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"An epoxy-resin conpositfon and 'use t her eof sa
7/ "BACKGROUND OF THE | NVENTI ON . 1.Field of the invewtigQh g5 ﬁ%ig'

Lnvention relates to an epoxy-resin cogposition and i N fgrm Qq "
relates to an epoxy-resin conposition with adequat e peré dr C or
sealing a sem conductor integrated circuit, and further to a cured
product thereof and a sem conduct or devi ce where a sem conduct or
integrated circuit 10 is sealed with the epoxy_resin, 2. Description
of the Related ArtAn epoxy-resimy GOMRRFLRIRP 314 M3 (YhgrePfa | arge scale

I nt egrated circuit (LSI) is practically protected by a sealer for 15
elimnating nmal function due to dirt or dust in the outer . atnosphere,

heat, noisture or |ight. I recently shifted from

a netal or ceramic to a rggﬁggﬁgﬁgﬁaﬁ% Eﬁﬁ Bﬁgggﬁgoyéaling is mainly nmade

wi th an epo si_n. " Lflcally, in the light of bal ance between
.h?éﬁéglO%Zahep}8§§§§ﬂ8§,.there have been often used an

epoxy-gesin . Fh(ig et %‘é‘i@%‘eﬁ'ﬁ&a@x ?BSQ@'—ré@ihﬂe&ﬁ%@sE’dibﬂgarﬁﬂe“t?

in ~particulair a phenol-novolac type of~epOxy-resin conposition

conpri si ngpapahengh15eSird18ted €8 hYepBRYLresin composition with
adequate performance for sealing a semiconductor integrated
circuit, and further to a cured product thereof and a

semiconductor device where a semiconductor integrated circuit

10 is sealed with the epoxy resin.

2.Description of the Related Art
An integrated circuit (IC) or a large scale integrated
circuit (LSI) is practically protected by a sealer for
15 eliminating malfunction due to dirt or dust in the outer
atmosphere, heat, moisture or light. Such a sealer has been
recently shifted from a metal or ceramic to a resin, and at
present sealing is mainly made with an epoxy resin.
Specifically, in the light of balance between cost and physical
20 properties, there have been often used an epoxy-reéin
composition comprising a phenol resin as a curing agent; in
particular a phenocl-novolac type of epoxy-resin composition
comprising a phenol resin as a curing agent.
The resin composition has an excellent heat resistance
25 required especially for a sealer, but is less resistant to

moisture. To solve the problem, JP-B 47-15111 has disclosed



. as a side reactlon

The resin conposition has an excellent heat resistance 25 required

“especially for a sealer, but is less resistant to noi sture. To sol ve
the problem JP-B 47-15111 has di scl ose

2 a phenol. aral kyl resin where a nethylene bridge in a novol ac
resin is replaced with a xylylene bridge to reduce a hydroxy density
for inproving noisture resistance and flexibility. JP-B 62-28165 and

s % S e SRS 5, BBl 7t ©
fgﬁlt OW ng rzﬁ%&l st.angr_e,placlesat Wit %i rla S :}Jgtsldr% 1’ityure | netb%t hga?g ge air
and thus ndpe G 015 Hé&;ﬂ,ﬁ&;p@%mkg% 481028hELcanoR1gkibheEpL sture

when expos d re under so errng conditions

(2) there jmy Ry zlsglslsyaaacyﬁ-ﬂogypﬁzbsa%l R&kkOBughedled the MU BETRROMEN

urirng a curing process causes excessi ve

hydroxy griRsh idpdky §5Hid %@woicrséamer 1§eh?é€t&9e&9 deterioration of
noi sture resi stance and electric characteristics, as " well as

deterioration i rHEeERNyY-Hesin colipoSLt 8obhShhsSeslvellienthpegtesence of
epoxy- honopol ynmeri zati on and excessive phenol -resin parts other than
a desir ed gt omoistureeleastiidtamdel and flexibility, but has the

following drawbacks;
(1) it absorbs moisture in the outside air and thus may
10 be cracked due to explosive éasification of the moisture when
exposed to a high temperature under soldering conditions;
(2) there may partially occur homopolymerization'df an
epoxy monomer as a side reaction during a curing process which
causes excessive hydroxy groups in a resulting phenol resin,
iS leading to deterioration of moisture resistance and electric
characteristics, as well as deterioration in mechanical
characteristics due to the presence of epoxy-
homopolymerization and excessive phenol-resin parts other than
a desired epoxy-phenol resin network; and
20 (3) contamination with free ions, in particular halogen
ions may cause corrosion of metal parts in semiconductor or
electric leakage. |
Ionic impurities as described in.(3) may be controlled
by refining the epoxy resin; (1) and (2) may be controlled by
25 reformingtheresinandminimizingside reactions, respectively,

to allow the desired physical properties for an epoxy-resin



20 (3) contam nation with free ions, in particul ar hal ogen I ons

‘may cause corrosion of netal parts in sem conductor or electric

| eakage. lonic inpurities as described in (3) nay be controlled
by refining the epoxy resin; (1) and ( may be controlled by 25 reformng
the resin and mnimzing side reactions, respectively, to allow the

desi red physical properties for an epoxy-resi n I
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triaryl phosphi nés; ?phospnbni um chas raa oni um

b t r nm nes;
and a&‘*aggbfgéﬁ%%aﬁo%%%%‘%%&mn”@mt?éﬁ? fyst LEERMER SfiSHRIded
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. known that an im dazol e corrpound I's highly reactive, but tends to

cause shebﬂifa\»t%sn@ﬁdlprﬁd tPEE1 ylpndyyMumwraa;tesorand eading to the
problem (2). t he other hand, a phosphi ne does not cause such

a pr dﬂtej’aaﬂ@tﬂphm)puoaﬁmmbufayeé prmltiaﬁelber- tarplateantinesy aidl
may gradually cure the conpound at roomtenperature or even in 15 a
r ef ri ger atddrazakhioyte lmalcesnpdurdisf.f | Enl parbibelenpl ipeédaasles and
phosphines are often used for sealing a semiconductor. It is,
however,‘known that an imidazole compound is highly reactive,
10 but tends to cause. the above'-mentioned epoxy-
homopolymerization, leading to the problem (2).

On the other hand, a phosphine does not cause such a
problem, but may take a very long time for complete curing and
may gradually cure the compound at room temperature or even in

15 a refrigerator, which makes it difficult to be employed as a
curing catalyst.

Recently, a naphthol-resin type of curing agent has been
suggested, which exhibits high heat resistance and low
hygroscopicity. JP-A 7-206984 has, however, pointed out that

20 triphenylphosphine is easily oxidized, via naphthol as a curing
agent, into triphenylphosphine oxide, losing its catalytic
activity.

A sealer is reqﬁired to have low hygroscopicity, high heat
resistance and good mechanical properties, as well as generally

25 improved electric properties and crack resistance. Recent

significant integration in an electric or semiconductor device



curing catalyst. Recently, a naphthol-resin type of curing agent
‘has been suggest ed, which exhibits high heat resistance and | ow
hygroscopicity. JP-A 7-206984 has, howeyer, pointed out that 20
tri phenyl phosphine is easily oxidized, via naphthol as a curing agent,
into triphenyl phosphine oxide, losing its catalytic activity.
A sealer is required to have | ow hygroscopicity, high heat resi st ance
and good rﬁ@ﬁm&%mﬁ@ td&ﬁan?&b"fl é?gfegeﬂﬁﬁ.@h! ¥an’naintBiqVedse! ectric
properties and crack resi‘stance. ecen significant integration in an
~electric ] SQH&; [ 4
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properti essdiditoi8nsr acks under nore severe condi ti ons. A
vari ety of epoxy and phenol resins have been devel oped 5 to solve the
probl em whil e iATRERYERHNSf Epaiy aeEpReablNges8dfBl have bdks de®@iloped | e

. investi gated. SUMWARY OF THE | NVENTI ON
An obj Bct af sbiive the/prbbbem|, whil e imprdeementcor aey at¢eberdOingemienttor an
epoxy-resin conposition for sealing a sem conduct or whi ch has good

crack resilstsarbaen daitselse ninwesizigated.

SUMMARY OF THE INVENTION
An_‘object of this invention is to provide an accelerating
10 agent for an epoxy-resin coﬁposition for sealing a
semiconductor which has good crack resistance, causes no side
reactions and exhibits good curing properties as well as is quite
conveniently applied in practice, and to provide a cured product
and a semiconductor device which are obtained by employing the
15 agent.

We have intensely attempted to solve the above problems
and finally have found that a certain accelerating agent may
be used to solve the problems.

Specifically, this invention provides

20 (a) An epoxy-resin composition comprising (2) an at least
bifunctional epoxy compound and/or an at least bifunctional
epoxy resin, (B) a curihg agent, and (C) an accelerating agent,

the accelerating agent essentially containing a phosphine

oxide represented by general formula (1);



reactions and exhibits good curing properties as well as is quite

-conveniently applied in practice, and to provide a cured product and a
sem conduct or device which are obtain&l by enploying the 15 agent.

W have intensely attenpted to solve the above probl ens and finally
have found that a certain accelerating agent may be used to solve the
pr obl ens. Speci fi cal l thIS vent| n provides 20 (a)
An epoxy-resin conposition conprl hqﬂ %an at \ east bi functi onal
epoxy conpound and/or an at |eagt bif nctlonal epoxy resin, (B) a
curing agent, and (C) an accel dgrati ng agent R t he accel erating agent
essential ly containing a ghegplingN=p __pxrae repf esented by generl})
formula (1); 5 [err]

where Rl err] to Rlerr] all of |chrrélybe t]ﬁés me or not are

hydrogen, straight, branched or \cycli™.al kyl havf/ng 1 to 10 car bons or

. aryl or aralkyl having 6 to 10 carRens Rs 3(b) the epoxy-resin
corrpossltlon as described in (a) where 10 (B) the curing agent is an at

| east bifunctiopa henol comqund
px repR1 to R, rszpll of which may be the same or not are

hydrogen, straight, branched or cyclic alkyl having 1 to 10
carbons or aryl or aralkyl having 6 to 10 carbons;

(b) the epoxy~resin composition as described in (a) where

10 (B) the cu;:ing agent is an at least bifunctional phenol compound
and/or phenol resin;

(c) the epoxy-resin composition as described in (b) where
the at least bifunctional epoxy compound and/or epoxy resin is
selected from an epoxy resin derived from a

15 dihydroxynaphthalene represented by general formula (2), an
epoxy resin derived from a biphenol represented by general
formula (3), an epoxy resin derived from a novolac type of resin
represented by general formula .(4 ), @an epbxy resin derived from
a phenol aralkyl resin represented by general formula (5) and

20 an epoxy resin derived from a phenbl—dicyclopentadiene resin

represented by general formula (6);

0-CH (H—bas
25 CH. —CHCH.-0

\0/



and/ or phenol resin; (c) the epoxy-resin conposition as described
_in (b) where the at | east bifunctional epoxy conpound and/or epoxy
resinis sel ected froman epoxy rgesin derived froma 15

di hydr oxynapht hal ene represented by general formula (2), an epoxy
.resin derived froma bi phenol represented by general formula (3), an
epoxy resin derived froma novolac type of resin r epr esent ed by

general fornul agéééf%gﬁgﬁﬁf&y% %ﬁﬁﬁgéggél \ée"ﬂ’déﬁg ae'?o@g%beéye)lsgn B ved

resin represen?t

froma ph%ngl’-sl %El’ggt’antlgql_gn«i’rsgsbr} 2,7-15095%%@ ed6by general fornula

(6); wher e
the ring is substituted with 2, 3-epoxypropyl groups at 1, 5-, 1,6-,
1,7-, 2,6- or 2,7-Rgsitions  [Rgr]
s Gogiied @ @ O (8)
AuN N /0\
mz"CHmz CHz-QHCH: am‘"mz
10 (Ha s 3 (4)
n .
Rs Rs Re ’
0o -2, /ica,ca oo
15 -@—ma 2 &Iz—-@-% (5)
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Ron Rdn R
/0 <0\ /0
of b0 Gomn) o
20
(R (Rs)m Ri)n (6)
where R, all of which may be the same or not is hydrogen
25 or methyl; R, is hydrogen, methyl or ethyl; R, is halogen,

hydroxyl, straight, branched or cyclic alkyl having 1 to 10



where R err] all of which nmay be the sane or not is hydrogen 25 or
methyl; R err] is hydrogen, nmethyl or ethyl; R err] is hal ogen,
hydroxyl, straight, branched or cyclic alkyl having 1 to 10

7 . carbons, al koxy-having.1l to 10 carbons or phenyl;mis an integer

of O

to 3; and nis an integer of O to 100, provided that an average of nis O
to 15; pis an integer of 0 to 100, provided that an average of

carbons, alkoxy having 1 to 10 carbons or phényl; m is an integer

of 0 to 3; and n is an integer of 0 to 100, provided that an

average of n is 0 to 15;

p is an integer of 0 to 100, provided that an average of

p is 0 to 50; q is an integer of 0 to 50, provided that

average of g is 0 to 15;

(d) the epoxy-resin composition as described in (b) or

(c) where the at least bifunctional phenol compound and/or

phenol resin is selected froma novolac type of resin represented

by general formula (7), a phenol aralkyl resin represented by -

general formula (8), a phenol-dicyclopentadiene resin

represented by general formula (9) or a naphthol aralkyl resin

representeéd by general formula (10);
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.pis O0to50; gqis an integer of 0 to 50, provided that an average of q is
0 to 15; (d) the epoxy-resin conposition as described in (b) or (c)
where the at |east bifunctional phenol conpound and/or phenol resin is
selected froma novol ac type of resin represented by general formula (7),
‘a phenol aral kyl resin represented by general formula (8), a

phenol - di cycl opent adi ene resin represented by general fornmula (9) or a

napht hol aralkyl resin represented by general fornula (10); [err]

8 [err] wher e i s hydrogen, nethyl et hyl ;

Rierr] is X r ﬁ& of al kyl having
1to 10 g&gﬂboﬁ\‘ th 1T t1o) | ; mis an
integer 1 0 to"3; i ndi ca pgati Ny unit n i's an integer

of 0 to 100 mhose average is 0 to 15; and p indicating g rgpeating
unit munber is an integer of 0 to 100 whose average is 0 to 50;

where R, is hydrogen, methyl or ethyl; R, is halogen,

hydroxy, straight, branched or cyclic alkyl having 1 to 10
carbons, alkoxy having 1l to 10 carbohs or phenyl; mis an integer
10 of 0 to 3 n indicating a repeating unit number lS an integer
of 0 to 100 whose average is 0 to 15; and p indicating a repeating

unit number is an integer of 0 to 100 whose average is 0 to 50;

g is an integer of 0 to 50, provided that an average of
q is 0 to 15; provided when an average of repeating number is
15 zero, the formula represents a bisphenol compound or a

bisnaphthol compound;

(e) the epoxy-resin composition as described in any of.

(b) to (d) comprising (C) an organic and/or inorganic filler
15 in the range of 100 to 1500 pérts by weight per 100‘parts by
weight of (A)+(B); .

(f) An epoxy-resin cured product prepared by hea,t’ curing
of the epoxy~resin composition as described in (e).:

(g) A semiconductor device manufactured by sealing a

20 semiconductor integrated circuit using the epoxy-resin
composition as described in (e).

(h) An epoxy-resin composition comprising (A) an at least
bifunctional epoxy compound and/or epoxy resin, (B) a curing
agent and (C) an accelerating agent, whose time for 90 % of the

25 maximum torque during curing at 175 °C measured with a

curelastometer [t'c(90)] is 1 to S minutes and in which a ratio



g is an integer of 0 to 50, provided that an average of gis 0to 15;
provi ded when an average of. repeating nunber is 15 zero, the formul a

represents a bisphenol conmpound or a g bi snapht hol conpound;

(e) the epoxy-resin conposition as descrlbed in any of. (b) to (d)
conprising (C) an organic and/or inorganic filler 15 in the range of 100
to 1900 parts by weight per 100 parts by wei ght of (A)+(B)

f) A heat .curi of
Cpoxy- oo BEoSatoR X ish T A Ereb a8 1 87 e Rakifth' Edpgye ol €185 Hauct or
devi ce manyfagt yr ggd gysseallng a 20 sem conductor integrated circuit using
t he epoxy-resin nposition as described in (e). y (h? An

t r egst Uk al epoxy
cpony-1 i1 COMpS)! NGB bt CObeaRiEhohoRR! gpmcr sHAUEE! (5

accel erati 86m§9§§‘ing mj%ﬁ bE&a‘h‘iE gﬁ’d%an{ an?:.5.: ﬁli@r’l 0?]aﬂ'ére' ng

-curing at 175 [err] asured w t cur €l ast onet er 1 go
5 m nutes @8d 00tWII9YD Batesivy wei ht er 100 parts by wei ht of A)+(B).

of t'c(90) to atine fo? 10 &?%f t%e %QX|nun$%orquéy[t g( )]( )+ is 1.5
to 7.5. (J) Kn)epbxyegesin’ €6Gradgradifdt peep aireaesfméa&ﬂchhha)

conprising (C) an organic and/or inorganic filler 1n the range
100t 0 1900cfHathe bpumyghepdn &6fippaitiohyaei gbsetibéd+ih) (h) or (1).

(k) A semiconductor device manufactured by sealing a

semicon@yctor integrated circuit using the epoxy-resin
10 composition as described in‘(i).

An epoxy-resin composition according to this invention
can be used in those applications in which a conventional
epoxy-resin composition has been used, and may be used as a
sealer for a semiconductor to give a package better in crack

15 resistance than that from a conventional epoxy resin-phenol

resin cured product.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows curing behavior of an epoxy-resin

20 composition with a curelastometer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
This inventionstypically provides an epoxy-resin
composition comprising (A) an at least bifunctional €poxy
25 compound and/or an at least bifunctional epoxy resin, (B) a

curing agent, and (C) an accelerating agent,



. l east bifunctional

(j) An epoxy-resin cured product prepared by heat curing of the
-epoxy-resin conposition as described in (h) or (i). (k) A

sem conductor device nanufactured by sggling a sem conduct or
integrated circuit using the epoxy-resin 10 conposition as described in
(1). An epoxy-resin conposition according to this invention

can be used in those applications in which a conventi onal epoxy-resin

iti h b d, . d . I f. .
COMOst | G 83c D58V ERY 0Bl e RELLTRY B inigs FERCBRINE Bride, nac
f ' .R- I [ d duct .

M 2 VYL R R R BOGAR (1) oln SuEd produet |
oL a0 SBOLY. Y e Mheatasy BBl d Ul B S Renion
typical 'y éyéaﬂtcieaalgg APBIRSihe phosPHIRRSI AL GUPFdAlMEed Byan at

. oXy = 25 compound and/or an at |east bifunctional epoxy
; 88! n, 5( Blgeheral formule pUfRlo sdNde Eheddbeves Pribiemd iF0qNY), and (2)

the accel erating agent essentially containing a phosphi ne oxide
and provides excellent mechanical properties, especially
flexibility and heat resistance, and excellent crack resistance
and electric properties in comparison with a composition
comprisisxg a conventional imidazole or phosphine accelerating

10 agent. Furthermore, using tﬁe composition, a time taken for
complete cﬁring may be significantly reduced, which is a
practically prominent advantage.

An organic and/or an inorganic filler may be added to the
resin composition to give it very preferabie properties as a

15 sealer for a semiconductor integrated circuit, which has been
observed by the inventors for the first time.

In the phosphine oxide represented by general formula (1),
R, to R, all of which may be the same or not are hydrogen, straight,
branched or cyclic alkyl having 1 to 10 carbons or aryl or aralkyl

20 having 6 to 10 carbons.

Specifically, R, to R, may be selected from hydrogen;
alkyls such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, l-pentyl, 2-pentyl, 3-pentyl, 2-
methyl-l-butyl, isopentyl, tert-pentyl, 3-methyl-2-butyl,

25 neopentyl, n-hexyl, 4Fmethy1-2-pentyl, cyclopentyl,
cyclohexyl, 1l-heptyl, 3-heptyl, l-octyl, 2-octyl, 2-ethyl-



represented by general formula (1). The epoxy-resin conposition

of this invention essentially conprises the phosphi ne oxide .
represent ed by 5 general fornula (1x4to solve the above problems in (1)
and (2) and provi des excellent nechanical properties, especially
flexibility and heat resistance, and excellent crack resistance and
el ectric properties in conparison with a conposition conprising a

I E h ,
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_Lgvggﬁgﬁzdﬁﬁhnu|éﬁtiﬁbﬁérﬁ*efiﬁﬁbl metﬁ ] ajlgeﬁpahlch may be the sanme

or notsare hydr g@en phosiphiig oxide r@p&%%@eqr bSY generdllk¥brit@yhngij to 10
carbons or aryl or aralkyl 20 having 6 to 10 carbons.

Speci fi caldan, bE[ prepatedRberrdadtind praipiire oxyBHluificewith thraekyl s

such as nethyl, ethyl, n-propyl, isopropyl, n-butyl, sec- butyl,
tert-buty mola-rp@moﬁnt bﬁoelnlu;dq-ﬂ:ne(rmyéubs'a:ltuted net hybnd- boit ydli-
i sopentyl, tert-pentyl, 3-nethyl-2-butyl, 25 neopentyl, n-hexyl,

4- et hyl - §11|b§|¢t192IUt @nbthM$phoraneyacsl désceyibed JJmcptlyLKOSaﬂnEpt)dl. ’
1-octyl, Z ostuy ozf Senbral Chemistry of The USSR, 55, 1453 (1985).
10 The phosphine oxide represented by general formula (1)
is hygroscopic and therefore may have crystal water or contain
a small amount of water. It may, however, not be degenerated,
for example, hydrolysis or.adversely affect the objective of
this invention, due tomoisture absorption. For this invention,
15 it is practically preferable that the compound is dried.

In an epoxy-resin composition of this invention, (A) an
at least bifunctional epoxy compound and/or epoxy resin may
include any compound having two or more epoxy groups in one
molecule. Specifically, it may have epoxy groups formed by

20 oxidation of an olefin, glycidyl etherification of hydroxyl
groups, glycidyl amination of a primary or secondary amine or
glycidyl esterification of a carboxylic acid.

Compounds which may be subject to such epoxidation
include dihydroxybenzenes such as catechol, resorcine and

25 hydroquinone;

bisphenols such as 2,6-dihydroxynaphthalene, 2,2-



1-hexyl, nonyl and decyl; aryls and aral kyls such as phenyl, tol uyl,
‘benzyl, 1-phenylethyl and 2-phenyl ethyl; preferably al kyl s such as
met hyl , ethyl, n-propyl, |sopropyl n-PytyI and cycl ohexyl; nore
preferably nethyl and ethyl .” The phosphi ne oxi de represented by
general fornmula (1) can be prepared by reacting phosphorus
oxychloride with three nol ar amount of imno-tris(unsubstituted or

ﬁ“ﬁg.aﬁr &l%ﬁ‘*"hl’dmx% X% p@p%%@?j gﬁ @3331 %r%ébﬁ‘ésk“ ?5 1453
s hybr os NSRRI ilr)p?of(@“n&\?d%éa%%@ﬁ@??iﬁ&é e P, T
oxar 2?0“*%“04 plftielyl aee et Hihe |BYRHHenol ) s pASIA 3? e this
. practi cal | HRARHEN A A R ephentTl ), BagE O B TS

epoxy- kesify HUBArl gﬂifﬂa ipigqau on, (A) an at | east
blfuncu<3%¥ epoxy cgﬁgound and/or gpoxy resin my i ncl ude any
conpound hepd Rgkypenyl )iidthydRYel olieXap® | Biena - mol ecul e.

Specifically, it may have epoxy groups f or med by 20 oxidation of an

ol efin, glmedtystypHdrayl )netdyildenziensy,digXy -dihydremyliphegiylc) dy)4 aai nati on

of a primary or secondary am ne or glycidyl esterification of a
car boxyl i didgrdroxy-2,2',6, 6 'chgtoamdt hyflbipheny lhe 4s4dj-ect to such
epoxi dati on I ncl ude dlhydroxybenzenes such as catechol, resorcine and

dlhydroxydlphenyl ether, 6,6 -dihydroxy-3,3,3',3"'-
10 tetramethyl-1, 1-sp1rob11ndane and 1,3,3-trimethyl-1- (4—
hydroxyphenyl)~1-indan-6-0l;
oligophenols such as tetraphenylolethane and
naphthol-cresol resol condensate;
phenol resins such ag a phenol novolac represented by
15 general formula (7), a residual moiety after removing the
bisphenol from the novolac (at least triphenol; referred to as
"VR"), a phenol aralkyl represented by general formula (8), a
naphthol aralkyl represented by general formula (10), and a
phenol-dicyclopentadiene copolymer resin (DPR resin)
20 represented by general formula (9);
aliphatic and aromatic amines such as ethylenediamine,
propylenediamine, hexamethylenediamine, aniline, 4,4'-
diaminophenylmethane (MDA), 4,4'-diaminodiphenyl ether,
4,4'-diaminodiphenylsulfone, 2,2-bis(4,4'-
25 diaminophenyl)propane, m-xylylenediamine, p-xylylenediamine,

1,2-diaminocyclohexane and an aniline aralkyl resin



25 hydr oqui none; bi sphenol s such as 2, 6-di hydr oxynapht hal ene,
.2, 2- 12

bi s(4- hydr oxyphenyl ) pr opane (bi sphenol13A), 2-(3-
hydr oxyphenyl ) - 2- (4' - hydr oxyphenyl ) pr opane, bi s(4-

hydr oxyphenyl ) met hane (bi sphenol F), bis(4- hydr oxyphenyl ) sul f one
-(bi sphenol S), bis(4- 5 hydroxyphenyl )sul fide, bis(4-

hydr oxy phepHes@itad B?’Qjéﬂ&)@n?orﬂhi@f( 11) (trual psmebemAdliset Rytbgnzene,
4, 4" - di hydr oxybi pheny hydr oxy-2, 2', 6, 6 -tetranethylblphenyl

4,4' - Cheshilmyadr @niediyghenyl et her, 6,6 - dlhydroxy 3,3,3,3- 10
tetranethyl -1, 1- spi robi i ndane and 1,3,3 trinmethyl-1-(4-

hydr oxyphenyl ) - 1-i ndan- 6- ol ; ol i gophenol s such as

t et raphenyl ol Bizhane and naphMho! - cresol resol confipsate;

as a phenol nagyol ag represented by 15 general formula

i§ﬁ¥6 éage h%H ;ag éfl;he novol ac

phenol resin
(7), a resi

(at |®ast t
represente gener al rmul a a“n’ napfithol ofe kyI represented by
general fo la (10), and a phenol dlcyclopentqplene copol ynmer resin

(DPR resin 20 represented by beneral formula (9);

where R,, is hydrogen or straight, branched or cyclic alkyl

having 1 to 9 carbons; and n' indicating a repeating unit number

10 1is 0 to 56 whose average is 0 to 15, provided when an average
of n' as a repeating unit number is zero, the formula represents
a bisaniline compound; .

aminophenols such as m-aminophenol, p-aminophenol, 2-
(4~aminophenyl)-2-(4'-hydroxyphenyl)propane and 4-

15 aminophenyl-4-hydroxyphenyl )methane;

carboxylic acids such as phthalic acid, isophthalic acid,
terephthalic acid, tetrahydrophthalic acid, hexahydrophthalic
acid, dimer acid and 1,3-dicarboxycyclohexane; and

hydroxycarboxylic acids such as salicylic acid and 4-

20 hydroxybenzoic acid.

Such compounds having an active hydrogen may be
glycidylated by a known process. It may be common to react a
compound with an epichlorohydrin in the presence of a hydrogeﬁ
halide acceptor. It is well known that a glycidyl ester may

25 Dbe prepared preferably by reacting methyl carboxylate with

glycidol using a metal catalyst, in particular a thallium



aliphatic and aromatic am nes such as ethyl enedi am ne,

propyl enedi am ne, hexanet hyl enedi am ne, aniline, 4,4"-

di am nophenyl et hane ( MDA), 4,4'-diani@§d|phenyl et her,

4, 4' - di am nodi phenyl sul fone, 2,2-bis(4,4'- 25 diam nophenyl)propane,

m xyl yl enedi am ne, p-xylyl enedi am ne, 1, 2-di am nocycl ohexane and an
aniline aral kyl resin 13

o cal 1 sl REdchfun 2L | ahk FLBEGREL 7 KL hyarogen or
[ anc [ I i . 1.1tqQ 9 carbons:, and n'

hdi cati hg o renrionie el for, 2 et gk, A BT 0 to

oy Prov Setkabes 60 RIS infintlor nASPen Mok ldy WilRIQLS zero

such as MeUyEDHFE N herfls JEFIVURRE 2o 2- phenol Eé%%é?aﬂg hﬁﬂd{’/ %; ﬁ%é%nol

- - hydr oxyphenyl ) propane and 4- 15 am nopheny ydr oxyphen ane; .
carboxgl | créginlp Spedh BcPall ephif rdsitPidiaived aEtdh a terephthalic

acid, tetrahydrophthalic acid, hexahydrophthalic
dihydroxynaphthalene represented by general formula (2), an
epoxy resin derived from a biphenol represented by general
formula (3), an epoxy resin derived from a phenol novolac resin
represen::ed by general formula (4), an epoxy resin derived from
10 a phenol aralkyl resin represented by general formula (5) and
an epoxy resin derived from a phenol-dicyclopentadiene resin
represented by general formula (6).
In an epoxy-resin composition of this invention, (B)a
curing agent has two or more active hydrogens which react with
15 an epoxy group. Such a curing agent may include the above
compounds for an epoxy resin; preferably phenols and phenol
resins; more preferably a phenol novolac resin represented by
general formula (7),
a phenol aralkyl resin represented by general formula (8), a
20 phenol-dicyclopentadiene resin represented by general formula
(9) and a naphthol aralkyl resin i'epresented by general formula
(10).
These phenol resins may be prepared as follows.
A novolac resin may be prepared by a common process,
25 specifically by reacting a phenol compound with formaldehyde

(usually, formalin) in the presence of an acid catalyst.



acid, dinmer acid and 1, 3-di car boxycycl ohexane; and _
hydr oxycar boxyl i ¢ acids such as salicylic acid and 4- 20 hydroxybenzoic

aci d. Such conpounds having g@p active hydrogen may be
glycidyl ated by a known process. It nay be common to react a conmpound
wi th an epichlorohydrin in the presence of a hydrogen hal i de acceptor.

I't is well known that a glycidyl ester may 25 be prepared preferably by
o o o PR U A0l ddea incBld'Sindt) BLALEE) w2 Pa0Y, 11
cear ors f & arasoly oINSt T CLEYABhEROL ang poephvARTERELT ©

phenol  compound SR ar - shaady 1 EFEHeR may be ft o3 b Ut 8 & KEga1™ @

derived fresmpgound with lairOynepDt RaL 288, ' sPAERGA! %‘icBl&erBgr Eltsforrrul a

-(2), an epoxy resin derived froma bipheno represente y gener al

formil 3 (JerraDaxy Phend1Esih Ve mayobe asklienfd1 7y phefio1€dlbresol,
represented by general formula (4), an epoxy resin derived from 10 a

phenol ar ahkytesal) rp+@msskeNtecetly Dshenel , f ALsvhglphenang p- an epoxy
resin derived froma phenol -di cycl opent adi ene resin represent ed by

general f cethykpkeol, p-n-propylpheneolgppxysopsopyldpheasilii prnof this
inventi(ﬂhbéé?f;henol, p-sec-butylphenol, p-tert-butylphenol,
octylphegol, nonylphenol, p-cyclohexylphenol, 2,4-xylenol,
10 2,6-xylenol,4,6—xylenol,3,5;xylenol,2,4,6-trimethylphenol,
guaiacol(2-methoxyphenol),3-methoxyphepol,4-méthoxyphenol,
o-phenylphenol, m-phenylphenol, p-phenylphenol, o-
chlorophenol, m-chlorophencl, p-chlorophenol, o-fluorophenol,
m-fluorophenol, p-fluorophenol, o-iodophenol, m-iodophenol,
15 p-iodophenol, o-bromophenol, m-bromophenol, p-bromophenol,
resorcine (m-dihydroxybenzene), hydroquinone (p-
dihydroxybenzene) and catechol (o-dihydroxybenzene).
These phenols may be used alone or in combination of two
or more. |
20 Aralkyl compounds which may be subject to reaction with
a phenol compound include a,a'-dihalogenoxylenes such as
a,a'-dichloro-p-xylene, «,a'-dichloro-m-xylene, o,a'-
dichloro-o-xylene, «,a'-dibromo-p-xylene, a,a'-dibromo-m-
xXylene and a,a'-dibromo-o-xylene;
25 xylyleneglycols such as a,a'-dihydroxy-p-xylene,

a,o'-dihydroxy-m-xylene and o,a'-dihydroxy-o-xylene; and



curing agent has two or nore active hydrogens which react with 15 an
-epoxy group. Such a curing agent may include the above conpounds for
an epoxy resin; preferably phenols and,;phenol resins; nore preferably
a phenol novol ac resin represented by general formula (7), a
phenol aral kyl resin represented by general fornmula (8), a 20

phenol - di cycl opent adi ene resin represented by general fornula (9) and

a naphthol aralk I re nt ed b eneral fo

Thesg phenol re rfi’sﬁ% ’B‘F’@é‘g TP a% cf:frrn”et%oxy R r%'(aﬂl%%c r ﬁSI nI
may be prepare 1410]4 reacti ng a pheno
conmpound vﬂp’t ddo"&{nea w%ﬁgﬁ‘%ﬁsu’éf orma’H ?Jhylﬁe S?e&sence of an

acid catal 1 Phenol s
: -diethoxy-m-xylene iethoxy-
whi ch may etur*soe ’%]aee p‘heno(?t J'crec')s myc esol , el p-cr soI

o- et hyl pheqgly 1éﬁ§t @W%r@;{i& ) Méﬁ@n% a' -d ropoxy-ﬁl-ﬁfﬁr&{e aral kyl

- resin may be prepare by react phenol ound "wi t h "an aralkyl

hal i deg arg) &kyld B EShkyO6-k§Bene P aﬂ@fid@iéé’@ro?&w Sy Mdne) apyr be used

i ncl ude phenol, o- creség m cresol, p-creso o- et hyl phenol
m et hyl phﬁiﬂsoﬂropoxy-lﬁliyimﬁcﬁ awmﬁmﬂgﬁquﬁempwpﬂphenol ,

p- n- butyl phenol, p-sec-butyl phenol, p-tert-butyl phenol,

oct yl phenali-teryHpheoo) - pixeleEneh axyd phaidt er 2 blrboptyemeixylene,
a,o'-di-tert-butoxy-o-xylene, «,a'-di-n-butoxy-p-xylene,
a,a'—dify-butoxy-m-xylene and a,a'-di-n-butoxy-o-xylene.

10 A desired phenol aralkyi resin may be prepared by reacting
any of the above phenols with one or more of the aralkyl halides,
aralkyl alcohols and their derivatives.

A phenol-dicyclopentadiene resin may be prepared by
reacting a phenol compound with dicyclopentadiene. Phenols

15 which may be used are the same as described for a phenol aralkyl
resin.

A naphthol éralkyl resin may be prepared by reacting a-
or f-naphthol with any of the alkyl halides, aralkyl alcohols
and their derivatives.

20 Aresin composition comprising an epoxy resin and a curing
agent which have an amine and/or a carboxylic acid moiety in
their backbone is generally hygroscopic and thus is used
especially when a particular physical property including heat
resistance is required.

25 In an epoxy-resin composition of this invention, a mix

proportion of (A)an epoxy resin / (B) a curing agent may be



10 ‘ 2, 6-xylenol, 4,6-xylenol, 3,5-xylenol, 2,4,6-trinmethyl phenol,
guai acol (2-net hoxyphenol), 3-nethoxyphenol, 4-nethoxyphenol,

o- phenyl phenol , m phenyl phenol , p- phenyll70henol , O- chl or ophenol ,
m chl or ophenol , p-chl orophenol, o-fl uorophenol, ~ mfluorophenol,
p-fluorophenol, o-iodophenol, miodophenol, 15 p-iodophenol,

o- br onophenol , m br onophenol, p-bronophenol, resorci ne

' ' 3 di h b d t echol
(o i yar oBunaREEACkuch EhaE LRERG, Lo 0,5 tolﬁg;l- bEILTA d"d*rv\?ﬁ hmay b
[ [ [ onpoun
by eos t cBreebtBiy 0.1% 1% SqyAhencs o 43EYe EGEROYANS 0'GAT

a, a' - di hal ggg{ggﬂgyl eﬂf‘éj_zs%ﬂ;.‘(i‘_’i‘r%lent 5?32%@%§2&5§ﬁ%¥$§f§’adjusted to

DOYODYDY»ODOYDYDL®»ODOD

,a -dichl xyl ene, a,

,a' - di broppopi 4yl 8p€ima apnyh ’ i eXYbENE 2Bdulting cured

,a' -dibr oﬁrrg?g}agl ggg?mé‘lz?hﬂéi’éé’%% 2%53?%&0?355& as g

, a' - dishydppasguet Xyl ene, a, a' -di hydroxy- m xyl ene and

, a' -di hydr oxy-o-xyl ene; and _ 16
,a' -di al koxyxyl Enen éwiﬂyaﬁe@im'co@hﬁ&timbyr O£ 0H BN envention, an epoxy

, @' -di met hoxy-mxyl ene, a,a’-dinmethoxy-o-xylene, a,a'-

i et hoxy- pregiener euminglisjdmxymay bd ased aldnaliodt Hexyombinatioty lame,
,a' -di propoxy-p-xyl ene, aa'-dipropoxy-mxyl ene, 5

,a -dipro yob-R9¥ene, a, a' -diisopropoxy-p-xylene, a,a -

In an epoxy-resin composition of this invention,

10 phosphine oxide compound, as‘an essential accelerating agent
component, may be containéd preferably in a proportion of 0.001
to 25 wt% (0.001 to 25 g/100 g), more preferably 0.01 to 15 wt%,
most preferably 0.1 to 5 wt% to the entire epoxy-resin
composition (the total of the resin components, i.e., the epoxy

15 resin and the curing agent). It corresponds to a molar
equivalent of preferably 1.5 x 10~ to 4.5 x 10? mol/100 g, more )
preferably 1.5 x 10~° to 2.5 x 10 mol/100 g, most preferably
1.5 x 10 to 1.0 x 10 mol/100 g.

In an epoxy-resin composition of this invention, the

20 phosphine oxide derivative may be used with a common well-known
accelerating agent including imidazoles such as 2-
methylimidazole, phosphines such as triphenylphosphine,
tertiary amines such as triethylamine and diazabicyclo
compounds such as 1,8-diazabicyclo(§,4,0)undec—7-ene in an

25 amount of 0.5 to 500 wt% (5-fold weight) to the phosphine oxide,

as long as it does not adversely affect the effects of this



diiéopropoxy-n}xylene, a, a' -diisopropoxy-o-xylene, a, a' -

di -tert-butoxy-p-xylene, a,a' -di-tert-butoxy-mxyl ene, a,
a-di-tert-butoxy-o-xylene, a,a -di-n-b %xy-p-xylene, a, a' _

-di - n-but oxy-m xyl ene and a,a' -di-n-b Xy-o-xyl ene. 10 A desired
phenol aral kyl resin may be prepared by reacting any of the above
phenols with one or nore of the aral kyl halides, aral kyl al cohol s and
t heir derivyatives. A phenol - di cycl opent adi ene resin may be

prepar ed by?VeRtiPBacting a phenol conpound with di cycl opentadi ene. Phenol s
Fesin T P ¥R R kI r R IR  SomPaE LB, oF et BiapAPUATL ORenthi ng a-

thelr dor CEBRBEE ¥hbfoR M lngrGal VLR Y S AL S M de) aoin
and @ CUr| 16 necesgdeyl Yiih " AL AR aNGhil 2 RGN A Ll e

-in therr I S gener ygroscogdi S

especi & | ypubanag é’@@ail%':!'lzigér @%@nﬁ?gn&h@ﬁ%&i ¥iiceﬁ!i.ﬂ(,ji LY r@agﬁileés %rgfbltyhi S

resi stance i s required. N epoxy-resin’conp

i nvention, canthXn an orgaAlerdnd/bPhn( fﬂ@ﬁgsﬂféhﬁ%}?fﬂf&( ﬁﬁpf%&ﬁé rigsageﬂt
may be _ adj usted suc
that theremeshahiBa® peopebtedsi ¥aliesYErall cost reduction, and a
coloring agent such as carbon black for preventing malfunction
due to light. In addition, it may preferably contain a mold

10 release, a coupling agent aﬂd a flame retardant.

The amount of the organic and/or inprganic'filler'may'be
100 to 1900 parts by weight, preferably at least 250 parts by
weight, more preférably at least 550 parts per 100 parts by
weight of (A)+(B).

15 Organic and/or inorganic fillers which may be used
include powders such as silica, alumina, silicon nitride,
silicon carbide, talc, calcium silicate, calcium carbonate,.
mica, clay and titanium white; and fibers such as glass fiber,
carbon fiber and aramid fiber. Among these, suitable fillers

20 for a sealer are crystal silica and/or fused silica, which are
preferably sphere or a mixture of sphere and amorphous in the
light of their fluidity duringmolding of the resin composition.

Furthermore, it is preferable to add a variety of
additives in the light of mechanical strength and heat

25 resistance. For example, it may be preferable to use a coupling

agent for improving adhesiveness of a resin to an inorganic



. nmol /100 g, nost pre

préferably 0.7 to 1.3 equivalents of active hydrogens to epoxy

.groups. Their equivalent ratio nay be preferably adjusted to provi de
opti mal physical properties of a resul t4igng cured 5 product.

I n an epoxy-resin conmposition of this invention, an epoxy resin or
curing agent may be used al one or in conbination of two or nore.

In an epoxy-resin conposition of this invention, 10 phosphine oxide
cont ai ned BrEFERARGEH A FOTBLHG | B4°0F BaBone 2 s113R83cERtangBE001 o0 25
o6 Lot h RRE TR B Riass Hind facs ot ing agefPrp-BeBrbEY 4 al1pakl’”
cor T espongotnting st Bho iRl LRYULARE CRpTENaIEn s paling 2
10[err] m%dﬁ%%&éha%fgéﬁﬂg caﬁﬁﬁ%@ragl¥e§c§i?glgheEgb§§28%o§p¥ 10[err]

.5 x 10[err] "to 1. [err] nol /100 g.

I n an gpoxy-resigh&iPRsiddwdl fig t&géntHVERLERMay"Be d8edPhn&phiae oxide
derivative may be used with a common well-known accel erati ng agent

i ncl udi ng v iAo st Kowys BFare, vinyleihethek¢aiohee,pagphi nes such as
tri phenyl phosphi ne, tertiary amnes such as triethylam ne and

di azabi cycdntinometlgghpaBrainisophopelim8tiiydzdimeyhbaysidanpynie¢24-ene in

an 25 amount of 0.5 to 500 wt % (5-fold weight) to the phosphi ne oxide,

as | ong asaninassyhpi3-cavineetepyl ferimehborybédapneqf 3+hndnopropyl-
trietho§ysilane, 3-anilinopropyl-~triethoxysilane, 3-

10 glycidoxypropyl-trimethoxysilane, 3-glycidoxypropyl-methyl-
dimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl-
trimethoxysilane, 3-methacryloxypropyl-trimethoxysilane and
3-mercaptopropyl—tfimethoxysilane.

These may be used alone or in combination of two or more.

15 Such a coupling agent is preferably pre—immobilized on the

surface of the inorganic filler via adsorption or reaction.

This invention also provides an epoxy-resin composition
comprising (A) an at least bifunctional epoxy-compound or epoxy
resin, (B) a curing agent and (C) an accelerating agent, inwhich

20 t'c(90) is 1 to 5 min and t'c(90)/t’c(10) is 1.5 to 7.5 wherein
t'’c(10) and t'c(90) are times for 10 % and 90 % of the maximum
torque determined by measuring the curing behavior of the
epoxy-resin composition with a curelastometer at 175 °C,
respectively. Preferably, t'c(90) is 1 to 3 min and

25 t'c(90)/t’c(10)is1.5to06.5. Figure 1 shows the curingbehavior

of the above epoxy-resin composition measured with a



18 I nventi on. In an epoxy-resin conposition of this

‘i nvention, an ' organic and/or an inorganic filler or other additive
may be, i f necessary, added. In particular, when the conposition is
5 wused as a sealer for a sem conductor circuit, it may desirably

contain an organic and/or an inorganic filler for inproving its

mechani cal properties and overall cost reduction, and a col oring
agent such,a ck for _preventi | f |0 o light.
In additi och‘fr's elfﬁrr‘gcg&%‘?% er aIftﬂ 3}) Ig‘oesﬁ/'airan ta%qr dblé%&lr_selr%eoaéexiadég Lcigtt}{ol I ng agent

and a fla R t h '

I nor gani c%#f%%%?kgg a certaig(}' ]fnog%%glaggrstg%%/ &E?Sﬁtq rg %‘?“é‘?g{r‘gﬁfﬁ at

| east 250 ts i @h e f e 0 t er 100
parts by M V\Ig%ﬁlgﬁt fgfr ??) %( Bn.dmg?S%pB% Eﬁ@gﬁlgg%‘?ghaﬁg?g?éi ﬁgégaEFg

fillers witdrfeyrdedeSfshated +'8¢h1089eapaVlR (D OYCrepeddiviay al uni na,

- silicon nitride, silTicon carbide, talc, calciumsilicate, calcium
car bonat e, TRE Sepdtpyredith tddmposin Vb tef ik fimeswt bowhigis gl ass
fiber, car bon fi%er and aram d fiber. Anong these, suitable fillers
20 for a clestacterized\ist dbssit’'c¢aoqradn’d (e Se( 103, thvdn thoseefor
preferably sphere or a m xture of sphere and anorphous in the | i ght of
t hei r fl uialidommhsitnigpnralctionging thethe priaomydsi t Reduced t'c(90) may
Furthernore, it is preferable to add a variety of additives in the

| i ght of rkeddirtesd sherkex Htime femtcomplete curing than that from a

conventj_.‘onal catalyst, which may contribute to increase of
10 productivity. A reduced val;ue of t'c(90)/t'c(10) and a
| relatively longer initial curing time may lead to improvement
in workability; for example, the composition of this invention
may be applied to a sealer to improve workability such as an
extended kneading time and a reduced curing time.

15 An epoxy-resin exhibiting such curing behavior may
be prepared by using a phosphine oxide represented i)y géneral
formula (1) as (C) an accelerating agent. It is apparent from
the fact that when a tetramethylbiphenyl type of epoxy resin
(trade name: YX-4000H, epoxy equivalent: 184 g/eq; Yuka Shell

20 Epoxy) and a phenol aralkyl resin (trade name: XLC-4L, a hydroxyl
equivalent of 169 g/eq; Mitsui Chemical Inc.) are used as an
epoxy resin and a curing agent, respectively, in an equivalent
ratio of 1/1 , an epoxy-resin composition comprising a phosphine
oxide of this invention (Example 23 described later) provided

25 a 2.13-fold time for 10 % of the maximum torque measured with

a curelastometer while providing a 0.378-fold time for 90 %,



. 3-net hacr

25 resistance. For exanple, it may be preferable to use a coupling
‘agent for inproving adhesiveness of a resin to an inorganic

19 filler; such a coupling agenyimay be a silane, titanate,

al um nate or zircoalum nate coupling agent, preferably a silane

coupling agent; particularly a silane coupling agent having a

functional group capable of reacting an epoxy group. 5 Specific

coupling ents Mh'Ch n%%fﬁ? “Seddfyﬂfékin com36£¥{16h”88H8éX§&h8“e

vinyltriet

h N-
ok gpa%;bgfcgsa@m sl A o cribed Laven).

am noet hyl

triethoxysj i o ideal
gl yci doxyprl'k%’it;gfa l%%é?remt oxyS| ane eééi %y%??ﬁav ﬂg such idea

di et hoxys?haﬂ?? Kehayr forepoxycycl ohexyl ) ethyl - trimet hoxysil ane,
yl oxypr opyl -tri nmet hoxysi | ane and

3- ner cgpt opr opy|xr rdgBiLPRESIn dred product of h&ses NByvestUcadisl ane or in
conmbi nation of two or nore. 15 Sucha coupling agent is preferably
pre-i mobiptadtctoBbtAgned by ShefBREElpleurtifg arlepiiy-1fed irtompasdddonpt i on

or reaction. This invention al so provides an epoxy-resin
conposi ti af this cdowmrntsiory. (A) an at | east bifunctional epoxy-conpound or
epoxy resin, (B) a curing agent and (C) an accelerating agent, in

whi ch 20 t'c(9(he epoxyerssinrcurretl prodaet/ has(liiyhéexs heak resistankerei n
than a pfoduct obtained using a conventional accelerating
10 agent. |
A semiconductor device of this invention'is a device
manufactured by sealing a semiconductor integrated circuit
using an epoxy-resin composition of this invention. The
semiconductor device may be commonly manufactured by low-
15 pressure transfer molding, but other processes may be used; for
example, injection molding, compression molding and cast
molding. Furthermore, a special process using a solvent may
be employed.
The semiconductor device of this invention has a
20 characteristic that there may occur less cracks than one from
a conventional accelerating agent.
Examples
This invention will be detailed with reference to, but
not limited to, examples.

25 Example 1
One gram equivalent of bisphenol-A type of diglycidyl



t'c(10) and t'c(90) are times for 10 % and 90 % of the maxi num t or que

determ ned by neasuring the curing behavior of the epoxy-resin
conposition with a curel astoneter at 175 [err]C, respectively.
Preferably, t'c(90) is 1 to 3 mnand 25 t'c(90)/t'c(10) is 1.5t06.5.
Fi gur el showst hecuri ngbehavi or of the above epoxy- resin conposition

nmeasured with a

curel ast ongt el - wrg)% art}%%gaﬁegbgs &ngrsggﬂlﬁpo{{%k eRgrease after

a certain tinme fromt S fesrgna s for 10 %

and 90 % of ﬁ:tk?ai‘@fftm-‘f@ti ‘3/3!@ a'iﬂmatﬂﬁ nol noVédc ¥ ide 'tgﬁﬁteeﬂaﬁ G(lQ)

and t' c(90) respectively e epoxy-resin €O Ponor

i nvention BRG#558, cgmvaé:tmm‘;,% n Q_.'((glq 0 (1Q) han
t hose for a corrp05|t|on accj(')r d4 ng tﬁoy )gra?'d@r;léartq@% é/ détg % 90)
may | sk ares Sh@inen ELFEngOagEREP! Bdh&at il | h%rfehﬁtelft(eenhﬁd

- conventional catalyst, which may cont ute to i ncréase of

pr oducsi vikneaded ealticetl ‘Gltte giivd ac(lﬁﬁﬂdéerfe(ol@ r’é!ﬁrﬁmlxtufé.' atively
| onger initial curing time may | ead to inprovenent in workability; for

exanpl e, the corfmtheimesiof coipesibientiazadded 0M8YSwolpeld pRosphenseal er
to inprove workability such as an ext ended kneading tine and a reduced
curing ti @xldqgrepresented by genegalyfoemihaekh) bitére adiicfcRy ity R,
behavi or may ﬁ)r epared by using a phosphine oxide represented by
gener al are methyl (hereinafter, referred to as "P20"), and the mixture

was kneaded for 1 min at 50°C.

10 To 200 g of the resin component were blended a filler and
other additives in the following proportions, and the mixture

was heated and kneaded with a roll to give a molding material

for a sealer.
Inorganic filler: 720 g
15 [amixture of 50 parts by weight of sphere fused silica (Halimic

S$-CO, Micron) and 50 parts by weight of amorphous fused silica

(Fusedrex RD-8, Tatsumori)]

Silane coupling agent: 62 g

(SZ2-6083, Toray Dow Corning Silicone)
20 Carnauba wax 45 g

Carbon black: 3 g

Antimony oxide: 10 g

A portion of the molding material thus prepared was cured

under the conditions of 150 °C — 185 °C/5 min, 185 °C/ 5 min

25 and 150 kg/cm’, and was subjected to after-curing under the

condition of 185 °C/8 hr in an atmosphere of nitrogen to be



forﬁula (1) as (€ an accelerating agent. It is apparent from t he fact
that when a tetranethyl bi phenyl type of epoxy resin (trade nane:
YX- 4000H, epoxy equivalent: 184 g/eq; \Q(.jx;ka Shell 20 Epoxy) and a phenol

aral kyl resin (trade nane: XLC-4L, a hydroxyl equi val ent of 169 g/ eq;
Mtsui Chemcal Inc.) are used as an epoxy resin and a curing agent,
respectively, in an equival ent ratio of 1/1 , an epoxy-resin

L . ] oxi.d ; s | {i Ex le 23
Geser: bed TAEERFERP Haydst 2881555 phya et PrappEFies WEAR dEREREO L
tio:rgufogeggagfgjgmctcﬁed proﬁu@ﬂr.el'f’ﬁé Oznéastue.l.rtsv@rlees 591‘1’1' gé?ﬂaﬁlg 13 .7?E}Ih%l d

ri phenyl phansmoARiAEHde cAp L val o) L3 AL b Al aongyotor devige
have been £gpOtEEing, ¢ 1 &) b PESURY DPastElr | f68ing.  FUTAY Pg@ﬁlv' or.

-5 An epoxy-resin cyred roduct or this inventio .roduct
obt ai ned byubhectetd Ya Wifddld B SRANH FHt GRS 4 s der baﬁinh.t highe

i nventi on. The epoxy-resin cured product has higher heat _
resi st anceresults hare sals® ®igdwRbimi fe@wlielsi Ng a conventional accel erating
10 agent. A sem conductor device of this invention is a device

manuf act ured by Bepl ndme fori & areBini Wonpusddidire beFior@lirbll kneading
was determined at 150 °C. A‘curelastometer was used to determine
curing behavior at 175 °C for the resin composition. Times till
10 torque start, 10 % curing anci 90 % curing were determined and
shown in Table 1 as tsx, t'c(10) and t'c(90), respectively.
The various physical properties were determined as
follows.
~Tg (glass-transition temperature): determined by a TMA
15 needle inserting techniqlue (Shimazu; TMA-DRW DT-30);
-Flexural strength, coefficient of elasticity:
determined according to JIS K-6911;
-Boiling water absorption: determined by measuring a
weight increase after heating 2hrs in boiling water at 100 °C H
20 V.P.S.test: immediately after being placed in a
thermo-hygrostat at 85 °C and 85 % for 168 hours, test
semiconductor devices were soaked in Frolinate liquid (Sumitomo
3M; FC-70) at 240 °C. Semiconductors whose package resin had
a crack were counted. The results are given as a fraction where

25 a numerator is the number of semiconductors having a crack and



usi ng an

epoxy-resin conposition of this invention. The sem conduct or
.devi ce may be commonly manufactured by low 15 pressure transfer nol ding,
but ot her processes nay be used; for 24 exanple, injection nolding

conpressi on nol di ng and cast nol di ng. Furthernore, a special process
using a solvent may be enpl oyed. The sem conductor device
of this invention has a 20 characteristic that there may occur |ess
cracks thamdin{ifor is En&ORYRABErOBE! taseelenalinasagent. Exanpl es
This invention will be detailed with reference to, but not limted to,
exanpl es. 25. Ixai¢ bkhavior: dete@ifingcawi el ICYREERSTOMETER pygieol- A type
of diglycidyl 22 et her

(trade nymeiclige EGtof28; mbllkd: Shed 00 Epfoay .a ae®dn), tempegaitualeenl75184
g/ eq) and a phenol novol ac resin (trade nane: BRG#558, Showa
Kobunshi ,°Chy diresqgn esapyi :v dl0dntcy ciGss (i) amphitude anglmx\x 11ési saampliea
. curing agent, respectively, were nelted and 5 kneaded at 80 [err]
give & hamypeneoub.-Je$in m xture. To the resin conpositi
added 0.005 nol of a phoiggine : oxi de represented by general fo

(1) where all ofGHY Simp:t

rewpined for ages icRPPOsREienREfiare redl

to as "PZO'), _.and the m xture

10

15

20

25

knéading with a curelastometer at 150 °C.
Example 2

A molding material for a sealer was prepared as described
in Exampi; 1, except that a tétraphenylolethane type of epoxy
resin represented by formula (12) (trade name: E1031S, Yuka
Shell Epoxy, epoxy equivalent: 189 g/eq) Qas used as an epoxy
resin.

The material was processed as described in Example 1 for
determining physical properties of a cured product and for a
crack test for a test semiconductor device. The results are

shown in Table 1.

Ci{zn—})ﬂ(}lz-ﬂ \@\ /@/ O-CHzC\Ha-/Cl"lz

CH—-CH (12)
— 0-CH.CH—
ﬂ&oymmrﬂ 1\0}32
Example 3
A molding material for a sealer was prepared as described
in Example 1, except that a naphthol-cresol resol condensate

type of epoxy resin represented by formula (13) (trade name:

Cto

on was
rmul a
erred



was kneaded for 1 min at 50[err]C. 10 To 200 g of the resin

conponent were blended a filler and other additives in the foll ow ng
proportions, and the m xture wass heated and kneaded with a roll to
give a nolding materi al for a sealer. Inorganic filler: 720 g

15 [a mxture of 50 parts by weight of sphere fused silica (Halimc
S-CO Mcron) and 50 parts by wei ght of anorphous fused silica

Fused Tat bk i ' c oL :
(52- cops VR Poar B wakaln,, eptkyOGaeouRahEs PIRL/eQE fas used o,

bllack: 3 4k an epd¥ irB¥Rp . Oxide: 10 g A portion of the nolding
mat eri al thus prepared was cured under the conditions of 150 [err]C

[err] 185 [erriHbmAtByri285wd € Prdddestel Bs &&scAibed Sth EFaap1e 1] foand was

subjected to after-curing under the condition of 185 [err]C/8 hr in an
at nospherdetdrmid img@hylsidad properties of a cured product and for a 23

. adequately cured. Various physical properties were determ ned for the
cur edSpr axhaxtk tHeL rfexulat $eatesehdeondnctalbl det¥ic®he The resahbsnardi ng
material was used to prepare a sem conductor device for testing, by

| ow pr essarawn riansfakrlendl.di ng. It was then

g I e e

So e Lt
10 T @r (13)

CHs

Example 4

A molding material for a sealer was prepared as described

in Example 1, except that a spirobiindane diphenol type of epoxy

15 resin represented by formula (14) (trade name: SPIDG, Mitsui

Chemical Inc., epoxy equivalent: 233 g/eq) was used as an epoxy
resin.

The material was processed as described in Example 1 for

determining physical properties of a cured product and for a

20 crack test for a test semiconductor device. The results are

shown in Table 1.

25




5 éubject to a crack initiation test using a solder bath. The results

are also shown in Table 1. A gel tine for a resin conposition
before roll kneadi ng was deterniggd at 150[err]C.

Acur el ast onet er wasusedt odet er m ne curing behavior at 175[err]C forthe
resin conposition. Tines till 10 torque start, 10 %curing and 90 %
curing were determ ned and shown in Table 1 as tsx, t'c(10) and
t'c(90), respectively. The various physical properties were
deternine@ﬁégplg—i fol I ows. -Tg (gl ass-transition

TR Chn Ly KB ERLET b8 L SRS A AR s B
det o1 m netn B | bR R ppohthol p-crpPY (S USARES ! o

e e Tl bt e s

. placed in a ygrostat a err hour's, test

sem candu Vi $03K@d q/Rqh" Waish@tsed adVigd dSYHd YFent. 3M
FC—70;y]atﬁ ggoﬁgr??%?vég%?gonggct /sqahogg packagé resin hgé gen a crack

were counted. Thgel@StestfaPhadpYotedSed h5alds AN NE@Ii ERAmpRenURator is
t he nunber of sem conductors having a crack and
24 detdendningt physichlleppopbetiet bEshecuredi ppsduct and for a

crack test for a test semiconductor device. The results are

shown in ‘Table 1.
OH : H |
10
OH
CHz CH, | (15)
CH, )
A gel time for the resin composition before roll kneading
15 was unchanged after leaving it in the atmosphere at room

temperature for 10 days.

Comparative Examples 1 to 5

We attempted to prepare molding materials as described
in Examples 1 to 4 using triphenylphosphine (hereinafter,
20 referred to as "TPP") as a curing agent, but the compositions
exhibited quite poor curing properties. Therefore, molding
materials for a sealer were prepared as described in Examples
1 to 4, except for increasing the amount of the catalyst to 0.015
mol;
25 The materials were processed as described in Example 1

for determining physical properties of a cured product and for



-Curing behavior: determ ned with CURELASTOVETER type V (Ni chi go

Shoji); nmold: P-200 (for a resin), tenperature: 175 [err]C, frequency:
100 cycles/mn, anplitude angle: 1[err2]7; sanpl e 5 anount: 4.5 g.

-Cel time: determned for a resin conpdsition before roll kneadi ng
with a curelastoneter at 150 [err]C. Exanpl e 2 A nol di ng

material for a sealer was prepared as described 10 in Exanple 1, except

(12) (trach WARGE Patis 1or aukRec cenbitipueror Foulre P dl SR RImS fogo -

/eq) was 0 resin. . The materlal was
o oobssad S3CH LonBRs EOMN was gekBhilned 1n the sand Sty pAyG cheults
properties,pf %hg%egn%ggiugtland for a crack test for a test
sem conductor devi ce. e results are shown in Table 1. [err]
Exanmple 3 - i L f.ar r e
- deS(r:nr)i bed 25 iﬂu%%ﬁrp@% n%(ggﬁpn a!tlﬁlgtlt’% %g%ﬂﬁﬂgleg &\r,%?o%i r%g'g‘{) Qgg% ensat e

type ofs eppxaviRgi fof eIV Aag! fls et i éd (3 Hdddrated'a Example 5,
togive a gel time of more than 15min, which apparently indicates

pdeterioration in curing catalyst activity.



25 ECCN7000, N hon Kayaku, epoxy equfvalent: 204 g/ eq) was used

as an epoxy resin. The material was processed as described in
Exanple 1 for determ ni ng physical properties of a cured product and
for a 5 crack test for a test senmicod@uctor device. The results are
shown in Table 1. [err] Exanpl e 4 A nol ding materia
for a sealer was prepared as descri bed i n Exanpl e 1, except that a
spi robi i ndane di phenol type of epoxy 15 resin represented by fornula (14)
(trade gaﬁébkﬁﬂﬁxi Mtsui___ Chem cal Inﬁ., epoxy equi val ent: 233 g/ eq)
3
doscr i bed | N et oT e Hr iy broper L b om0t
product and {BFORPr2EnE¥L@RIEREt fof a test| sem conductor device. The
results are |-Maghdngrediehable 1. [err]
Epicoat 828 184 - - - 184
E1031s - 189 - - -
EOCN 7000 - - 204 - -
SPIDG - - - 233 -
-Curing agents
BRG#558 104 - « -— -
NHN - - - - 140
-Accelerating agents
PZ0*(mol) 0.005 - - - -
TPP (mol) - - - - -
Physical properties
-Glass-t:ansition 145 138 : 147 144 140
temperature(°C)
-Flexural strength 12.2 12.4 12.4 12.6 13.0
(Kgf/mm?)
-Bend elastic const. 1650 1640 1620 1610 1640
(Rgf/mm?)
~-Boiling water absorption|0.13 0.14 0.13 0.12 0.13
(%)
_ 0 0 0 0 0
~-VPS test (crack
incidence/10) 5¢23n 5128 5¢42" 541" 5+19"
-Gel time (min,sec)
Curing behavior
-Torque start tsx 1'44n~ 1'41" 1+29" 1'45" 148"
(min,sec)
-10% curing t'c(10) 1'58" 149" 1'41* J1'51" 159"
(min, sec)
~-90% curing t'c(90) 429" 4'21" 4'09" 4'45" 445"
(min,sec) '

Curing conditions: 150 °C—>185 °C/5min, 185 °C/5min (150 kg/cm?),
185 °c/8 hr
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Exampl e 5

as descri bed

condensat e

i n Exanple 1,

represented by formula

A nol ding materi al
except that a naphthol
15) (trade nane: NHN, Ni hon Kayaku,

-p-cr

esol

for a sealer was prepared
r esol

5 hydroxy equivalent: 140 g/eq) was us as a curing agent. The
materi al was processed as described in Exanple 1 for determ ni ng

physi cal properties of a cured product and for a crack test for a test
sem conductgpideyi éon thaukAgults are shown in Table 1. [err]

A gel tine sTtT o beforerotrt—knpadrng— 5 wers '
unchanged aft ' €he aflnpspherd at4room teopetature fhr
10 days. gggpggg;gggggggﬂggg§ 1 to5 Ve atteppted to| prepar e
T1 phenyl phosprita lﬁ‘swq?e?%% e 20 "reterfed to ab “TPP[as a cufin
agent, but the exTibﬂ?éd Jui t® popr curing proper é%

- Therefore, no mnmp3ls naterials for a~sealerl8@re prepareE as- des rlbed-
i n Exanpl es roexN gobo except for jincreasing Lthe anoygy of the cafal yst
to 0.015 PIDG _ _ _ 233 _

~-Curing agents
BRG#558 104 - - - -
NHN - - - - 140
-Accelerating agents
- PZQ (mol) - - - - -
TPP (mol) 0.015 -« -« <« -~
Physical properties
-Glass-transition 138 130 139 135 130
temperature(°C) '
~Flexural strength 12.3 12.4 12.1 12.5 12.8
(Kgf/mm?)
-Bend elastic const. 1550 1540 1520 1510 1540
(Kg£/mm?)
-Boiling water 0.13 0.13 0.13 0.12 0.12
absorption (%) :
~VPS test (crack 1 1 2 1 2
incidence/10)
~-Gel time 4'33" 4'19" | 4'39" | 4'50" | 4'29"
(min,sec)
Curing behavior
-Torque start tsx 0'29" 0ra28" 0'29" 0'26" 0'38"
(min,sec)
-10% curing t'c(10) 0'41" 0'39" | 0'41" 0'51" 0'59"
(min,sec) '
-90% curing t'c(90) 6'29" 6'21" | 6'09" 6'45" 945"
(min,sec) '

Curing conditions: 150 °C—185°C/5min, 185 °C/5 min (150 kg/cm?),
185 °c/8 hr




25 . The materials were processed as described in Exanple 1 for
determ ni ng physical properties of a cured product and for

27 a crack test for a test sem conductor device. A gel tine for
each conposition was determined in the 38me way. The results are shown
in Table 1. Furthernore, in Conparative Exanple 5, a gel tine

after 5 Jleaving for 10 days was determ ned as described in Exanple 5,
to give a gel tinme of more than 15 min, which apparently indicates
pdet eri or aE.u‘SéEEils_éuri ng catal yst activity.

28 Table 1 npl e 1 2

4 5 Amﬂblgfbkrtg Bateripdrfer a sealeynvas iprgparedhes descrlbﬁlbl coat
828 184 184

E1031S in Example 1, except that an otggesol novalac type of epoxy resin

ECCN 7000

: 204
. SP| DG (trade name: EOCN102S, Nihon Kayaku, epoxy equ:'g@lent: 193

: _ rr
[SrJH NG agsp&a) uas psed &5 £ epoxy resing a phenoll(ngévolac reb$h Jtrade
I eratin

Bz err] (mof )" BRG#SSS Sh%w%ééimnfl&f ydroxy eq lagi?ﬁlé 104 gfeq}

[err] was [G5ed B4 )a .curing agent; and-the amount of PZ0O was 0.0035
- Physi cal properties
mol.
The material was proceéfsed as described in Example 1 for
10 determining physical properties of a cured product and for a
crack test for a test semiconductor device. The results are
shown in Table 2.
Example 7
A molding material for a sealer was prepared as described
15 in Example 6, except that a phenol aralkyl resin (trade name:
Milex XLC-4L, Mitsui Chemical Inc., hydroxy equivalent: 169
g/eq) was used as a curing agent.
The material was processed as described in Example 6 for
determining physical properties -of a cured product and for a
20 crack test for a test semiconductor device. The results are
shown in Table 2.
Example 8
A molding material for a sealer was prepared as described in
Example 6, except that a phenol-dicyclopentadiene resin (trade
25 name: DPR#5000, Mitsui Chemical Inc., hydroxy equivalent: 180

g/eq) was used as a curing agent.



-G ass-transition 145 138 147 144 140

tenperature ([err]C - Fl exur al strength 12.2 12. 4

12. 4 12.6 13.0 %t Immierr]) -Bend el astic
const . : 1650 1640 162 1610 1640

(Kgf/mmierr]) -Boiling water absorption 0.13 0.14 0.13
0.12 0.13 (% 0 0

0 0 0 -VPS test (crack i nci dence/ 10)

5 23" 5' 28" Thematerialswas'procsssed as describet in Examples 6cfor
Curing behaw or -Torque start tsx 1' 44" 1' 41" 1' 29"
1' 45" 1 @Jeermlnlng physieah preperties o guired predugr and for a1’ 58"

' 49" 1" 1'59" n, sec -90% curi ng
»éL 215(990) craclk tgsté or a gesft sequ;yiuctomd@yu.ce.4) Fhe results are

ons: 150 [err err]185 [err]C/5mn, 185 [err]C/ 5mn
(mn, sec) CEH ngconggb{%r% [ 1 ] [ ] g

.(150 kg/ cnf &) 10 C/ 8 hr

Tabl e é h Conmp. Exanpl e 1 2 3 4
5 rom parts) -Main ingredients Epi coat 828

184 -

189 i A mold:Lng mater1a1 f]o%dmﬁ wgg prepared as descrlrkéed

204 -in Exampld BC except that a na hthol a kyl resin (trade na %’
-Curing agents Pl BRGEY P _rLﬁ%lY J[ r(f err]
[err] oNXEBN. 2, Mitsui Chemical Inc., hydroxy equivalént: 218 g/ﬁspp 140
- Accel erati ng agent S PZO (nol) - - (nol)
0.015 was rised, as al[®@iring agenterr] [err] Physi cal
properties -dass-transition . 138 130 139 135

130 10 tenper atThe faten]i@]l was prdcessed as desgiiibed in Ekdmple 614
12.1 12.5 12.8 (Kgf/mmierr])

determining physical properties of a cured product and for a
crack test for a test semiconductor device. The results are
shown in Table 2.
A gel time for the resin composition before roll kneading
15 was 3'28" at 150 °C, which was unchanged after leavitlg it in
the atmosphere at room temperature for 10 days.
Comparative Examples 6 to 13
We attempted to prepare molding materials as described
in Examples 6 to 9 using undecylimidazole (trade name: C11Z,
20. Shikoku Fine Chemical) (Comparative Examples 6 to 9) or
triphenylphosphine (TPP) (Comparative Examples 10 to 13) as a
curing agent, but the compositions exhibited quite poor curing
properties. Therefore, molding materials for a sealer were
prepared, increasing the amount of the catalyst to 0.008 mol.
25 The materials were processed as described in Example 6

for determining physical properties of a cured product and for



-Bend el astic const. 1550 1540 1520 1510 1540
(Kgf/mierr]) -Boi ling water 0.13 0.13 0.13 0.12
0.12 absorption (% -VPS test (crack 1 1 2
1 2 i nci dence/ 10) -GeB2tinme 4' 33" 4' 19"
4' 39" 4' 50" 4' 29" (m n, sec) Curing behavi or - Tor que
start tsx 0' 29" 0' 28" 0' 29" 0' 26" 0' 38" (mn, sec)
-10% curing t'c(10) 0' 41" 0' 39" 0' 41" 0' 51" 0' 59"

(mn, sec) a cracdX¥estr fog 4 tddd)semicorfdirGor deviie. A §81 tifie4bor

9' 45" (mn,sec) Curing conditions: 150 [err]C[err] 185

[ er r] U 5Smeachl 8¢omposiitionls8skdettefringd i 8hdq eameCwadyhr The results

30 Exanpl e 6 A molding naterial for a seal er was
prepared @&relehnwibdd Table v Exanple 1, except that an o-cresol novol ac
type of epoxy resin (trade nane: EOCNlOZS Ni hon Kayaku, e

. equival ent: 193 Furﬁhegﬂ@cﬂerwé§ %@Haéétaﬁe%&PIf%é%Wh&rﬁnénmp 'ébgﬂ-ac
resin (trade RG#558, Showa Kobunshi, hydroxy equival ent; 104
g/ eq) ara\fld@f]u%ﬂlﬁ?“él E’E&P%ﬂ wspahaewea%%a "l!i ANEIIBNE035

ol d b f
TS et er mdiha GALSLEAE . FeonedFRellyr B dil M At et g 4peatBr 10 (T,

test for %afrﬁs) erge%%rfgnli%te%r ge\cllle(szgrlbe .[i.gs :lcglﬁpil 9, to givgwg bngabl €

time of more than 15 min, which apparently indicates

deterioration in curing catalyst activity.



A nmolding material for a sealer was prepared as described 15 in Exanple

6, except that a phenol aral kyl resin (trade nane: M1l ex XLC 4L,
M tsui Chem cal Inc., hydroxy equivalent: 169 g/ eq) was used as a
curing agent. The material whd processed as described in Exanple
6 for determ ni ng physical properties -of a cured product and for a
20 crack test for a test sem conductor device. The results are shown
in Table 2. Exanmpl e 8 A nmol ding material for a sealer was
prepared a¥abdec?i bed in Exanpl e 6, except that a
phenol - di cycljopent adi gn 5 In (trad : [ SUl g Chejm cal
I nc., hydr oxyFestiratert==—80——=giaei—wat—4566-—a6—3-0- r‘;~~=a§eﬁ%==
31 _£_ﬁimﬁlanfﬂxiﬂLJmﬁalprocessed as descrl)ed in Exanple 6 for
det erm ni ng phygi £/l i mELRe{dh€es of a cured product angl for a crfack
test for a test senic ducto device. The reslyilts are shown in [Tabl e
- 2. 5 Exanp| e EPCN 1 A nol di nglR8terial Tor & seal er| wa$ prepar ed
as descri bed -Curimglégenwée 6, exg¢ept that @ naphthpl aral kyl resin
(trade nane: BRG#ZYWE 3- 2, M tsui Chenhsal I nc., _hydfoxy_equj val ent:| 218
g/ eq) was used as a curing agént.
Milex XLC-4L 169 - -
DPR#5000 - - 180 -
aNX-3.2 - - - 218
~Accelerating agents
PZQ (mol) 0.0035 -« -« -
Cllz (mol) Co- - - -
TPP (mol) - - - -
Physical properties .
~-Glass-transition 177 146 144 156
temperature(°C)
~Flexural strength 14.2 13.8 13.3 13.5
(Kgf/mm?)
~-Bend elastic const. 1560 1660 1550 1585
(Kgf/mm?)
-Boiling water 0.17 0.14 0.10 0.12
absorption (%) '
-VPS test (crack 0 0 0 0
incidence/10)
-Gel time 312" 322" 3'38" | 3+'28"
(min,sec)
Curing behavior
~Torque start tsx 0'o9" o'iav 0r20" 0'15"
{(min, sec)
-10% curing t'c(10) 0risr 0'20" 0'31" | 0'24r~
(min,sec)
-90% curing t'c(90) 2'05" 2'09" | 2'54" | 2'34"
(min, sec)

Curing conditions: 150 °C~>185 °C/5min, 185 °C/5min (150 kg/cm?),
185 °C/8 hr



10 The material was processed as described in Exanple 6 for

determ ni ng physical properties of a cured product and for a crack
test for a test sem conductor device. The results are shown in Tabl e
2. A gel time for the resi®fconposition before roll kneading
15 was 3'28" at 150 [err]C, which was unchanged after leaving it in
the atnosphere at roomtenperature for 10 days. Conpar ati ve Exanples 6
to 13 Aldisgdd to prepare nolding materials as described
. ggb 2 : :
i n Exanpl €5 5 R ey Hrgazet-e—{rade—rarp—tLT—260—Sh koku
Fi ne Chem cal) ggﬁﬂggrgﬂﬁm@lﬁxagples 66to 9) or? tr80he1y|pﬁosp i ne
(TPP) (Conmpa ﬁEb g E{ h@s 10¢E£9 13) as a curing agent| but the
conpositions|e during propert{ies. Therefore
mol di ng mat ef rgﬁénfépgéeééﬁpEr Wer € prepared, increasing the anpunt of
the catal yst|t®EOCHWOBI2®| . 25 Tbg material s pere—progessed ag
- described in Eéﬁgghs ggents for detlerm ning physical |propert{es of ajcured
product and for 32 a crack
test for a tpstBR@§TBnductor devidqe. AOdgel {ime-for -each compos|tion
was det erm n=d m;mé;hexmway Thg results 186€e shown inj Table 2
Furt her nor e, @Ilve Exanpl @ 13 whereja napht1o|183 af al kyl rgesin
and tripheny phosp I he were used ag a curing|agent -
aNX-3.2 - - - 218
-Accelerating agents
PZ0 (mol) : - - -
C11%Z (mol) .0.008 - - -
TPP (mol) - - - -
Physical properties '
-Glass-transition 175 145 144 153
temperature(°C)-
-Flexural strength 14.1 13.5 13.5 13.5
(Kgf/mm?)
-Bend elastic const. 1480 1570 1510 1510
(Kgf/mm?)
absorption (%)
-VPS test (crack 2 1 2 1
incidence/10)
-Gel time 4'25" 5'05" | 5'22" 5'32"
(min,sec)
Curing behavior
-Torque start tsx 0ra3" 0'24" 0r27" 0'25"
(min, sec)
~10% curing t'c(10) 0'30" 0'31" 0'40" 0'34r"
(min,sec)
-90% curing t'c(90) 5'13" 5'18" 6'18" 6'02"
(min,sec)

Curing conditions: 150 °C—185 °C/5min, 185 °C/5min (150 kg/cm? ) ’
185 °Cc/8 hr



and a catal yst, respectively, a gel tine after |eaving for 10 days was

determ ned as described in Exanple 9, to give a gel time of nore than
15 min, which apparently indicates deterioration in curing catalyst
activity. 35 33 Tabl e 2
Exanpl e 6 7 8 9 Proportion(wt parts)
-Mai n i ngredi ent EOCN 102S : 193 [err]
-Curing a 104 - - -
Mlex XLG- 2_Lc Ml 169 DRRY5000
- - 18omp. Example anNx- 31 Q@ 11 12 13
- 218 6568 8haYIRY S PZQ (nol) 0. 0035
[err] err| . Era Cl1z (mgl) - TPP
(mol ) -Main ingredient - Physi cal properti ¢s
-3 ass-transi{i GBOCN 1028 177 146193 144 <« 1%6 < tenpesatufe(O
- -Flexural strgn . .2 13.8 13)3 1315 (Kgf/ mmR)
-Bend el astic cgﬁgﬁ?g agen%éeo 1660 1550 1585
(Kgf/mrerr])| BRGEMI8ing water 104 0J17 - .14~ 0.10- .12
absorption (9 MilewB&.dest (crack - 0 169 0. o_ 0
i nci dence/ 10) = i me 312" 3122  3'88" 3 28"
(m n, sec) aﬂ?gﬁfig%%vior -Tojque Start |tsx™ 18900t -0 1p"
0' 20" 015" aNX-3.2 (nin, sec) -10%-curimpg t=~c(10) - D' 1318 P’ 20"
0' 31" 0' 24" _Acceleratiﬁgnaégﬁﬁs -90% curifng t' c(90) 2' 05"
2' 09" 2' 54" }?4" (mn,sec) Curilng cond{tions: {50
[err]Cferr]18p [ ,]Qﬁ?%ﬁlﬁ, 185 [erq] T 5min (150 Rg/cpR),~ -
Cl1lZ (mol) ¢ - - - -
TPP (mol) 0.008 - - -
Physical properties '
-Glass~-transition 175 144 145 155
temperature(°C)
-Flexural strength 13.9 13.5 13.5 13.5
(Kgf/mm?)
-Bend elastic const. 1500 1560 1500 1515
(Kgf/mm?)
~Boiling water 0.22 0.17 0.15 0.15
absorption (%)
-VPS test (crack 2 2 2 1
incidence/10)
-Gel time "5'08" 6'21" 6'55" 540"
(min,sec)
Curing behavior
-Torque start tsx oris" 0'1i9v 0'35" 0'23"
(min,sec)
-10% curing t'c(10) 0r23" 0'25" 0'43" 0'31"
(min, sec)
-90% curing t'c(90) 5'48" 6'01" 9'22" 6'41"
(min,sec)

Curing conditions: 150 °C—>185 °C/5min, 185 °C/5min (150 kg/cm?),
185 °C/8 hr .



185 [err]C/ 8 hr 34 Table 2

{conti nued) Conp. Exanpl e 6 7 8 9
Proportion(wt parts) - Mai n ingredient ECCN 102S 193
[err] -Curing agents BRG#55836 104 - -
M1l ex XLC 4L - 169 - DPR#5000

- - 180 aNXx- 3. 2 - -

218 - Accel erating agents PZO (ol ) - Cllz (nol)

0. 008 Ezﬂp@&éklﬂ [err] [err] TPP (ol )

o T RS R £57 VEMILL gl prepaelT cescrlff,

13.5 1%.§$8xamﬂ>%gllb exce5pt th(alégy m&?{(]a;ra vyl §@§§ne£ﬁéld:f %S%B{

1480 err| wat er

0.21 Qe%@.n (afl: éﬁox1da@tﬂ§n proﬁ@cobﬁté?hén@l aralkygsrésﬁfd (ﬁ:ii'raa%k

.2 : i nci dence/

4'25" 5 iaﬁt‘é MlieﬁzﬁLC 5L32}41tsu1 Chem:.c@l1 lﬁné@?)l’é‘ydro@”elqlﬁg.vbﬁbal‘tizor

-Torque start tsx 0' 24" ' 27" (m n, sec)
-10% curi ng9t gedq) accorﬂlﬂﬁ"to a ¥sIh1 pchéQs, ePoRy'equivalent: @3i8n, sec)
-90% curing t*c(90) 5 13" 518" = 6' 18" &' 02" (min, sec)

Cur i ngcondj/teigynwas hifed asr A epoiyl ¥esliarr & @Henol, nd8b6lherréibitmrades0
kg/cnerr]), 185 [err]C 8 hr
name: BRG#558, Showa Kobunshi, hydroxy equ:.valent 104 g/eq)
was used‘as a curing agent; and the amount of PZ0 was 0.0035

10 mol.

The material was processed as described in Example 1 for
determining physical properties of a cufed product and for a
crack test for a test semiconductor device. The results are
shown in Table 3.

15 Example 11

A molding material for a sealer was prepared as described
in Example 10, except that a phenol aralkyl resin (trade name:
Milex XLC-4L, Mitsui Chemical Inc., hydroxy equivalent: 169
g/eq) was used as a curing agent.

20 The material was proceséed as described in Example 10 for
determining physical properties of a cured product and for a
crack test for a test semiconductor device. The results are
shown in Table 3.

Example 12

25 A molding material for a sealer was prepared as described in

Example 10, except that a phenol-dicyclopentadiene resin (trade

name: DPR#5000, Mitsui Chemical Inc., hydroxy equivalent: 180



35  Table 2 (conti nued) Conp. Exanpl e 10 11 12

13 Proportion(w parts) - Mai n i ngredient EOCN 102S

193 [err] [err] [errk -Curing agents BRG#558
104 - - - M 18X XLC 4L - 169

- - DPR#5000 - - 180 -

aNXx- 3. 2 - - - 218 - Accel erati ng
agents PZO (nol) Cl1Z (nol) - -

TPP (nol) g/eq) was used) ggp@ curing@genterr] [err]

Physi cal properties -G ass-transitiaon 145

.175, 144
155 t enper atificmptprial was proesssed asglescribed }§.F9‘<am511%é.°5f°r 13.5
13.5 (Kaf / err,] -Bend el astic const. 500 1560
Io00  1fiefermitfing Brus A PEOREFELcE SRoR FRESRPEPduct SRd fop 35

0.17 0.15 0.15 absor ption (9 - (PS.t est rack 2
2 2 crack %s]t fqrn& %gﬁge)sfgx)lcgr@dugéglr ﬁepfé.ce. '&‘ﬁe £ésults R

6' 21" 6' 55 L 40" (m n, sec) Curing behavi or - Tor que

Start Bey SHown flgple 3. 0 (MR (nin, sec)

-10% curi il Y3 0' 23" 0' 25" 0'43" 0' 31" (mn, sec)

-90% curi 5' 48" 6' 01" 9' 22" 6' 41" (mn, sec)

curi ditiong - ' ' i
kg/r Icnn[gg?p] I) 1 I gg;g f‘égg]lgggﬁﬂé@{u eb] Psiier 88 prépdiédisnaédSPibed

in Example 10, except that a naphthol aralkyl resin (trade name:

36

aNX-3.2,,Mitsui Chemical Inc., hydroxy equivalent: 218 g/eq)

10 was used as a curing agent.

The material was processed as described in Example 10 for
determining physical properties of a cured product and for a
crack test for a test semiconductor device. The results are
shown in Table 3.

15 A gel time for the resin composition before roll kneading
was 3'48" at 150 °C, which was unchanged after leaving it in
the atmosphere at room temperature for 10 days.

Comparative Examples 14 to 21

We attempted to prepare molding materials as described

20 in Examples 10 to 13 using undecylimidazole (C112) (Comparative
Examples 14 to 17) or triphenylphosphine (TPP) (Comparative
Examples 18 to 21) as a curing agent, but the compositions
exhibited quite poor.: curing properties. Therefore, molding
materials for a sealer were prepared, increasing the amount of

25 the catalyst to 0.008 mol.

The materials were processed as described in Example 10



Exanpl e 10 A nmol ding material for a sealer was prepared as
descri bed in Exanple 1, except that a phenol aralkyl resin type of
epoxy resin (an epoxidation product of a phenol aral kyl resin (trade
5 name: Mlex XLC-4L, Mtsui Chemcal 13., hydroxy equivalent: 169
g/ eq) according to a usual process, epoxy equival ent: 238 g/ eq) was
used as an epoxy resin; a phenol novolac resin (trade name: BRG#558,
Showa Kobunshi, hydroxy equivalent: 104 g/eq) was used as a curing
agent ; andfeh«dehruminigig physigalopoopsrtiesmf a cured producthandaferi al
was processed as described in Exanple 1 for det er m ni ng physi cal
properti es2 Frack vt frguacteghdsemicgnductogrdericest X gelatimet for

sem conduct or, device., The results are . shown in Table 3. 15 Exanple
11 each Compos Hyl oS detesminesbincEhaamang sny-edThe vesettded

i n Exanpl e_10, except t{]a% a ghenol aral kyl resin (trade nane: M | ex
S XLC-4L, M 5T Seuni £8 T#RLe 3hydroxy equival ent: 169 g/ eq) was used
as a Cléri ng age i

Exampl & 10 1 or r*urtlﬁ%?%?mi%{g SRperesive ﬁ%ém@i%‘s’fﬁ?ﬁ%ﬁaﬁﬁaﬁ%ﬁ%&' and
. . i i T
Chown i n 75 ot estin g enEb Y IHEU oA HEET Ao S adafEr v

prepared agndles Cathad st e@(e 19, t -
phenol - di cycl opent adiq’ene' rreean ?_r%%'&g, 4 gg%g@rrg:le Iﬁ?ﬁ&&?vﬁﬁgsﬁ?r %rri cal
Inc., hydraays el \@ttnink¥) as described in Example 13, to give a gel

time of jore than 15 min, which apparently indicates

10 deterioration in curing catalyst activity.



37 g/ eq) was used as a curing agent. The material was
processed as described in Exanple 10 for det erm ni ng physi cal
properties of a cured product and for a crack test for a test

semi conduct or device. The results are 395 shown in Table 3. Exanpl e 13
A nmolding material for a sealer was prepared as descri bed I n Exanpl e
10, except that a naphthol aral kyl resin (trade nane: aNXx- 3.2, Mtsu
Chem cal I nc. hydroxy equi valent: 218 g/eq) 10 was used as a curing

agent . Table 3 The material was processed as described in Exanple 10 for
determ ning physi cal gyppardies of E cuEgd pqodugi and fes a 13¢rdck
test for a td¢sSt=sSemrconguctor—aevr o—t=S—<tt sHow—rrr—Habl e
3. 15 Exoportion{wtapamls ) esi n conpodition before rol|ll kneadi{ng
At mospher e ay ToaEYLanestal bedlt [10 G | LComar apive [Exagpl ed 14 to
- 21 g %gingQHEQBQ PESSPEEare nniging naférrgls %5 dgscr?ﬁed 20
i n Exanpl es 16 %E? decyI|n1dazoIe (IC112) (donparatijve
Exanpl es 14 foCuping agendisenyl phosphi ne (TPH) (Conpgrative Exarpl es
18 to 21) as|a srG#Bggagent, but the conposit|i ons
Milex XLC-4L 104 - - -
DPR#5000 - 169 - -
oNX-3.2 : - - 180 -
- - - 218
~-Accélerating agents .
~ PZO (mol) 0.0035 -« - -
Cl1Z (mol) - - - -
TPP (mol) - - - -
Physical properties
-Glass-transition 157 130 124 137
temperature(°C)
-Flexural strength 13.2 12.8 12,2 12.6
(Kgf/mm?)
~-Bend elastic const. 1510 1600 1500 1520
(Kgf/mm?)
-Boiling water 0.15 0.14 0.12 0.13
absorption (%)
-VPS test (crack 0 0 0 0
incidence/10)
-Gel time 3r'12" 3'22" 3'38" 348"
(min,sec)
Curing behavior
-Torque start tsx 0'io" or11" or22" 0ori7"
(min,sec)
~10% curing t'c(10) 0'20" 0'21" 0'29" 0'25"
(min,sec)
-90% curing t'c(90) 2'12" 2'14" 2'58" 2'45"
(min,sec)

Curing conditions: 150 °C—185°C/5min, 185 °C/5min (150 kg/cm’),
185 °c/8 hr



exhi bi t ed qui te poor curing properties. Therefore, nolding

for a sealer were prepared,

I ncreasing the anount of

materi al s
25 the catalyst to

0. 008 nol . The materials were processed as described in Exanpl e
10 40 38 for determning
physi cal properties of a cured product and for a crack test for a test
sem conductor device. A gel time for each conposition was determ ned
kﬂrtﬂgrigq%b 3 it l“é s Sh?ﬁ?elg'IZELgrsi ° ararkytyresin
and triphenyl{phosSi9mpe FEXadpleed asl a_chfi ng lageh od 4 calhlvst,
respectively, Irthi R wif bartkgavi ng for 10 dgys was deternjn¢d as
described in e ., 0 _dive a [gel tlime of nore than 15 m n§ which
apparent|y iTd§%%$b§ngf§d18@terioration in cyring catlal yst adtivity.
39 Tabl e 3 Epoxidatiopxprpfect 238 g0 < |11 « 12¢ 13
. Proportion(w ofaMidex Xrc-Mai n i ngrledi ent Epoxi|dati on product 238
[err] [eLEhring ageh%%ﬂ
BRG#558
Milex XLC-4L 104 - - -
DPR#5000 - 169 - -
aNX-3.2 - - 180 -
- - - 218
-Accelerating agents
PZ0 (mol) - - -
C11Z (mol) 0.008 -« - -
TPP (mol) - - - -
Physical properties
-Glass-transition 154 127 121 131
temperature(°C)
~Flexural strength 12.9 12.3 12.1 12.5
(Rgf/mm?)
-Bend elastic const. 1450 1490 1360 1370
(Kgf/mm?)
~-Boiling water 0.20 0.16 0.14 0.15
absorption (%)
~VPS test (crack 2 1 1 1
incidence/10)
~Gel time 5:'09" | 5'22" | 5'59" | 7'45"
(min, sec)
Curing behavior
-Torque start tsx 024" 0'25" 0'28" 0'as"
(min,sec)
-10% curing t'c(10) 0'33" 0'36" 0'45" 0'40"
(min, sec)
-90% curing t'c(90) 5'22" 5'18" | 6'32" | 6'21"
(min,sec)

Curing conditions: 150 °C—185 °C/5min, 185 °C/5min (150 kg/cm?),

185

°C/8 hr



of M | ex XLC 4L -CUrlng agents BRG#558 M1l ex XLC 4L

104 - DPR#5000 - 169
- - aNX-3 2 - - 180 -
- - 218 - Accel4drating agents PZO (nol)
0. 0035 [err] [err] [err] C11Z (nol) -
- TPP (nol) Physi cal properties -G ass-transition 157
1308 1%?;(3 31&760nt1n;_ﬁ_§ﬂfer?F,Ef eWSIC)M”\ - Fl exuraL E:[ rfngth s 13.2
1510 1604 femp. Ewempie | igl Ly ap ) 20-pdl) L2k wter
0.15 0.14p db:ﬁ&on(w&.ﬁégts) apsorption (% [VFS teqt (crack
g 12" g ZV'Ma#% g@gre %ﬂf e denceéﬁ?%,sec) . CL?an behavi qr
_Torque star{ tBRoxidatiop pgoductg| 1172380 2b" <0 17" <« < (ni[n, sec)
- -10% curing f'of( Milex XLCO>420" 0} 21" 0' 2p" 0' 25" (min, sec)
-90% curing t_@@%Qh '512" 2| 14" 2'5Ff 2' 45" ~ (mjn, sec)
Curlngcondltl §? riClerr]18p [err]C/5m n, 183 [err] d|5m n (180
kg/cnierr]), 08 hr 40
Table 3 (contlnﬁb &x XLC-4L Conp. Ekanpl®4 - 14 - 15~ 16
17 Propolfti ppRipsOparts) -Ma] n i ngredijent;gg Epoxi dati gn product
238 [«r&égg % .o lerr] [efr] of{ M| ex )LCZ%b -Curing
agents 5 M | ex XLC-4L-_ _ 10 _218
-Accglerating agents
PZO (mol) ‘ - - -
Cl1lz (mol) | - - - -
TPP_ (mol) 0.008 - - -
Physical properties
~Glass-transition . 155 129 123 134
temperature(°C)
-Flexural strength 12.8 12.6 12.1 12.5
(Kgf/mm?)
-Bend elastic const. 1380 1460 1350 1360
(Kgf/mm?)
~Boiling water 0.20 0.18 0.14 0.15
absorption (%)
-VPS test (crack 2 2 1 2
incidence/10)
-Gel time 5'59" 6'12" 6'55" 821~
(min,sec)
Curing behavior
-Torque start tsx | o0r20" 0'21" | 0'33" | 0'25"
(min,sec)
-10% curing t'c(10) 0'29" 0'30" | 0'51" | 0'35"
(min,sec)
-90% curing t'c(90) 6'09" 6'21" | 9'53" | 7+12"
(min,sec)

Curing conditions: 150 °C—>185 °C/5min, 185 °C/5min (150 g/cm?),
185 °c/8 hr



DPR#5000 - 169 ; ; aNX- 3. 2

- 180 - - -

- 218 -Accel erating agents PZO (nol) Cl1Z (nol)

0. 008 [err] [err] Rerr] TPP (ol )

- Physi cal properties -dass-transition 154 127

121 131 tenperature (O -Fl exural strength 12.9

12.3 1% damp1d 2 43 (Kgf/merr]) -Bend el astic const.

1450 1370 (Kgf/mierr]) -Boi | i ng wat er

0. 20 + 0.16 A melﬂiéng maOI:éJBJ.al for alwl¥r was(pfepared WBSde¢sstilfed ack

2 1 1 I nci dence/ 10) -Gel tine

5' 09" SR Bkampd'ebn, excéptathat a phenol<{dicycskepentadiené ngshiahtyper

-Torque start tsx 0' 24" 0' 25" 0' 28" 0' 25"

(m n, sec) of epoxgusesi ngrade(rm)e Epicrog'HP37200 ,0036nihon Ik Chem: 40"
- (mn, sec) -90% curi n 5' 22" 5'18" 6' 32" 6' 21"

(min, sBc) mxmgq@éﬁr@ﬁlﬁn 326 d)eﬁérw@@aq a8 A1 ePPRY/ XEFHiM; alBenekr] /5
mn (150 kg/c%r]) 185 [err] 8 hr

41 TabI daav t;m)(trade nam%,ﬁﬁGg(%m@owa Kobunglgi, hydroxy
20 - Mai n, i ngredi ent xi dati on

. r o Or 1. oONn ar ts (0]
product equyé%{) t°4 ?e‘?‘i Was ug?‘érars_] a curing QFP]t and 5Pe|v?fi‘<§ 1§(LC- 41
ey t M| ex XLC 4L 104
"1N9 25 B0 #ﬁ%s‘gﬁ% mol. & 169

aNX- 3.2 1
i The mater1§%8was pro'&é Ceﬁeedr asI %gscaélﬁted in Exan]gis il ftﬁ

) 10 C]égtéffﬁ’iﬁlng physical properties of a cured product and for a

crack test for a test semiconductor device. The results are
shown in Table 4.
'Exam e 15
Amolding material for a sealer was prepared as described
15  in Example 14, except that a phenol aralkyl resin (trade name:
Milex XLC-4L, Mitsui Chemical Inc., hydroxy equivalent: 169
g/eq) was used as a curing agent.
The material was processed as described in Example 14 for
determining physical properties of a cured product and for a
20 crack test for a test semiconductor device. The results are
shown in Table 4.
Example 16
A molding material for a sealer was prepared as described in
Example 14, except that a phenol-dicyclopentadiene resin (trade
25 name: DPR#5000, Mitsui Chemical Inc., hydroxy equivalent: 180
g/eq) was used as a curing agent.

The material was processed as described in Example 14 for



TPP" (nol) 0. 008 [err] [err] Physi cal

properties -G ass-transition 155 129 123 134
tenperature ([err] O -Fl exural strength 12.8 12.6 12.1
12.5 (Kgf /nmierr]) -Berf el astic const. 1380 1460
1350 1360 (Kgf/mmierr]) -Boi ling water 0. 20
0.18 0.14 0. 15 absorption (% -VPS test (crack 2
2 1 2 i nci dence/ 10) -Gel time 5' 59"
6' 12" 6'dStermBnPig physical propertsies of a Qured pxsdductorand forTar que
start tsx 0' 20" 021" 0' 33" 0' 25" (m n, sec)
-10% curi reFack (tegt for a ez’ sempiz®yndudtdyl "devix:€5" The results( are, sec)
-90% curing t'c(90) 6' 09" 6' 21" 9' 53" 7' 12" _
(min, sec) &F?thgl ofriPteohs: 150 (Jerr] 185[err] C/5nin, 185 [err] T/ 5nin
(150 g/cnfer rrl 185 C/ 8 hr 42

le 17 A nolding material for a sealer was prepared as

- Exanpl e 148%a

descri hed in le 1, except that a_ phenol -di cycl gpent.adi ene resin
type of ep&?‘gﬁgglﬁ paterLah £ar appealen was poeparedias REScrAkedhem |

roverar © o ReRRLR PR oSk 28, 4 SAuREnRL AR £l A S
P20 vas 0. BY5S" iy MhealE AR Jui IRAYGEL A st pmbed
Exanpl e 1-‘,;‘.9; ug&-éjsetgrgﬁﬂﬁ@ Pyystcal properties of a cured product and

for a
The material was processed as described in Example 14 for

10 determining physical properties of a cured product and for a
crack test for a test semiconductor.device. The results are
shown in Table 4.

A gel time for the resin composition before roll kneading
was 3'37" at 150 °C, which was unchanged after leaving it in

15 the atmosphere at room temperature for 10 days.

Comparative Examples 22 to 29

We attempted to prepare molding materials as described
in Examples 14 to 17 using undecylimidazole (C11%Z) (Comparative
Examples 22 to 25) or triphénylphosphine (TPP) (Comparative

20 Examples 26 to 29) as a curing agent, but the compositions
exhibited quite poor curing properties. Therefore, molding
materials for a sealer were prepared, increasing the amount of
the catalyst to 0.068 mol.

The materials were processed as described in the
25 corresponding example for determining physical properties of

a cured product and for a crack test for a test semiconductor



crack test for a test sem conductor device. The results are shown in
Tabl e 4. Exanpl e 15 A nolding material for a sealer was
prepared as described 15 in Exanple 14, except that a phenol aral kyl
resin (trade nane: M1l ex XLC 4L, M4 sui cneni cal I nc., hydroxy
equi val ent: 169 g/ eq) was used as a curing agent. The
mat eri al was processed as described in Exanple 14 for det er m ni ng
physi cal properties of a cured product and for a 20 crack test for a test
sem conduciBY188vi b 9t imestPx Lagh composikian vas deFermined in thgnpl e
16 A nmoldin ma}ﬁial for. a sealer was xgre ared as described in

ed

Exanpl e 14°3BRERY -t Tt -2 % IIFe kb & resin (trade 25 nane:
mo a cur ng agerfur ERERbre iy (Rt 50 kxBnElE 2d Shere ayBaptned in o
- E)é? (ranr) %en}ﬁﬁ‘i'%%{%% & zﬁs’iﬁl I %rpl)% Friphepylp hoSPRIRS RER BSEART gl?c%ring agegtack
T i ity Y s o T
as descri b@gys was determined as described in Example 17, to give a gel

time of more than 15 min, which apparently indicates

deterioration in curing catalyst activity.



in Exanpl e 14, except that a naphthol aralkyl resin (trade name:

aNx- 3.2, Mtsui Chem cal Inc., hydroxy equivalent: 218 g/eq) was used
as a curing agent. The material was processed as described in
Exanple 14 for 10 determ ni ng physical 4properties of a cured product and
for a crack test for a test sem conductor device. The results are
shown in Table 4. A gel tinme for the resin conposition before
rol | kneadi was 3' 37" at 150 [err]C, which was unchanged after

| eaving it F994+LenpeLaLuLe—LgL-éQ-dgFc
Conpar ative Xampleg 19¢ atft enpbed ko phepdre d! di[ng
materials as desebbhedon(wt pArExamyl es 14 to [17 using] undecyl| m dazolle
(Cl1z) (Compafa e anpres 22 to 25) or| triphenyl phosphi ne (TPR)
(Conparative |2 lExéHﬁF@El§8Eto 29)| as a curijng agent| but tHe
conposi tions Eptsaeni HRd/20t e pdor Q62 ng |pr A6R tiles.26lherlef @6
- ol di ng Tatet&ﬁbsaggﬁtg seal er |were prepared, incfeasing fthe anoynt of
the catalyst fo ngyg%éml ) T eq4materi al s were procgssed as
described in {the | cor respondi ng |exanpl'e fdr deternjning physi cal
properties of | Milex XhGuhloroduct gnd for a dradié2est for a ftest
seni conduct or DPR#5000 - - 44 180 deu ce.l A
gel tinme for eackngofppsition was dgterm_ned ijn the _ 218
~Accelerating agents
PZ0 (mol) 0.0035 -« -« -—
CllZ (mol) - - - -
TPP (mol) _ R - - -
Physical properties
~-Glass-transition 156 128 125 136
temperature(°C)
-Flexural strength 13.3 13.2 13.1 13.3
(Kgf/mm?)
-Bend elastic const. 1490 1580 1490 1500
(Kgf/mm?)
~-Boiling water 0.16 0.13 0.10 0.11
absorption (%)
-VPS test (crack 0 0 0 0
incidence/10)
~-Gel time 3'32" 3'24" 3'33" 3'37"
(min, sec)
Curing behavior
-Torque start tsx oros" 0'1i1- 0'21" 0'17"
(min,sec)
-10% curing t'c(10) 0'20" 0'21" | 0'32" | 0'23"
(min, sec)
-90% curing t'c(90) 2'14" 2'10" 2'49" 2'40"
(min,sec)

Curing conditions: 150 °C—185 °C/5min, 185 °C/5min (150 kg/cm?),
185 °C/8 hr



sanme way. The results are shown in Table 4. Furthernore, in

“Conpar ati ve Exanple 29 where a napht hol aral kyl resin and
tri phenyl phosphi ne were used as a curing agent 5 and a catal yst,
respectively, a gel time after |eaving%%r 10 days was determ ned as
described in Exanple 17, to give a gel time of nore than 15 min, which
apparently indicates deterioration in curing catalyst activity.
45 Tabl e 4 ontin le o 14 15 L 16 17
Proportio HAgEeth-ent Ept-cromHP=7206 262
262 262 2 20mp . E’@ﬂ&lﬁ) ageht s 5 25 104
DPR#5000 proportionMe Yertdy 4 180 16%x 3.2 -
- aNX- 3.
- -Main ingregdient -Acgel erating agents PZC>(mﬂ2
0. 0035 [ eEPfLcron #P+7208p ) 262 262 Tpp &bl )| 262 |
- Physi cal propgestimring agerﬁsass transi t i on 156 12% 125
136 t enpdr agwy b?ﬁ -Flexura ﬁggth - 3.3 _ 13. 2, 13.1
13.3 Kg nnkerr B nd elastif const. 14%0 1580
1490 1500 ex §E i err] - Boi | i rﬂgé]%at er ~ ~0.16
0.13 0.10 DGR$§000 absorptlon (% -  -NMPS+test| (ch&k -~ 0
0 0 ofix~3.2 nci dence/ 10) =Cel fine - oy a32"
3' 24" 3' 33" _ e . 1., $ec) Cufing behjavi or - Torqug start
t sx o dgAEHiprating aoddld b 17 i
PZO (mol) - - - -
C1]Z (mol) 0.008 - - -
TPP (mol) : - - - -
Physical properties _
-Glass-transition 151 125 122 133
temperature(°C)
-Flexural strength . 12.9 12.8 12.8 12.9
(Kgf/mm?)
-Bend elastic const. 1410 1470 1440 1450
(Kgf/mm?)
-Boiling water 0.20 0.15 0.15 0.16
absorption (%) _ .
~VPS test (crack 2 2 1 2
incidence/10)
-Gel time 452" 5'19" 5'28" 5742"
(min,sec)
Curing behavior
-Torque start tsx 0ra22" 0'25" 0'a2s5" 0'23"
(min,sec)
-10% curing t'c(10) 0'33" 0'34" 0'43" 0'41"
(min,sec)
-90% curing t'c(90) 5+'25" 5'31" 6'31" 6'28"
(min,sec)

Curing conditions: 150 °C—185 °C/5min, 185 °C/5min (150 kg/cm?),
185 °C/8 hr



(m n, sec) -10% curing t'c(10) 0' 20" 021" 0' 32" 0' 23"
{m n, sec) -90% curing t'c(90) 2' 14" 2' 10" 2' 49" 2' 40",
(mn,sec) Curingconditions: 150 C[err]185 [err]C/5mn, 185 [err]C 5mn (150
kg/cnferr]), 185 [err]C/8 hr 47 46 :
Tabl e 4 (continued) Conmp. Exanpl e 22 23 24
25 Proportion(w parts) - Mai n i ngredient Epi cron HP- 7200
262 zfgble 4 2 -Chrlng agents BRG#558
104 __ qu Fex—4-G4t 469
- - DS Example - 27 _ 28130 29 _
aNX- 3. 2 oportion(wt- parts 218 - Accel er atji ng
agents [ o4 ( ls A : : - Cliz
(ol ) (Bal?‘g_léggedlent err] [er|r] [lerr TPP (ol )
- Physi cal| pEBpEFeReBP-720¢ ass-ftrarkfidion 262 1962 262 122
- 133 t enper atomrd ngCrgentsF| exur al| strengt h. 12.9 12.8 12.8
12.9 gKe ggg{err]) - Bend astijc canst. _ 1410 _ 1470
1440 1450 li ékghlnn{err]) fﬂ4—BOI|In mater 0. 20
0.15 0.15| Mbley XL sorption (%9 =  -vP$®%est| (crack - 2
2 1 DPB#5000|nC|dence/10) --Cel| time 180 - 4' 52"
519" 5'28"1 «hkd2.2 min, secg) Cur i.ng Rhehaw or >1g0r que
start tsx - q 25" 0' 33" (min, sec) -10%
curing t'c(10) Acc@l%%agépg a gn§i" 0' 43" 0' 41" (mn, seq)
-90% curing {' cf38)(mol) 5 o5n g 31" 6'31" -6 48" - - (nmi|n, sec)
Curing condi §i 08312 168clerr]Clerr] 385 [err] C[5m rw, 185 [err] @ Sm-n (450
kg/cnierr]), | TPP (mol) ~'0.008 - - -—
Physical properties
~-Glass-transition 152 126 124 135
temperature(°C)
-Flexural strength 12.8 12.8 12.9 12.9
(Kgf/mm?)
-Bend elastic const. 1440 1550 1445 1450
(Kg£/mm?)
-Boiling water 0.21 0.17 0.16 0.15
absorption (%)
-VPS test (crack 2 2 1 1
incidence/10)
~-Gel time 5'13" 6'31" 6'59" 5'55"
(min,sec)
Curing behavior
~-Torque start tsx o'i7" 0ora21" 0'31" 0'29"
(min,sec)
-10% curing t'c(10) 0'29" 031" 0'46" 0'38"
(min,sec)
-90% curing t'c(90) 5'55" 6'22" | 9'45" | 7'04"
(min,sec)

Curing conditions: 150 C—*185°C/5m1n,185°C/5nu11(150kg/cm),

185

°c/8 hr



185 [err]C/8 hr - 47 Table 4

(conti nued) Conp. Exanpl e 26 27 28 29
Proportion(wt parts) -Mai n ingredient Epi cron HP-7200

262 262 262 262 -Curifrg agents. BRG#558

104 - - - Ml ex XLC 4L - 169
- DPR#5000 _ - 180 -

aNX- 3. 2 - 218 -Accel erating

agent s Ex_m@@_% ~ Cli1z (mol) TPP (nol)
0. 008 sical pro ert es
-d ass-t ran5| ti d-{]moldl[ng mlfggr.[L f!orﬁ@ea 1!: yas greggggcll as described

terrperature([ r 12.9

12. 9 i*@?nﬂe%ﬁpt fhaf.p8 hdsidationsProauce 35,8, 6- 1550

. :.0.21
(047 o dwviremeentABedyi i irdeopanet kLo lhPrepag, patninth”,
6 31" 61;5!8; Chqg&ss,,epé% g&&f@%i@\t: 1?0 G‘gJ/e r’@as %eﬁ%vagran epg]f%?que
start tsx coilbgouncﬁ) LYY %phgn%g%ov&lg’éxig; @@;%%g name: BRé#Bﬁeghowa -10%

curing t'c( n, sec)

O??:%)n;uglon%éﬁllugénlgp) hS%dr err %ueﬂ?%s%@[ elrorzﬁ9 IT)I rw:?aéigag, e[deF’=l rs 1< gurrn&gb? 1;80)
kg/ cni err ]agedBs [err]C/8 hr ;
The material was processed as described in Example 1 for
10 determining physical properties of a cured product and for a
crack test for a test semiconductor device. The results are
shown in Table 5.
Example 19
Amolding material for a sealer was prepared as described
15 in Example 18, except that a phenol aralkyl resin (trade name:
Milex XLC-4L, Mitsui Chemical Inc., hydroxy equivalent: 169
g/eq) was used as a curing agent.
The material was processed as described in Example 18 for
determining physical properties of a cured product and for a
20 crack test for a test semiconductor device. The results are
shown in Table 5.
Example 20
A molding material for a sealer was prepared as described in
Example 18, except that a phenol-dicyclopentadiene resin (trade

25 name: DPR#5000, Mitsui Chemical Inc., hydroxy equivalent: 180

g/eq) was used as a curing agent.



48 Exanpl e 18 A nol ding material for a sealer was
prepared as descri bed I n Exanpl e 1, except that an epoxidation product
of 1,6- di hydr oxynapht hal ene (trade nane: Epicron HP-4032, Dai ni hon

5 I nk Chem, epoxy equivalent: 150 g/eqﬂgmas used as an epoxy

conpound; and a phenol novolac resin (trade name: BRG#558, Showa

Kobunshi, hydroxy equivalent: 104 g/eq) was used as a curing agent.
The material was processed as described in Exanple 1 for 10 determning
physi cal propert I8¢ Baterial staspprdcessed@sf desaribed in EzRmpdst 18dfor t est
sem conductor device. The results are shown in_ Table 5. Exanpl e
19 detexmiglidig, phygisalaproperiissaptra eired arodurtandsior ed 15
in Exanpl e 18, .except that a ghenol_aralkyl resin, (trade nane: M | ex
XLG 4L, M CEgekoh&sitcrT acteshygeBigorductar Hrvidgo The rgsudtsareised
as a curin%P% ent.. The material was processed as described in

- Exanpl e 18 n in Q$§%§w%Tnng physi cal properties of a cured product and

for a go E%%ﬁﬁgénﬁf for a test sem conductor device. The results are

shown in T ) ~Exanpl e 20 A nmol ding material for a sealer was
henol -di cycl opent Rt 418 pater TARGE = BeathE s BBbalon 23 dcssr Bt ca
Inc., hydrayyeg&ipY81®) exd&ft that a naphthol aralkyl resin (trade name:
aNX-3.2, Mitsui Chemical Inc., hydroxy equivalent: 218 g/eq)
was used as a curing agent.

10 The material was processed as described in Example 18 for
determining physical properties of a cured prodﬁct and for a
crack test for a test semiconductor device. The results are
shown in Table 5.

A gel time for the resin composition before roll kneading

15 was 3'18" at 150 °C, which was unchanged after leaving it in
the atmosphere at room temperature for 10 days.

Comparétive Examples 30 to 37
We attempted to prepare molding materials as described
in Examples 18 to 21 using undécylimidazole (C11Z) (Comparative

20 Examples 30 to 33) or triphenylphosphine (TPP) (Comparative
Examples 34 to 37) as a curing agent, but the compositions
exhibited quite poor curing properties. Therefore, molding
materials for a sealer were prepared, increasing the amount of
the catalyst to 0.008 mol.

25 The materials were processed as described in the

corresponding example for determining physical properties of



g/ eq) was used as a curing agent.

49 The material was processed as described in Exanple 18 for
determ ni ng physical properties of a cured product and for a crack
test for a test sem conductor device. The results are shown in Table
5. 5 Exanple 21 A nDIdinaonateriaI for a sealer was prepared
as descri bed in Exanpl e 18, except that a naphthol aral kyl resin
(trade nane: aNX-3.2, Mtsui Chem cal Inc., hydroxy equivalent: 218
g/ eq) was used as a curing agent. 10 The material was

pr ocessed3aSugedcPraduCct nals QX & Traqk test fogemeERfhi SRMiPQRIUGHOr
properties of a cured product and for a crack test faor a test

sem conduf€¥icevi Bege ﬁeu‘}ﬁaﬁ?lrt gaghecompos ikhayWas dehigraiined in the A

gel tinme for the reS| ition before roll ing 15 was 3'18", at
150 [err]éamﬁhw@ﬂ'wag EEHZEH SFFEF%P@@VHHQQQP %fl- t he atnDsphere at

- room t enper at ur

Ve att empt ed to?‘afibglo%ay AR P EP R LT SN TELE | D ghere A hikhthol os 15
i pneyl Badiiinet AR Enirariphs8PRER etk uéda ARG Wringiiudly 7
agent, b“%nhhﬁ EQERPF5L! OPSspectively, a gel time after leaving for 10

days was determined as described in Example 21, to give a gel

time of more than 15 min, which apparently indicates

deterioration in curing catalyst activity.



ethbited qui te poor curing properties. Therefore, nolding

for a sealer

0.008 nol. 2

correspondi ng exanple for determ ning

wer e prepared,
5

Bhysi cal

I ncreasing the anount of
The materials were processed as described in the
properties of

mat er

ials

the catalyst to

50 a cured product and for a crack test for a test sem conductor
device. A gel tinme for each conposition was determned in the sane way.
The result & shown in Table 5. _Furthernore, in Conparative
Exanpl e 3;E%%%F§=a—ﬁgfhfho+——5——ar3rky1 +est—ant—trphenytphosphinewer e
used as a cuning agediXamplennd a catal vi®8  rdspeb?ivdly gel t3he after
| eaving for 3@®ropo WHAS ghmned as degcribed iln Exanplle 21, t¢ give
87 A o e el
51 Tabl e § Epicron HPE4@RAP| e 150 |18150 | 1450 360 21
. Proportion(w]| qoardinyg agents
BRG#558 104 - - -
Milex XLC-4L - 169 - -
DPR#5000 - - 180 -
aNX-3.2 - - - 218
~Accelerating agents
PZO (mol) 0.0035 - - -«
CllZ (mol) - - - -
TPP (mol) - - - -
Physical properties
~Glass-transition 148 136 131 145
temperature(°C)
-Flexural strength 13.8 13.2 13.0 13.1
(Kgf/mm?)
-Bend elastic const. 1550 1610 1540 1580
(Kgf/mm?)
-Boiling water 0.15 0.14 0.10 0.11
absorption (%)
-VPS test (crack 0 0 0 0
incidence/10)
-Gel time 3'16" 3'31" 3'35" 3+18"
(min, sec)
Curing behavior
-Torque start tsx oros" 0*'10" 0orig~ 0'13"
(min, sec)
-10% curing t'c(10) 0rig" 0'21" 0'29" 0r'22"
(min,sec)
-90% curing t'c(90) 2'11" 2'10" 2'51" 2'32"
{(min,sec)

Curing conditions: 150 °C—185 °C/5min, 185 °C/5min (150 kg/cm?),

185

°c/8 hr



-Nﬁin I ngredi ent Epi cron HP-4032 150 150 150

~150 -Curing agents BRG#558 104 - -
- M1l ex XLC 4L - 169 - -
DPR#5000 - - 32 180 ' - aNX- 3. 2
- - 218 -Accel erating agents PZO (nol)
0. 0035 [err] [err] [err] Cl1z (nol)
- ) - _ Physi cal
propertieTab = = fﬁhé o +48 136 pxspn 5
t enper at ur e Co lestrenpth 30 3 B2 2 330
13.1 P ! fd Joartsy BEnd el asti ¢ const. 1550 1610
1540 1580 Main i err] -Boi | i ng wat ¢r 0.5
0.14 0.10| ~"4dM £n9 orptipn (% -VPS test (crack 0
0 0 Epdcron HPrA@Bdence/ 10) 150 -Gpl ihfe | 50 150 3j 16",
. 3"31" 3' 35"l -cRirlihg agents (m n| sec) Curi ng behavi or - Torpue
start tsx 508" 0' 10" B'l8i04 0' 13" _ _ (mn, sec)
-10% curing t|' c(1 ‘18" ‘21 0' po" 0'&2"
(mn, sec) - YpdpEuKPRgdl: c(90) 211" 169101 <2's51f 2 32
(m n, sec) Curi nDeR#BDODONSs: 150 Clefr] 185 [ery] C/Bnmin| 1B8O[efr] G-5m h (150
kg/cnferr]), |18gnkes b/ 8 hr - - - 218 5P
Tabl e 5 (cont|i nued . Conp. . Ekanpl e 30 B1 32
33 Propoﬂf?%ﬁ@%ﬁﬁ&%ﬁﬂ% agégiﬁkin i ngr edi ent Epi cron HP- 4032
150 150| PZ01%wmol) 150 -furing agefts = BRG#558 -
104 - C1}Z- (mol) - M ex.08 4L <« - - 169
: - | eBB#5AGY, e - -sb -
Physical properties
~Glass-transition 146 135 130 143
temperature(°C)
~Flexural strength 13.7 13.0 13.2 13.1
(Kgf/mm?)
-Bend elastic const. 1540 1600 1510 1570
(Kgf/mm’)
-Boiling water 0.20 0.15 0.14 0.15
absorption (%)
-VPS test (crack 2 1 1 -1
incidence/10)
-Gel time _ 4'55" 5'09" 5'32" 5'35"
(min,sec)
Curing behavior
~Torque start tsx 0r25" 0ra29" 0'29" 0r'28"
(min,sec)
-10% curing t'c(10) 0'35" 0'39" | 0'41" | 0'39"
(min,sec)
-90% curing t'c(90) 5154 5'58" | 6'29" | 6'21"
(min,sec)

Curing conditions: 150 °C~>185 °C/5min, 185 °C/5min (150 kg/cm’),
185 °C/8 hr



aNX- 3. 2 - - 218 -Accel erating

ragents PZO (nol) - - Cl1z
(mol) 0. 008 [%rr] [err] [err] TPP
(mol) - 3 - Physi cal properties
-dass-transition : 146 135 130 143 t enperature
(O -Fl exural strength 13.7 13.0 13.2 13.1
(Kaf /' mi ergddpie 5 i hég}i c const. 1540 1600 1510 1570
(Kgf/ mfierr = rer .Zg' u3é5" 0,12 0.15
absorption (¢ Compc B (@1 ack 34 235 1
1 i nci denerick®ion (wt Gertd yre 455" [5'09" |5 32"
5' 35" _mMdiH N . .qcuring behavi or -Tdrque stgrt tsx
0' 25" 029" énin,sec 0@6curh$ "c(10)
0' 35" 0' 39", Epgcxen HPg4fg2 15¢ pi n| sy? léé’% duri % t'fc(90)
- 5' 54" 5' 5§"-Cuiiigp agerEL. 1" (m nf sec) Cdringconditions: [150
Clerr] 185 [qrrpresbl 185 [err] C pminy§450 rg/c.rr{err]),_ 1895 [er_r] C/8 hr
53 Table § ( tin ) Cpnp. Exanp| e 34
36 37 &ﬁg #?‘g: Hﬁt parts) “Mainf i n]géredl ent Epi cron
HP- 4032 DEMSOOO 150 160 - 150 curi Ad%aggnt s -
BRG#558 aNxX-3.2 104 - - - - -M | gx 218 44
180 169 -Aﬁwsleratlng agenﬂgDR¢5000 ) 21é
-Accel erati ng aggﬁt émol) PZO (m)l ) - - - ~
- C11Z (rfol $11Z (mol) -- - - -- FPP (|nol )
0. 008 [embp (mol)[err] [erods Pkysi dal propdrties
Physical properties
-Glass-transition 147 134 131 143
temperature(°C) '
-Flexural strength 12.7 11.9 12.1 12.0
(Rgf/mm?®)
~Bend elastic const. 1515 1565 1490 1560
(Kg£f/mm?)
-Boiling water 0.22 0.16 0.15 0.16
absorption (%)
-VPS test (crack 2 1 1 1
incidence/10)
-Gel time 5'45" 6'29" 6'59" 6'09"
(min,sec)
Curing behavior
-Torque start tsx 0'29" 0'26" 0'38" 0'30"
(min,sec)
~10% curing t'c(10) 0'41" 0'51” 0'59" 0's2"
(min,sec)
-90% curing t'c(90) 6'09" 6'45" | 9'45" | 7'11"
(min,sec)

Curing conditions: 150 °C~>185°C/5min, 185 °C/5min (150 kg/cm?),
185 °C/8 hr



-dass-transition 147 134 131 143 tenperature(QC

“-Fl exural strength 12.7 11.9 12.1 . 12.0
(Kgf/mjerr]) -Bend el astic const. 54 1515 1565 1490 1560
(Kgf /mmierr]) -Boi I i ng wat er 0.22 0. 16 0.15 0. 16
absorption (% -VPS test (crack 2 1 1 1
i nci dence/ 10) -Cel time 5' 45" 6' 29", 6' 59" 6' 09"
(m n, sec) & ngp behavi or -Torque start tsx 0' 29" 0' 26"
0' 38" 0} (m n, sec) -10% curing t'c(10) 041"
0' 51" 0'59" HXNmb2ding material o, aeBaler was‘prepangdtdsdedyribed 6' 09"
6' 45" 9' 45" 7' 11" (mn,sec) Curingconditions: 150
C[ err] 185G MAxamplas 1[,cexteptnimat ﬁwm@mbblmxbmﬂny ®fhepoxy
Exanpl e 22 A nmol ding material for a sealer was
prepar ed agesitsditirede name: YX4©004npepoxy egwialent: 184 af edintas/ useghenyl
- type of epoxy resin (trade_nanme: YX4000, epoxy equivalent: 184 g/eq)

was us8d as aR eRPEHIESS Mbsignd @@@f}ﬂ’krﬁﬂ’vm‘élﬁ%s?»és(ﬁréﬁlﬁaﬂémﬁama

BRG#558, Sho Kobunshi ,_ hydr ox uivalent:, 104 g/ eq) a
curing agehRG#558, Showa KW#EF@QF“’MS‘*%‘%%@%%&H'gso"dgzeﬁi)ﬂ%s Pﬁeéxarrpl e

1 for determ ni ngas£?#15| cal properties of a cured product and for a 10
crack test3§dt FPEEY Yonduct or device. The results are shown in
Tabl e 6.

The material was processed as described in Example 1 for
determining physical properties of a cured product and for a
10 crack te;t for a test semiconductor device. The results are

shown in Table 6.
Example 23

A molding material for a sealer was prepared as described

in Example 22, except that a phenol aralkyl resih (trade name:
15 Milex XLC-4L, Mitsui Chemical Inc., hydroxy equivalent: 168
g/eq) was used as a curing agent.

The material was processed as described in Example 22 for
determining physical properties of a cured product and for a
crack test for a test semiconductor device. The results are

20 shown in Table 6.
Example 24
A molding material for a sealer was prepared as described in
Example 22, except that a phenol-dicyclopentadiene resin (trade
name: DPR#5000, Mitsui Chemical Inc., hydroxy equivalent: 178
25 g/eq) was used as a curing agent.
The material was processed as described in Example 22 for

determining physical properties of a cured product and for a



Exanpl e 23 A mol ding material for a sealer was prepared as
~descri bed I n Exanpl e 22, except that a phenol aral kyl resin (trade
nane: 15 Mlex XLC-4L, Mtsui Chemical Inc., hydroxy equival ent: 168

g/ eq) was used as a curing agent. 55 The material was processed as
described in Exanple 22 for determ ni ng physical properties of a cured
product and for a crack test for a test sem conductor device. The
results are 20 shown in Table 6. Exanpl e 24 A nol di ng nmateri al
for a sealaracksgateford desdtesemibenductor degigepl cIlPQ reswtldyn aneat a
phenol - di cycl opent adi ene resin (trade nanme: DPR#5000, M tsui Chem cal
| nc., hydrahowredgin \Bakske 6478 25 g/eq) was used as a curing agent.

The material was processed as described in Exanple 22 for determ ni ng
physi cal BxamRieddd of a cured product and for a

55 crack test for a test sem conductor device. The results are
. shown in Tabl e @ moldingmaterisk for a sealer Kaﬁﬂqﬁﬂﬂ}'%?ﬁﬂ%ﬂcrﬂﬂeda

A S R A AL T BRI NS
equi val entamg_]:?_ 29, Wtsui Chemical Inc., hydroxy equivalent: 213 g/eq)
was used as a curing agent.

The material was processed as described in Example 22 for
determining physical propert}es of a cured product and for a

10 crack test for a test semiconductor device. The results are
shown in Table 6. .

A gel time for the resin was unchanged after leaving it
in the atmosphefe at room temperature for 10 days.
Comparative Examples 38 to 45 _

15 Molding materials for a sealer were prepared as described
in Examples 22 to 25, except that triphenylphosphine (TPP)
(Comparative Examples 38 to 41) or é-methylimidazole (Shikoku
Fine Chemical; 2MZ) (Comparative Examples 42 to 45) was used
as a curing agent. |

20 The materials were processed as described in the
corresponding example for determining physical properties of
a cured product and for a crack test for a test semiconductor
device. The results are shown in Table 6.

A gel time for the composition in Comparative Example 41

25 was determined as described in Example 25. It was more than

15 min, apparently indicating deterioration in curing catalyst



was used as a curing agent. —The nmaterrar—was processed as
described in Exanple 22 for determ ni ng physical properties of a cured
product and for a 10 crack test for a test sem conductor device. The
results are shown in Table 6. 56 A gel tine for the resin was
unchanged after leaving it in the atnosphere at roomtenperature for
10 days. Conparative Exanples 38 to 45 15 ' Mol ding material s
for a sealer were prepared as descri bed in Exanples 22 to 25, except
that tri phafyLpht¥phi ne (TPP) (Conpar ative Exanples 38 to 41) or
2-met hyl i m dazol e ( Shi koku Fi ne Chem cal; 2MZ) (Conparative Exanples
42 to 45) was used as a curing agent. 20 The materials were
processed as described in the correspondi ng exanple for determ ning
physi cal properties of a cured product and for a crack test for a test
sem conduct or device. The results are shown in Table 6. A
-gel time for the conposition in Conparative Exanple 41 25 was determ ned
as described in Exanple 25. It was nore than 15 mn, apparently
indicating deterioration in curing catalyst

56 activity.



57 Table 6 Exanpl e 22 23 24 25
‘Proportion(w parts) - Mai n i ngredient YX4000H 184
~-Curing agents BRG#558 104 - - -
Mlex XLC 4L - 168 57 - - DPR#5000
- - 178 - aNX- 3. 2 - - -
213 -Accel erating agents PZO (Mol) 0. 004 [err]
[err] [err] TPP (nol) - - - 2MZ (ol ) L
Physi cal [Ralpkei es -d ass-transition 144 125 123
138 tenperature( G 172 ! 2.4
158 —ckiimple  olea 22 et~ 24654251400
1620 1610 | Broportio ] -Boi}ing mater 0. 08
0. 09 0. 10| -Ma@nlAngreddkaas ption| (%) -\MPS test| (crack 0
0 0 nci dence/ 10) |t me 5, 23"
-5'18" 5' 35 SX 990h (mn, sec)léjf }lné_behavig? -Torque start
t sX 1-(7Curlng fgents;' 15 1' 12" (nin, sec) -10% quri ng
t'c(10) 1' 2BRG#558' 23", 1'49" 1' B4 - (jm nsec) - 90%
curing t'c(90) mile® giC-41 2' 38" 3'11"  2'B2"¢g - (mijn, sec)
Curingconditifo ﬁP %gg é:[err] 185 [ery] C 5m n, 18&6[err] C/5r§i n
(150kg/ cnf er ] R E rr]C/ 8 hr - - 17 = 58
aN -3 - - 213
~-Accelerating agents
PZO (mol) 0.004 - - -
TPP* (mol) - - - -
2MZ (mol) - - - -
Physical properties :
-Glass-transition 144 125 123 138
temperature(°C)
-Flexural strength 12.2 12.4 12.4 12.6
(Kgf/mm?)
-Bend elastic const. 1650 1640 1620 1610
(Kgf/mm?) :
-Boiling water 0.08 0.09 0.10 0.12
absorption (%)
-VPS test (crack 0 0 0 0
incidence/10)
~Gel time 5'23" 5'18" 5'35" | 5'11"
(min,sec)
Curing behavior
-Torque start tsx 1'07" 1'10" 1'15" 112"
(min,sec)
-10% curing t'c(10) 125" 1'23" 1149" 1132
(min,sec)
-90% curing t'c(90) 2'41" 2'38" 3'11" 2'52"
(min,sec)

Curingconditions: 150 °C—185 °C/5min, 185 °C/5min (150 kg/cm?),

185

°c/8 hr



.2

Tabl e 6 (conti nued) Conmp. Exanpl e 38 39 40
~41 Proportion(w parts) - Mai n i ngredient YX4000H
184 [err] -Curing agents BRG#558 . 104 -
- - M1l ex XLC 4L - 58 - 168 - -
DPR#5000 - - 178 - aNXx- 3. 2
- - - 213 -Accel erating agents PZO (nol)
- i a TPP (nol) 0. 015 [err]
[err] contin
Physi cal propertiesomp. ExﬁggbetranLiti@@ 39 ;2;4740 o2 41 jos
115 te”pefﬁiéﬁékﬁi§§£&£3$a§ts[F exural stfpength 14. 8 12. 8
12.2 12. 4 Ma in i g err] -Ben(d el astijc const. 1560
1540 1550 | “M3Epptngredient " ot mierr]) - Boill i ng watler
0.08 0.09 YX#OO®H 0.10 absorp84on (% < |- VPStedt (€rack
1 ~Curing agentls i ncj dence/ 10) -Ggl time .
4' 28" 4" 39", pibass 4' 28" fmni sec) Curi ng |behavi or
BR 8 o b 104 ., ob. o = =
-Torque startf tsX 0' 25 29 0'2p 0' 28 (min, sec)
-10% curi ng t{ cMidex XLC-4% 35" ' 39"~ 01168 030" - -
(mn, sec) - PPRAGOONG t' c(90) 6' 54" 6' 58" 18 29" ~7' 21"
(mn,sec) Curlingaganrdidions: 150 [e r]CIgrr]lBS[err]C(SnLn, 185 ofyeyr r [{C/ 5mi n
(150kg/ cnferrf) 185 ng.hr ‘ 59 .
Tabl e 6 (cont]i TRgIerating RgeRES siamp e 42 43 44
45 Pr opor|t i &0t (mednt s) - - - -
TPP (mol) 0.015 - - -
2MZ (mol) L= - - -
Physical properties .
~-Glass~transition 122 102 106 115
temperature(°C)
-Flexural strength 12.8 12.8 12.2 12.4
(Kgf/mm?®)
~-Bend elastic const. 1560 1540 1550 1540
(Kgf/mm?)
~-Boiling water 0.08 0.09 0.10 0.10
absorption (%)
-VPS test (crack 2 1 1 1
incidence/10)
-Gel time 428" 4'39" 4'23" 4°28"
(min,sec)
Curing behavior
-Torque start tsx 0'25" 0'29" 0'a29" 0ras"
(min, sec)
~10% curing t'c(10) 0'35" 0'39" | 0'41" | 0'39"
(min, sec)
-90% curing t'c(90) 6'54" 6'58" | 9'29" | 7'21"
(min, sec)

Curing conditions: 150 °C—>185°C/5min, 185 °C/5min (150 kg/cm?®),

185 °c/8 hr



-Nﬁin I ngredi ent YX4000H 184 [err] [err]
“[err] -Curing agents BRG#558 104
- M1l ex XLC 4L - 167 - - DPR#5000
- - 178 - aNXx- 352 -
- 213 -Accel erating agents PZO (nol) -
- TPP (ol ) 2NZ (nDI) 0. 015 [err] [err]
err cal " -G ass-transition 123 104
507 ] 1% fé go éf Lﬂrr}C“ H-eper-at—sty-ength 3. 4
0 12.6 12. 3 1Comp. Examiﬁ[e Kafy nmf 82r1) 43p efdstilc c#Bst
1520 1514 pro on(woMarts (Kaf/jrmierr]) -Bdi | i ng wqt er
0.13 0. 12 Ma s : sorption }(%99 VPS tedt (crack
2 1 |—Hain ngrediep i nici dence/ 10) tinme
4' 42" 4' 41" YX4099H 4' 45" 184vi n,i{secy Cur *ng Keha¥t or
- -Torque start| iciring agerts?9" of 26" 0' 38" (min, sec)
-10%curing t|' c 558 0' 41" 0'51"104 0' 59" _ (min, sec)
-90% curing tf' c(9 6' 09" 6 45" 9' 45" 7' (mfn, sec)
Curi ngcondi t ijon¥11€X%0XECefAE] 85 [err| ¢/ 5min, 185 1[%7rr] C/ 5 n (150'
kg/cmerr]), | 18PRESOOPC/ 8 hr - 178 60
As descri bed |W {Jyxtaf erence to exanples in detaH_ - epoxyresi|n
conposition (f th| dention conprfising a phosphi ne oxilde as an
essenti al acqé'lpecr t%i'd%ta eﬁl% viery gmal | amojunt can fexhi bit [curing
per f or mance eun@QIéﬁPlﬂo t hat - - - -
TPR (mol) - - - -
2MZ (mol) '0.015 -— -~ -
Physical properties -
-Glass-transition 123 104 107 116
temperature(°C)
-Flexural strength 12.4 12.6 12.3 12.4
(Kgf/mm’)
~-Bend elastic const. 1520 1510 1550 1530
(Rgf/mm?)
-Boiling water 0.13 0.12 0.10 0.09
absorption (%)
-VPS test (crack 2 1 1 1
incidence/10)
-Gel time 442" 4'41" | 4'37" | 4'45"
(min,sec)
Curing behavior
~-Torque start tsx 0r29" 0'26" | 0'38" | 0'30"
(min,sec)
-10% curing t'c(10) 0'41" 0'51" 0'59" 0'52"
(min,sec)
-90% curing t'c(90) 6'09" 6'45" | 9'45" | 7'11”
(min,sec)

Curing conditions: 150 °C—185°C/5min, 185 °C/5Smin (150 kg/cm?),

185 °c/8 hr



5 froma correspondi ng conposition conprising a conventional catal yst,

“triphenyl phosphine. Its curing behavior is characterized in a reduced
time for conplete curing, which is significantly advantageous in ternmns
of industrial workability. I n addéDi on, it has been found that since
havi ng good physical 10 properties such as heat resistance and
flexibility, the conposition of this invention has excellent crack
resi stance whi | e havi ng hygroscopicity conparable to a conventi onal

conposi tion. As described REhafedwitd I @xampl@s Hel detad 19f aturi ng
agent, 15 triphenyl phosphine gradually loses its catalyst activity due

t 0 oxi dat iepoxysrdsim qumpsqEitomoflechisedinvernthion icomprtisimg a i s not

subj ect to oxidation and thus can exhibit good storage stability,

whi ch i s whosphiventajelruast an essentialr aabeleratéipgl agantoin a very

61 What is clainmed is: 1. An epoxy-resin conposition

. conpri si ngmadl amoynt| eartexhibithrhyingi perforpange egivalenintp dihath at

| east bi functional epoxy resin, (B) a curing agent, and (C) an

accel ef at ifRPTh e ROTrespondidicy GAURGS ¥R ARINT HEihid ARVEREONT ng a

phosphi ne OX|de represented hy general fornula (1); .[err,
atalyst, triphenylphosphine. Its curing behavior i

characterized in a reduced time for complete curing, which is
significantly advantageous in terms of industrial workability.
In addition, it has been found that since having good physical
10 properties such as heat resistance and flexibility, the
composition of this invention has excellent craék resistance
while having hygroscopicity comparable to a conventional
composition.
Furthermore, when using a naphthol type of curing agent,
15 triphenylphosphine gradually loses its catalyst activity due
to oxidation, while a phosphine oxide used in this invention
is not subject to oxidation and thus can exhibit good storage
stability, which is very advantageous for an industrial

application.



where R err] to Rlerr] all of which may be the sane or not are

~hydrogen, straight, branched or cyclic alkyl having 1 to 10 15 carbons or
aryl or aral kyl having 6 to 10 car bons6 2. An epoxy-resin
conposition as clainmed in Caiml where1 (B) the curing agent is an at
| east bifunctional phenol conpound and/or an at |east bifunctional
.phenol resin. 3. An epoxy-resin conposition as clainmed in daim
2 where he. at,]east bifunctional epoxy conpound and/or the at |east

bi f unct i ovﬁg# ejp%xél‘%lég?‘% 1%% sel ected fronmanepoxyr esi nderi ved froma

i nydr oxynapht hel scep8RLeREON AL MpOENELah ALk n) gn 2 BeBBEXY

resin derived froma enol “repr ornmula

epoxy re%&ﬂfeﬁﬁé%gfai;ﬂa%%%g§a@%é&n&yaﬁd9$rrsﬁiat géasgegﬁfﬁﬁﬁiignﬁﬁyl

general formula sin derived from enol aral

resin repdEsenhREd iy, 98Ye *urfidigiyant?)alqc) an accelerating agent,
. 62 an epoxy resin derived frdoma phenol -di cycl opent adi éne"resin

r epr esentige By ceaeealingiJeh@ es€kentially containing a phosphine oxide

represented by general formula (1);

R R
N
I Rs '
0=P4— N=P-N( (1)
10 | 111 Re -
Ri "Rs /3

where R, to R, all of which may be the same or 1_'10t are
hydrogen, straight, branched or cyclic alkyl having 1 to 10
15 carbons or aryl or aralkyl having 6 to 10 carbons.
2. An epoxy-resin composition as c;aimed in Claim 1 where
(B) the curing agent is an at least bifunctional phenol compound
and/or an at least bifunctional phenol resin.
3. An epoxy-resin composition as claimed in Claim 2 where
20 the at least bifunc;ional epoxy compound and/or the at least
bifunctional epoxy resin is selected from an epoxy resin derived
from a dihydroxynaphthalene represented by general formula .( 2),
an epoxy resin derived from a biphenol represented by general
formula (3), an epoxy resin derived from a novolac type of resin
25 represented by general formula (4), an epoxy resin derived from

a phenol aralkyl resin represented by general formula (5) and

—
————

0 lﬂlﬁ



[err] where the ring is substituted with 2, 3-epoxypropyl
groups 10 at 1, 5-, 1,6-, 1,7-, 2,6- or 2,7-positions [err]

63 [err] . where Rlerr] all_ of which may be the same or not is
hydrogen or methyl; Rerr] is hydrogé® nethyl or ethyl; Rerr] is

hal ogen, hydroxyl, straight, branched or cyclic alkyl having 1 to 10
carbons, al koxy having 1 to 10 carbons or phenyl; ms an integer of 0 to
3; and nis an integer of 0 to 100, provided that an average of nis 0 to

15; am epoxn nestiegderdifived tforo0@, pheavildddcybdppantadéengeresip is 0
to 50; g is an integer of 0 to 50, provided that an average of g is O to
15. repregenrik\by egemexahpbormuba 6)elained in aim2 or 3 where

the at |east bifunctional phenol conpound and/or an at |east bifunctional
phenol resin is selected froma novol ac type

AL

; 0~CH, (H—LHs
CHe —CHCH, -0

\0/

where the ring is substituted with 2, 3-epoxyp£:opy1 groups

10 at 1, 5-, 1,6-, 1,7-, 2,6- or 2,7-positions

=4 @ @ O-CHzCH—CHz @

15
N N
CHz "'CHCH:'O CHz—' zCH.“Cﬂz
W
" 20 : 1/
AN /0\ AN
0-CH L, C-CHCE-th  Cl—tRom0
CH @Cﬂz CH ‘@'Cﬂz (5)
25 - P
(Re)n (Re)m (R

Hllllll HIIH ] Hlll I



of resin represented by general fornmula (7), a phenol aralkyl resin

represented by general formula (8), a phenol- dicyclopentadiene resin:
represented by general fornmula (9) or _a naphthel aral kyl resin represented
by general fornula (10); [err] - 63 ' 64
[err] 10 where R err] is hydroge met hyl or
ethyl; Rerr] hsohalogen /d}droxy, strai ght, branched cyclic alkyl
having 1 to 10CH:—CHCH ing 1 to 10 carfbGhel-oblphenyl ;mis

an integer 15 of O to nunber is an

I nt eger of O0to | I ndi cating a

repeati ng unit n!g k &) 00 se average is O to

50. g is. an integer of 0 fo 50, "provide hat an erage of
Re)m Rs)m C&Rn n &\S

where R, all of which may be the same or not is hydrogen
or methyl; R, is hydrogen, methyl or ethyl; R, is halogen,
hydroxyl, straight, branched or cyclic alkyl having 1 to 10
carbons, alkoxy having 1 to 10 carbons or phenyl; m is an integer
of 0 to 3; and n is an integer of 0 to 100, provided that an
average of n is 0 to 15;

p is an integer of 0 to 100, provided that an average of

'p is 0 to 50; g is an integer of 0 to 30, provided that an

average of g is 0 to 15.

4. An epoxy-resin composition as claimed in Claim 2 or
3 where the at least bifunctional phenol compound and/or an at
least bifunctional phenol resin ié selecte;i from a novolac type
of resin represented by general formula (7), a phenol aralkyl
resin represented by general formula (8), a phenol-
dicyclopentadiene resin represented by general formula (9) or
a naphthol aralkyl resin represented by general formula (10);

Ve

}

OH 1l OH
4 CH, A A CH, ' (D)
N W /y -
Rs -~ Re Rs
OH 0H
Hz"@‘(}la CHz‘@'CHz
p
Re)m Redm Rom  (8)
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gis 0 to 15; provided when anaverage of repeating nunber is 20 zero,

the formula represents a bisphenol conmpound or a "bi snapht hol
conpound. 5. An epoxy-resin conposition as clainmed in any of
Cl ai s 2 to 4 conprising (D) an organic and/or inorganic filler in the
20 range of 100 to 1900 parts by wei ghtggper 100 parts by wei ght of
(A) +(B). 6. An epoxy-resin cured product prepared by heat curing

of the epoxy-resin conposition as clained in Caimb5. .
sem conduct or devi ce manufactured by sealing a 25 sem conductor integrated
circuit using the e§joxy-resin nposition as ainmed in Caimb5.

65 8. A cresin si 40N compA{sing (A an at | east
bi functi onal epox ' i{n) TBI i ng agexg) - and (O
an accel erating ady t 0)/ gL A td 5

t'c(90)/t' c(10) i8 .5 whefein t9c(10) an t'c(90) are 5 tines
for 10 % and 90 @Eobﬂ t he maxi rmnGRt)nque determ mby nmeasuring the
curing behavior of the epoxy-resin conposition with a curel ast onet er
at 175 [err]C respegfi vely. 9,(gAN epox -reS| n os[? i on as
clainmed in C B{f‘@' ora‘:y c fill.er
in the range % wei ght of
(A +(B). 10 An epoxy- res n Cure ﬁrodu prepa e y heat
car i ng (10)

10

where R, is hydrogen, methyl or ethyl; R, is halogen,
hydroxy, straight, branched or cyclic alkyl ha;ring 1 to 10
carbons, alkoxy having 1 to 10 carbons or phenyl; m is an integer
15 of 0 to 3; n indicating a repeating .unit number is an integer
of 0 to 100 whose average is 0 to 15; aﬁdf_: indicating a repeating
unit number is an integer of 0 to 100 whose average is 0 to 50.
g is an integer of 0 to 50, provided that an average of

q is 0 to 15; provided when anaverage of repeating number is

20 zero, the formula represents a bisphenol compound or a

bisnaphthol compound. e
)

5. An epoxy-resin composition as claimed in any of Claims
2 to 4 comprising (D) an organic and/or inorganic filler in the
20 range of 100 to 1900 parts by weight per 100 parts by weight
of (A)+(B).
6. An epoxy-resin cured product prepared by heat curing
of the epoxy-resin composition as claimed in Claim 5.
7. A semiconductor device manufactured by sealing a

25 semiconductor integrated circuit using the epoxy-resin

O

composition as claimed in Claim 5.



of the epoxy-resin conposition as clained in CCaim8 or 9. 11.
-sem conduct or devi ce manufactured by sealing a sem conduct or
integrated circuit using the epoxy-resin 15 conposition as clained in

Cl ai m 9. 65

8. An epoxy-resin composition comprising (A) an at least
bifunctional epoxy-compound or epoxy resin, (B) a curing agent
and (C) an accelerating agent, in which t’c(90) is 1 to 5 min
and t’c(90)/t’c(10) is 1.5 to 7.5 wherein t'c(10) and t'c(90) are

5 times fér 10 $ and 90 % of the maximum torque determined by
measuring the curing behavior of the epdxy—resin composition
with a curelastometer at 175 °C, respectively.

9. An epoxy-resin composition as claimed in Claim 8
comprising (D) an organic and/or inorganic filler in the range

100 of 100 to 1900 parts by weight per 100 parts by weight of (A)+(B).

10. An epoxy-resin cured product prepared By heat curing

of.the epoxy-resih composition as claimed in Claim 8 or 9.
'11. A semiconductor device manufactured by sealing a
semiconductor integrated circuit using the epoxy-resin

15 composition as claimed in Claim 9.
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