, and 2-heptadecyli m dazol e;

t he phosphi nes include tributyl phosphine, nethyldi phenyl phosphi ne,

tri phenyl phosphi ne, di phenyi phosphi ne, and phenyl phosphine; the Lew s acids
i ncl ude Dhesphénesubandi Lewisdaqifios Shnnvetetyt ethe aaminesSn€ kude eterbiarst arneushcas

t et r aphenyl phosphoni um t et raphenyl borate, tetraphenyl phosphoni um et hyl

tri phenykbon a88-diazabyt kit (5, ablitmiaebmsfhont et hvl @ied Bmitiey | b deadvdd e thylamine,

tetraphenyl borates such as 2-ethyl-4-nmethylim dazole tetraphenylborate and

N et hylpemlighafife ! ieRABhonak, the %?fﬁoﬁlr@@llsgfamfnﬁﬁe hGHEABI:  the

accelera I'S nor nal int e range o y melght per 100

oy : At ?Lfnﬁﬁ@éy " kTR lG o 5PR SR S S

standpoi nt. of inproving the flow propert durlng nDIdlng and t he adhesi on
of the dBhpdslidarnet o tand | eddhentadasy! isidamolener mpe ast PROSPBINEgoMeiRCludi | ude

C5 and C9 petroleumresins, styrenic resins, indene resins, indene-styrene

copol ynerigsiphssphinede nethgidiphemet phbsohdhe, ccupmhymlnhcrsplsmes dlm@mﬁhospmu@ar one

copol ymer resins, and indene- benzothlophene copolymer resins. The oligoners

are 2o i, 1R0LARS LY HENAP 0k 001 RREY SIBNIULA ook

epoxy resin furt | OW n ded to

(1 0oLy SRR O i S i r%Bﬁén?Pphosph&?f:uﬁsSa{é’traphenﬁb(r)r% grdants

tetraphenylphosphonium ethyltriphenvlborate, and tetrabutylphosphonium
tetrabutylborate and tetraphenylborates such as 2-ethyl-4-methylimidazole
tetraphenylborate and N-methylmorpholine tetraphenylborate. The addition of the
curing accelerator is normally made in the range of 0. 2-10 parts by weight per 100
parts by weight of epoxy resin

0034]

Furthermore, thermoplastic oligomers may be added to the epoxy resin composition
of this invention from the standpoint of improving the flow property during
molding and the adhesion of the composition to the lead frame. Such thermoplastic
oligomers include C5 and €9 petroleum resins, styrenic resins, indene resins,
indene-styrene copolvmer resins, indene-styrene—phenol copolymer resins, indene-
coumarone copolymer resins, and indene-benzothiophene copolymer resins. The
oligomers are added at a rate of 2-30 parts by weight per 100 parts by weight of
epoxy resin
[0035]

Still further, the following additives may be added to the epoxy resin

composition of this invention if necessary: fire retardants such as brominated

15



epoxy conpounds; nold rel ease agents such as carnauba wax and ester-based
waxes; coupling agents such as epoxysil anes, am nosil anes, ureidosil anes,
Vi nyl silanes, al kylsilanes, organic titanates, and al um num al cohol at es;
colorants such as carbon black; auxiliary fire retardants such as anti nony
trioxide; stress-reducing agents such as silicone oil; and |ubricants such

as hi gher_ fat aci ds d I lLts hereof . [ 0036]. .The epoxy: resin
conposi téDBW @MQOHP(le @Bn{%h&cﬁ&éé %ba@%&ﬂh@éa{ ﬁ%ﬁ‘ &&Qh?ﬁﬂgﬂ(ﬁﬁ%&g’f e

af or ement i oned conPonents such as epoxy resjns and curing agents. at a

speci fi PUPEIE 03CALS Wk edS, CRADEHIARGS. t RBINGS Kalkse URE1ApSIdARaSUCBIYEYIIERS. | i ke,
and cooling and grinding the kneaded nass. [00371 Alternatively, the epoxy
resin coatppksiiidnes) organbe totenalese dandsalamiwm rdlsohobytes dicodaranisnguahhas carbon

af orenmenti oned conponents in a solvent such as the following: an aronmatic

CO”DOU”%I%H&ha@ﬁIPﬂthﬁg?, rett&’ﬂddﬁtrsesu@hyh$rﬁﬁt ingﬁ‘.»d tfftikx‘i’rﬂéb§ﬂ%§§g‘ed®ixifg§ta§élﬁs such

as acetone, nethy ket one, nethyl 1sobuty et one, and cycl ohexanone:

oS XCERRLART SRR R, B e ST, U0 AT,

et her su&ﬁﬂgﬁ di et hyl ether, dioxane, tetrahydrofuran, and diethyl ene
gl ycol df yl ether; a polar conmpound such as NN di net hyl f or mam de,

N, N- di met hyl acet am de, dinmethyl sulfoxide, and N-nethyl pyrrolidone.

| mpr egnat(i0af) of fibrous fillers such as glass fibers, carbon fibers, and
aramd fibers with this varnish followed by drying for renoval of the

01925 5o, il amprstian ot (e mvavin o commated 7 oY,
mixing the aforementioned components such as epoxy resins and curing agents at a
specified ratio in a mixer, kneading the mixture in an extruder or the like and
cooling and grinding the kneaded mass.

[0037]

Alternatively, the epoxy resin composition may be obtained as a varnish by
dissolving the aforementioned componenis in a solvent such as the following: an
aromatic compound such as benzene, toluene, xvieme, and chlorobenzene; a ketone
such as acetone, methy! ethyl ketone, methyl isobutyl ketone, and cyclohexanone:
an aliphatic hydrocarbon such as hexane, butane, and methylcyclohexane; an alcohol
such as ethanol, isopropanol, butanol, and ethylene glycol; an ether such as
diethvl ether, dioxane, tetrahvdrofuran, and diethylene glycol dimethyl ether; a
polar compound such as N N-dimethylformamide, N N-dimethylacetamide, dimethyl
sulfoxide, and N-methylpyrrolidone. Impregnation of fibrous fillers such as glass
fibers, carbon fibers, and aramid fibers with this varnish followed by drying for
removal of the organic solvent vields a prepreg of the epoxv resin composition

[0038]

A cured article is obtained from the epoxy resin composition of this invention
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16 by a technique such as transfer nolding press nolding cast nol ding
injection nolding and extrusion nolding A technique such as vacuum pressing
i's used to cure the prepreg of the epoxy resin conmposition. [0039] The
cured article of this invention desirably shows crystallinity fromthe
standpoi nt of securing high thermal conductivity. The degree of

crystal kj.njt val 0 basi : u h or bed
during Iéi%&ﬁﬁggee%ﬁgﬁe% Lﬂg@%gqrf ﬂ%hﬂﬁ%l §?é$h@$%¢i§aﬂgﬁy@gﬂh%hgﬁi%gg ermc
peak in djffernetial thermal .. anaJjysis.is normally observed in.the range of
D50 250 b Ath XA DMIIE by BFEH A e 5 VRURORRESS 198y S iSed dab y
10 J/ g or nore, nost Ereferably 30 J/g _or nore, per unit weight of the
resin coupsohkenpeepesg biisthe eepoty resdnfeompesitiodn  endotherm of less than 5 J/ g
does not produce nmuch inprovenent in the thermal conductivity of the cured
article.|gfl9p endot herm here is the amount of heat absorbed determ ned by
wei ghi ng the specinen accurately to 10 ng or so and testing it in a stream

ci g : 10 and testing it re

Chermal - andi y@af "RORE) of TR Titin R8s Bonly spbve, ol LA pOrRC AR, o5,y
[ iti by th f ti d, .no] di t hod and the.ml d

oper at | SR Bb ik SHoH it GEETRRT SOREEHBENar M CFHEE il P68t BB0c

for a period in the range of 1 mnute to 20 hours. To raise the )
cryst al beravaluaded ohethe diases @f t thel amounthel daai absasbed duriog med tingrdef emmanddy
conducted at | ow tenperatures for a prolonged period of tine. The curing

t emper abyr @i fifsrept &l ethdriny] | malysds.r fige emdot Adiicl 8eak Oin @i ferpe Eiher dielriali n
the range of 120-160'0 while the curing tinme is preferably in the range of

10 analysis 1S normally observed in the range of 120-250 C and the endotherm 1s

preferably 5 J/g or more, more preferably 10 J/g or more, most preferably 30 I/g
or more, per unit weight of the resin components exclusive of the filler. An
endotherm of less than 5 J/g does not produce much improvement in the thermal
conductivity of the cured article. The endotherm here is the amount of heat
absorbed determined by weighing the specimen accurately to 10 mg or so and testing
it in a stream of nitrogne at a rate of temperature rise of 10 C/min in a
differential thermal analyzer.

[0040]

The cured article can be obtained from the epoxy resin composition by the
alorement joned molding method and the molding operation is normally conducted at a
temperature in the range of 80-250°C for a period in the range of 1 minute to 20
hours. To raise the crystallinity of the cured article the curing operation is
preferably conducted at low temperatures for a prolonged period of time The
curing temperature is preferably in the range of 100-180 *C, more preferably in
the range of 120-160 C while the curing time is preferably in the range of 10

minutes to 6 hours, more preferably in the range of 30 minutes to 3 hours.
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mnutes to 6 hours, nore preferably in the range of 30 mnutes to 3 hours.
17 Postcure after conpletion of the nolding helps to raise the crystallinity
still further. Normally, the tenperature for this postcure is in the range
of 130-2501 and the tine is in the range of 1-20 hours. However, it is
desirable to conduct the postcure at a tenperature |lower by 5-40 'C than

the peakp@iiit naftet conb ARG Y 1R, ARSI o LAi8E ol Bhysthfmy syt s

for atinme'in't € cured eépoxy resin

article pf ,this. invention .can be |amnated to base . erials qf gi ent
i na. TrrHiete NoTY ol 8 @RPAr2firs B oS b S P £ e Yl o s 1400 e
and include netallic foi]ls of copper, alum pum and stainless steel and
pol yrer i &drticetimg 43 sic e apss Qgt gl diowrs. pBowesRIopy | eise desigaliet {0 enduct

pol yacryl ate, pol ynet hacryl ate, polyethyl ene terephthal ate, pol ybutylene

t er epht hiheatpestoped yet hyl demeraabé hadwat e by | bed € crihan altheopeakereadothermic
pol yam des, polyim des, and pol ytetrafl uoroethylene. [0042] The epoxy

resin c L than i $p i ' [ r rii | hgh
thermal C odn ﬁ 3 EI{I?VP@I? rgégd ﬁ? od\?vyﬁﬁéeﬁrt?rg\ @%&%ﬁ s@g Eﬁéﬁ gfoah% nﬁglg pﬁﬂlq g@g {}gngeh of
encapsulg?hgr of sem conductor devices or to printed wiring boards, the
cured arti Ognhissipates heat highly efficiently and displays excell ent
di mrensiopal . stability. Brief Description of the Drawing [0043] Fig |l is a

chart of l§#Hferential thermal analysis of an epoxy resin cured

The cured epoxy resin article of this invention can be laminated to base
materials of different kind The base materials for lamination are available in
sheets and films and include metallic foils of copper, aluminum and stainless
steel and polymeric materials such as polvethylene, polypropylene, polystyrene,
polvacrylate,  polymethacrylate,  polyethylene  terephthalate,  polvbutylene
terephthalate, polvethylene naphthalate, liquid crystal polymers, polyamides,
polyimides, and polytetrafluoroethylene.

[0042]

The epoxy resin composition of this invention yields a cured article showing
high thermal conductivity and low thermal expansion and when applied to
encapsulation of semiconducior devices or to printed wiring boards, the cured
article dissipates heat highly efficiently and displays excellent dimensional

stability.
Brief Description of the Drawing

[0043]

Fig 1 is a chart of differential thermal analysis of an epoxy resin cured
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18 article. Preferred Enbodi nents of the Invention [00441 This invention
is described in nore detail below with reference to the acconpanying
exanpl es. Reference Exanple 1 To a solution of 1010g of 4,

4' - di hydr oxydi phenyl ether in 7000 g of epichlorohydrin was added 808 g of
a 48% aqueous sol ution of sodium hydroxide in drops at 60 C under reduced
pressur grf{ide approxi mately 120 nr Tgl over 4 hours. The water produced
during tﬁls time was renoved fromthe system by azeotropic distillation

wi th epichlorohydrin and the distilled epichlorohydrin was returned to the
system The reaction was continued for another hour after conpletion of the
dropw s I Ll : eaf tigr, -reaction mxture was filtered to renove

t he Sa?{@@ﬁ%@ﬁb&%@%@fé %ttﬁé Mﬁ@?%d’nand distilled to strip off the

epi chl orohydrin to give 1515 g of crude epoxy resin as a |light yellow
liquid The crude product showed an epoxy equivalent of 171 and a
hydrolyz®@hg chl orine content of 4500 ppm A solution of 1500 g of the epoxy
resin th btained in 6000 M of nethyl isobutyl ketone was prepared 76. 5
g of a 20% aqueous sol utign of sodi um hydroxi de was added to the sol ution,
and the rdBbt i biveniden all$ odesgrihedprisc @Bt afetaol dalow Fithhotpierencpoto the
conpletion of the reaction, the reaction mxture was filtered washed wth
wat er, aocbhnpanyimpeghmpiest he sol vent net hyl isobutyl ketone under reduced
pressure to give 1380 g of epoxy resin as a light yellow |liquid. The epoxy

resin g1, Epoxy resin A) showed an epoxy equival ent of 163, a
hydroly?ggﬁgﬂﬁlgmma% |

To a solution of 10i0g of 4 4 dihvdroxvdiphenyl ether in 7000 g of

epichlorohydrin was added 808 g of a 48% aqueous solution of sodium hydroxide in
drops at 60 C under reduced pressure (at approximately 120 mmHg over 4 hours.
The water produced during this time was removed from the sysiem by azeotropic
distillation with epichlorohvdrin and the distilled epichlorohydrin was returned to
the system The reaction was continued for another hour after completion of the
dropwise addition Thereafter, the reaction mixture was filtered to remove the
salt formed, washed with water, and distilled to strip off the epichlorohydrin to
give 1515 g of crude epoxv resin as a light vellow liquid The crude product
showed an epoxy eguivalent of 171 and a hydrolyzable chlorine content of 4500 ppm
A solution of 1500 g of the epoxy resin thus obtained in 6000 mi of methyl
isobutyl ketone was prepared 76.5 g of a 20% aqueous solution of sodium hydroxide
was added to the solution and the reaction was allowed to proceed at 80 °C for 2
hours. Upon completion of the reaction the reaction mixture was filtered washed
with water, and stripped of the solvent methyl isobutyl ketone under reduced
pressure to give 1380 g of epoxv resin as a light vellow liquid The epoxy resin

thus obtained @Epoxy resin A} showed an epoxy equivalent of 163, a hvdrolyzable
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chlorine content of 280 ppm a nelting point of 78-84 C, and a viscosity of
0.0062 Pa s at 150C. The nelting point was determ ned by the capillary
method at a rate of tenperature rise of 2 "C/mn [0045] Reference Exanple
2 A mxture of 163 g of the epoxy resin synthesized in Reference Exanple 1
and 25.3 g of 4, 4'-dihydroxydi phenyl ether was prepared by nelting the two

toget hegh|afine '&fiten(000 72000 o, 1 BIARY | AAERIT 8-SR AR of 4jddogi R v ure:

and the reaction was a to proceed I1n a stream of nitrogen

hours. | ati of I ] th tom m xt.yre lLowed to
ool i o POEFE e A0 Mok d! HBE gk G P lrhRE I R b i BL 2
crystalline apd solidified The %;Ln thus obtained (Epoxy resin B) showed
an” epoxd TaHLDL dEBRTadie Jgse o %%$ﬂﬂ%g point of 100-122 'C, a softening
point of 127t, and a viscosity of 0.037 Pa s at 150C. The resin analyzed
by GPC #lddved the following distribution of nin general formula (1) : n =
0, 42.5% n =2, 29.2% n =4, 17.6% and n > 6, 10.7% The viscosity was
det er m madrentd Fxinpge @ d of Rheomat 115 available from Contrabas Co., Ltd
and the softening point was determ ned by the ring and ball nmethod in

appar atust MEie b A8 LT oGRS RsIAT, P TRHSTeRE BBl 0 e e
C A LT B ehT 02 i o] Bl Felfr 3T
out as 150 el énae obentplcay hasing 365 agdal 10 htheepbotyre,r axd rtheymeabiisn zed i n
Ref erence Exanple 1 and 50.5 g of 4,4'-di hydroxydi phenyl
was allowed to proceed in a stream of nitrogen for 2 hours. Upon completion of the
reaction, the reaction mixture was allowed to cool to room temperature and the
product resin in the meantime became crystalline and solidified The resin thus
obtained ([Epoxy resin B} showed an epoxy equivalent of 261, a melting point of
100-122 C, a softening point of 127°C, and a viscosity of 0.037 Pa -s at 150°C.
The resin analyzed by GPC showed the following distribution of n in general
formla D:n=10 425; n=2 2925 n=4 17.6%, andn = 6 10.7% The
viscosity was determined with the aid of Rheomat 115 available from Contrabas Co.,
Ltd and the softening point was determined by the ring and ball method in
accordance with JIS K-6911. The GPC analvsis was conducted as follows: apparatus,
HLC-82A (available from Tosoh Corporation) equipped with three TSK-GEL2000 columns
and one TSK-GEL4000 colum f{both available from Tosoh Corporation); solvent,
tetrahydrofuran; flow rate, 1 ml/min; temperature, 38 C; detector, RL
[0046]
Reference Example 3
The reaction was carried out as in Reference Example 2 using 163 g of the epoxy

resin synthesized in Reference Example | and 50.5 g of 4 4" —dihvdroxvdiphenyl
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20 ether. After the reaction was over, the reaction mxture was allowed to
cool to roomtenperature and the resin in the neantine becane crystalline
and solidified The resin thus obtained (Epoxy resin C) showed an epoxy

equi val ent of 482, a nelting point of 145-1651, and a softening point of
1631. The resin was analyzed by GPC to show the follow ng distribution of n

" &b R e B ek TG rReTih nBflye M ol 1 B,

Iting 92. f th in .obtained in Ref Exanpl e.l. (E
st n'” Ajoons e ityr G A Yk i, pshe DEabE AL inG Ao UGS CLY | ng

agent A), and 1.5 g of triphenyl phosphine as a curing accel erator together
at 120 U[he Arestn ddws aghtatied dpoxhi ks dbrip o Shaweo namerpoxy beaii vadenitbpicddd ng at
120C for 2 hours. The cured conposition was then postcured by heating at

175t fomeM2ndoois ehd45-463%€d dndra sofeningt poiaf ofr [HI&T.t Ths reJhewsy amsyzed

transition tenperature and the |inear expansion coefficient were determ ned

with a b hermageghant cal AR ol flhufichabe 10'int BIRELRIMARIAT 86 0f 206/ m n

The nel t1ng  point an ermwere deternthed with a differentt al

t her mal lyzer, a .rate o nmpey atur I of 10°t/mn The results are
shown ilﬁlrﬁg.n 1.2' Tén?eel%hélrﬁ% g?c&fﬁgg@{ Pv%t@ %zgdeterm’ ned by the
nonst ati onary probe nethod using a disk, 50 nm in dianmeter and 3 nl in

t hi ckned847] 0048] Exanpl es 2-5 and Conparative Exanples 1-3 An epoxy resin
conposition was respectively prepared according to the fornula shown in
Tabl e 1Efamphe ¥i ng one of the epoxy resins obtained in Reference Exanpl es

An epoxy resin composition was prepared by melting 925 g of the epoxy resin
obtained in Reference Example ! (Epoxy resin A, 57.3 g of 4 4 —dihydroxvdiphenyl
ether as a curing agent (Curing agent A), and 1.5 g of triphenylphosphine as a
curing accelerator together at 120 C. A molded article of this composition was
obtained by curing at 120°C for 2 hours. The cured composition was then postcured
by heating at 175°C for 12 hours and tested for a variety of properties. The glass
transition temperature and the linear expansion coefficient were determined with a
thermomechanical analyzer at a rate ol temperature rise of 10°C/min The melting
point and the endotherm were determined with a differential thermal analyzer at a
rate of temperature rise of 10C/min The results are shown in Fig 1. The thermal
conductivity was determined by the nonstationary probe method using a disk 50 mm
in diameter and 3 mm in thickness.

[0048]
Examples 2-5 and Comparative Examples 1-3

An epoxy resin composition was respectively prepared according to the formula
shown in Table 1 by mixing one of the epoxy resins obtained in Reference Examples

1-3 Epoxy resins A, B, and () and a bisphenol A type epoxy resin (Epoxy resin D
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1-3 (Epoxy resins A R and C) and a bisphenol A type epoxy resin (Epoxy resin
D 21 or YD-8125 wth an epoxy equivalent of 174 available from Tohto Kasei
Co., Ltd) as an epoxy resin conponent, 14'-di hydroxydi phenyl ether (Curing
agent A) or phenol novolak (Curing agent B or PSM 4261 avail able from Gun
Ei Chem cal Industry Co., Ltd showi ng a hydroxyl equivalent of 103, a

Soft ent g BV it R, EornBlBR bt LR IR S BB ey B 7
ARl o SSBEY bt AT aBSSASHERT el PO 7
Exanple 1. The results are shown together in Table 1. d£§)049] 22 [ Tabl e 1]

[

Exanpl epienapacwtlak eCerdagpagent B ar PSH4260 avadlable Hyomybun ddi Ghemied. Imglustay 5 92.
7 9Z O Epoxy resin B 10& O Epoxy resin C 124 0 Epoxy resin D 95.0 94 5

Curin enttdA 59 . i infl t .65 55.9
Cur: ng gfgbellgtg'r a@gwm%%h?dﬁﬁga@vglqi%ﬁl@% 1%5@?%1 1@@@??&90?3&% a?hdrlg ( O

120 175,430, AR5 66H0 1501 RHTINGs A B ) agbn®- Snd thirhedy Bhckphine

as a curing accelerator. The composition was respectively cured and postcured
under the conditions shown in Table 1 and the cured article was tested for the
properties as in Example L

The results are shown together in Table L

[0049]
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Postcure tenperature (C) 175 150 175 175 175 175 175 175 Postcure tinme (h)
12 3 12 12 12 12 12 12 dass transition tenperature (C 94 92 105 119 123
X103) 44 5.6 43 42 5.4 6.4
X103) 2&6 1&3 245 21.7 19.6 17.8

126 118

&4 &G Ther nual

124 Ther nal

expansi on coefficient OT9 ,

expansi on coefficient (Cfg,

Jd&9 17.1 Peak endotherm c tenperature 179, 179, 179,
189*0 178 1 Endotherm (J/g) 40.1 5.7 45.3 52. 2 12.2 0 0 0O Specific
( Taple 1)

gravity

31 1.27 1.31

(Wm K) 0.54 0.38 0.62 0.74 0.43 q25 0.24 0.23

(C) 189'0 178 1890

1.34 1.32 1.24 1.22 1.20 Thermal

conductivity
*1) Two peaks were observed

23 What is clainmed is: 1. An epoxy resin conposition conprising epoxy resins
and curing agents whererm aj diphenyt—ether type epoxy resinm represented by
the folljow ng general fornmula (1) ~/ @aple CO O MmO tn Céﬂﬁ)aratmehﬁ(ﬁb@r is a
nunber gf > 0 and mis an i fiteger of 1-3; gccoumts foI 50 W% 0 of the
epoxy resins and a di phenyl | ethef type phernol yc | rgsi p represent ed3 by t he
foll ow ng general formula (2)
Epoxy resin A 925 | ®.5 271 %0
Epoxy resin B 108. 0
Epoxy resin C 124.0
Epoxy resin D 9.0 | M5
(uring agent A oT.3 | 57.3 | 4L8 | 260 | 40 05 1
Curing agent B 96 | 31 5.9
Curing accelerator 15 15 1.5 15 L5 L5 L5 L5
Curing temperature (°C) 120 175 130 150 150 150 150 150
Curing time (h) 2 0.5 | 1 ] 1 1 1
Postcure temperature (°C) 175 150 175 175 175 175 175 175
Postcure time (h) 12 3 12 12 12 12 12 i2
Glass transition temperature
(C) H 92 105 119 123 126 118 124
Thermal expansion coefficient
(<Tg, X10°) 44 56 | 43 | 42 54 6.4 6 4 6.6
Thermal expansion coefficient
OTg, x10°) 286 | 183 L M5 1 217 | 196 | 178 | 169 ) 171
Peak endothermic temperature | 179 179, 179,
{C) 189" | 178 | 189" ; 189" | 1T - ~ -
Endotherm (1/g) A1 57 | 43| 522 | 122 0 0 0
Specific gravity {g/ec) L3l | L2 | L3l L34 | 132 0 L4 | L2 | L20
Thermal conductivity
(Wm-K) 054 | 038 | 062 | 0.74 | 0043 | 025 | 024 | 023

¥]) Two peaks were observed
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HOOTff/ OCH -YOHnNn (2) whereinnis a nunber of > 0 and mis an integer
of 1-3; accounts for 20 wt % or nore of the curing agents. 2. An epoxy resin
“conposition as described in claim1l wherein the said conposition contains

50 Wt % or nore of inorganic fillers. 3. A cured article obtained by curing

L he epoxy resin conposition described in claiml1l or 2. 4 A cured article of
t he epQ%Xtﬁ?%ﬂﬂﬁ&ﬁ sition described in claim3 wherein the cured article
has a crystal s%ruc ure showi ng an endothermof 5 J/g or nore as determ ned

by differential ther.nal ana%ysis. 24 . . . .
1. epOXy resin compositron Comprising epoxy resins and curing agents wherein a

diphenyl ether type epoxy resin represented by the following general formula (1)

TOOGO%OEOQ_{O%O/—“

(1)
wherein n 1s a number of = 0 and m is an integer of 1-3;
accounts for 50 wt¥ or more of the epoxy resins and a diphenyl ether type phenolic

resin represented by the following general formula (2)

HOWO@HO OWOWOH
[ G ™ In (2)

wherein n is a mumber of = 0 and m iS an integer of 1-3;

accounts for 20 wt% or more of the curing agents.

2. An epoxy resin composition as described in claim 1 wherein the said
composition contains 50 wi¥% or more of inorganic fillers.

3. A cured article obtained by curing the epoxy resin composition described in
claim 1 or 2

4 A cured article of the epoxy resin composition described in claim 3 wherein
the cured article has a crystal structure showing an endotherm of 5 J/g or more as

determined by differential thermal analysis.
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