. RESI N COWPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON AND
SEM CONDUCTOR DEVI'CE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates
to a resin conposition for semnm conductor
encapsul ati on and a sem conductor device using the
sane. 2. Description of the Related Art In the recent
t r. BBE B COMR®S BT KIthFOH iSgIMTIEONDECTOR BCRPIUIGITION AND
performance of el ectronic devices on the market, high
integration of a seRMECOMRIEITHR SldifE (al so referred
to hereinafter as chip) is advancing year by year,
and as surface nounting of a sem conductor device
also referred to hereinafter as package) is

B B FhdHEHUVERREM s for an epoxy resin
c sition for sem conductor encapsul ation (al so

ngﬂggftﬁfiEhehéPE?ﬁ5$?%r as encapsul ating material or

enca ulatin%?%onpound) becone increasingly strict.
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rnsericanduct or encapsul dtion. Especially under the
present circunstance where the surface nounting of.a

2.5eBLERNPEUSLAT o HeVA L& CONRP ALQ be general, a

sem conduct or deV|ceE%aV|ng absorbed noisture is

expogadihe hbadht IREIAIH S wRlsiBenki M8 §ir S0l A8 W9 ang
upon whi ch the explosive stress of gasified water
higapper€aufesce C6ACKI drg ddh il @eveFee0BH UELO 'mASMIC,E 1 iQfh
gener ates del am nation between a sem conduct or
ingkgmehionrof 4 esshfcamucnd alenead pabsbicterdrafd thhe
epoxy resin conposition, resulting in significant
heggiepfbeatdorhip) el eadvagulingeleabi by typarkFoand as surface
tendency toward abolition of use of |ead, |ead-free
MOUBF 4BF Ha¥ SRPLSORIGREPL MeViFRg(also referred to hereinafter

as package) is promoted, the requirements for an epoxy resin
composition for semiconductor encapsulation (alsoc referred to
hereinafter asencapsulatingmaterial or encapsulating compound)
become increasingly strict. As semiconductor devices are
down-sized and thinned, further high flowability and high
strength are required of the epoxy resin composition forl
semiconductor encapsulatién. Especially under the present
circumstance where the surfacemounting of a semiconductor device
comes to be general, a semiconductor device having absorbed
moisture is exposedto high temperatures at the time of soldering,
upon,which the explosive stress of gasified water vapor caﬁses
cracking in the semiconductor device, or generates delamination

betweenasendconductorelementoraleadframeandacuredproduct



poi nt than conventional is increasingly frequently
used. Because use of the | ead-free sol der needs the
nounting tenperature to be higher by about 20C than
conventional, there arises a problem of nore
significant deterioration after nmounting in the
reliability of the sem conductor device than before.

O : ' Con of th Cori : S
ﬁra\g:;hi%;%rlplﬁg YreBE RVEBDOL Of o %e%gltl%lrllg’%r ?%?g%%%%?a%‘%

ity described above, t
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a flame retardant such as a Br conmpound or anti nony
podxitdehan Foonvapt dohaly 150! ideirieas 1hgslys Fasges @, i ane.
resi stance, higher 1loading of inorganic fillers is
Becagardee «f feelcad-becausbdunherdsabheaiphicdngtamdseature
reduced for soldering resistance and the content of
toggshigheay inaaphe 2086t han annbent eouckdt fiore & ases a problen
~_resistance,  Under these circunstances, there is a
of; BeERt St gehll it tdrt eyt ipaskAteonposition io tise a
esjn of lower viscosity and to |load a |arger anount
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and  low viscosity duri nol di ng, use of a resin of
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6)) . Wth only these nethods given, however,
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retardancy during nol ding cannot be sinultaneously"
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proposed an epoxy resin conposition excellent in

loa@intepf igorasind cahtbleardi$ lragerded effective because water

absorptioncanbe reduced for soldering resistance and the content
of easily flammable resin can be reduced for flame resistance.
Under these circumstances, there is a recent trend for the epoxy
resin composition to use a resin of lower viscosity and to load
a larger amount of inorganic fillers.

For maintaining high flowability and low viscosity during
molding, use of a resin of low melt viscosity is known (see,
for example, Japanese Patent Application Laid-Open (JP-A) No.
7-130912 (pages 2to 10) ). Forincreasingthe amount of inorganic
fillers loaded, surface treatment of the inorganic fillers with
~a silane coupling agent is known (see, for example, JP-A No.

8-20673 (pages 2to 6)). Withonly these methods given, however,



resi stance by using a phenol aral kyl type epoxy resin
contai ning biphenylene structure and a phenol aral kyl
type phenol resin containing biphenyl ene structure
(see, for exanple, JP-A No. 11-140277 (pages 2 to
11)). However, further inprovenents in soldering
resi stance and flame resistance are desired for the
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sem conduct or package is pronoted, an area
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restgtuctasr ey uAihgld ppehdl arraak (lr efes epdxtadErethaf 4 Bfing
as BGA), or a chip size package (referred to
biglemeileakt etrast C8P) afidir 4 helrenqiuresuiliky ldownespaémgl fesin
representative of the area surface-nounted
corf@indaigd ke pbenpaekaget ragidi tehelseewe ferdevainpped JF-ck No.
copin% with the requirenments for nmulti-pin and high
1144ded / iRRERSafetPnihkhr |y maxi mum degrees in the
con¥FntionaI s¥{face-nnunted package represented by
QP SHE78ER. It si MRE (RIS 1 SeRPESREJESgEtance and
el epent is nounted on side of arigidcircuit
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apdJeferred to hereinafter as BT) resin/copper foil
circuit 3 substrate, or a flexible circuit substrate
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circuit substrate, and its elenment-nounted surface,
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is promoted, an area surface-mounted package is newly developed
and is being substituted for a package of conventional siructure.
A ball grid array (referred to hereinafter as BGA), or
a chip size package (referred to hereinafter as C3P) further
pursuing down-sizing, is representative of the area
surface-mounted semiconductor package, and these were developed
for coping with the requirements for multi-pin and high speed
which are in nearly maximum degrees in the conventional
surface-mounted package represented by QFP and S0P. In its
structure, a semiconductor element is mounted on one side Qf
a rigid circuit substrate represented by bismaleimide/triazine

(referred to hereinafter as BT) resin/copper foil circuit




the substrate, so as to join to the package-nounted

circuit substrate. As the el enent-nounted substrate,

a structure using a netallic substrate such as a |ead

frame other than the organic <circuit substrate is

al so devised. The structure of the area

surface-nounted sem conductor package has a structure
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sol der ball-fornmed side of a metal substrate such as
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encapsulated in substantially one side. It follows
forhat dueheostie ophed Ance o ichet besmalt-expansddrRualdce of
thermal shrinkage between the organic or netallic
thegupghsarateandca asuted jpinduct tid pamkagEsimpioirosi.i-abt
or due to the influence of curing shrinkage during
subgtBR TR afd thaiel egeot —Tdien ek snbsonposi B oin;uttheseusing
packages are liable to cause warpage just after

2 Meheditng. SWRFafesSerh @s & kasstrame otdwrwhheh tigegsyanic
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package wherein only one side of the Substrate was
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conposition, a nmethod of reducing the curing shrinkage

In pfvetrlyefew esbas c anposidpsan aitd nknewwin Tde=0obgabidit several
substrate frequently
tens um is present in the solder ball-formed side of a metal
substrate such as a lead frame, while an encapsulating resin
layer of about several hundreds pm to several mm is formed on
the element-mounted side, and thus the substrate is encapsulated
in substantially one side. Tt follows that due to the imbalance
in thermal expansion and thermal shrinkage between the organic
ormetallic substrate and a curedproduct of the resin composition
or due to the influence of curing shrinkage during molding and
curing of the resin composition, these packages are liable to
cause warpage just after molding. When the circuit substrate

on which these package was mounted is soldered, it is subjected

to a step of heating to 200°C or more, at which the warpage of



uses a resin of high glass transition tenperature

(referred to hereinafter as Tg) such as BT resin and

polyi mde resin, and these resins have higher Tg than

about 170C that is the nolding tenperature of the

resin conmposition. In a cooling process of from

nolding tenperature to roomtenperature in this case,
anlc substrate is shrgnk when .t he |inear
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then the warpage | ecome nearly zero:
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tri phenol nethane type phenol resin has already” been

of phepeskdttate, wds0suBaapt €al IP-ANRsuldtdd 7940, CPRILSsin
2 to 7)). For reducing warpage, there is known a
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substrate and the linear expansion coefficient of a
regiyr edrprosdydonot s akrapgi.n Fbeposddnion sudse ramde £ pequérytly
equal to each other. As described above, a nmethod 5
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cured product, cracking easily occurs during

of sakdenbayratwirishen, oihe URsSirege 0APOSIAL .ONALECRERRGIN, if
thef lrzrsnlen composition also has high Tg, its @l is the same as
that of the circuit substrate, and the curing shrinkage is zero,
thenthewarpage isconsidered tobecomenearly zero. Accordingly,
a method of reducing the curing shrinkage of a resin composition
by increasing Tg by combining a triphenol methane type epoxy
resin with a triphenol methane type phenol resin has already
been proposed (see, for example, JP-A No. 11-147940 (pages 2
to 7).

For reducing warpage, there is known a method wherein the
linear expansion coefficient of a substrate and the linear

expansion coefficient of a cured product of a resin composition

are made nearly equal to each other. Asdescribed above, amethod



resi stance for practical use unless a flanme retardant

is used. Fromthe foregoing, there has been denmand

for techni ques capable of satisfying | ow warpage,

sol dering resistance and flame resistance w thout

deteriorating flowability and curing properties, even

in the area surface-nounted sem conductor package. As
a desire for t
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of satisfying low warpage, soldering resistance and flame
resistance without deteriorating flowability and curing
properties, even in the area surface-mounted semiconductor
package.

As described above, there has been a desire for the
development of an encapsulating material wherein high levels
of soldering resistance, flame resistance and flowability
required of both a peripheral surface-mounted semiconductor
package with lead frame and a one side encapsulated area

surface~mounted semiconductor package are satisfied and

simultaneously sufficient low warpage is achieved.

SUMMARY OF THE INVENTION
The present invention was made to solve the problem

described above, and the main object of the present invention




20H2 n Rl R Rl R2 wherein each of Rl and R2
represents a hydrogen atomor a hydrocarbon group
with 4 or I ess carbon atons and nmay be the sane or
different; and "n' represents a nean value that is a
positive nunber of fromO to 5; in the fornula (1). In
the resin conposition for sem conductor encapsul ation
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that the resin conposition can prevent ncreasé in

sekDEondh SEOSidayilhengohy ARY Lakize excellent
sol dering resistance and flane resistance and nay
readritey iasien exeglosent ofl ewabidmiYondudiHd @HdaR8ulation
properties. In the resin conposition for sem conductor

aceocapsyl-at ilon praceatdimgeitd doheopp £568¢ (2NVENtdRRy Fésin
is preferable that the epoxy resin (a) represented by

conpreliprgnilaa @h)cpasy adpidr akprabketechbpricreudant eént (B)
of 300ppmor less, in order that the resin

a %@ﬁmmtf NENigentpe evemorgepbeati on fdf@itlugeoupst he its
noi sture resistance reliability of the resin

MO FRfihiyi { FbRiahrFedn e adiler, Rade(Papt¢wulng pgcelerator:
excel | ent sol dering resistance. In the resin
conposi tion for,sem conductor encap ation according
‘to the preseg vention, it is preferable that the

conmpound ( B) ng two or nore phenoldA c hydroxyl
gréups fn itg ol ecul e conprises a—t@Qnpound H
Hz(}\éﬁr“g%e 1970 I _(% in .@ ab t@e Gesith
. T?. . g{ \ (1)
a@nposttion san/rea |§? pagit i dxcel dpt

ance akdH | amd re nce and may have

R2 R1 R2

wherein each of Rl and R2 represents a hydrogen atom or a
hydrocarbon group with 4 or less carbon atoms and may be the
same or different; and ‘n’ represents a mean value that is a
positive number of from 0 to 5; in the formula (1).

In the resin composition for semiconductor encapsulation
according to the present invention, it is preferable that the
epoxy resin (a) representedbythe formula {1) contains acomponent
having a structure of the formula (1) with n equal tc 0(zero)
at 80% or more of the total amount of the epoxy resin (a), in
order that the resin composition can prevent an increase in the
viscosity thereof, may realize excellent soldering resistance

and flame resistance and may readily have excellent flowability




OHOH HR2-E-CRICR2 7~H (2) HZ\ H2 n R3B R4 R3
wherein Rl represents a phenyl ene group, a biphenyl ene
group, a naphthylene group or a hydroxy phenyl ene
group; R2OH represents a phenol, a-naphthol, or

B- napht hol ; each of R3 and R4 is a group bonded to
each of R2 and R and represents a hydrogen atomor a

hygy Qﬂg: with 10 or | ess carbon atoms, and
annay'ggﬁgt ef%%ﬁggﬁf different; and "n' represents a

meany &heerd et dogpodi POSH tAME sBMIDSE 40 4 89}:; L9140 0on
inthe formula (2). In the resin conposition or
acSEFAIGNACEAE B8PSRl IR i 31,2601 HiNG 4G 4N. that the
present invention, it is preferable that the conpoun
epd:B) rBAVhNG )t ¥Op BEsdMR) PReRe! F iy OXY hagrPHPSrblyvidiSie
nol ecul e conpri ses a conpound represented by fornul a
chX@)irien corrdemt bfaBobhenr €8i Ne £ONMPOSidrder pakti eHbaréyin
reali zes excellent soldering resistance and flane
commpss idtiame eaandr ewynthaemematdldnent £41 awabiini titeansisture
curing properties: OHH H-Rl--O(3) H2 H2 n R2 R2
resgfercgiae Rilieptbsents Ehephenyhersmrscugcoramd may readily
bi phenyl ene group; R2 represents a hydrogen atomor a
ha"fﬁ/d%aé@&ﬂbléﬁrgm@?scaﬂﬁﬂm wrldemigy garlietaarens and may
be the same or different; and "n' represents a nmean
val d& PRat- S5 nacBRe {1 o hiiRbet St cqcointprt encapsymtion
t he,.f or nul 3). In the resin copposition for
aCCSOé%%lél&naac% iUl &Y PBh* CBccot dih§TEs SFRBLAr Bazhithe
con{};ﬂ)\ﬁ%ﬁt '(lgp'ha{vtir?!gstﬁcr) ecfregngzk_ﬂeepﬁ@naglfchgydroxyl groups in its
molecule comprises a compound represented by formula (2) in order
that the resin composition can realize particularly excellent
.solderingresistanceandflameresistanceandmayhaveexcellent

flowability and curing properties:

?H ?H
4
H—R2 C—RI—C—R2 H (2)
CRTRCRTY)
R3 R4 ~ R3

wherein Rl represents a phenylene group, a biphenylene group,
a naphthylene group or a hydroxy phenylene group; RZOH represents
a phenocl, a-naphthol, or B-naphtheol; cach of R3 and R4 is a group
bonded to each of R2 and Rl and represents a hydrogen atom or
a hydreocarbon group wi?h 10 or less carbon atoms, and may be
the same or different; and ‘n’ represents a mean value that is
a pesitive number of from 1 to 10; in the formula (2).

In the resin composition for semiconductor encapsulation




conmpound (B) having two or nore phenolic hydroxyl
groups in its nolecule conprises a conpound
represented by fornula (4). Particularly in this
case, the resin conposition can realize |ow warpage
in an area surface-nmounted sem conductor package,
excellent sol dering resistance and fl ane resistance
haveﬁifxcellant flowablllty and curi
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the formula (4).” In the conp
so$88F CONEHEE 9F 2 8RS AR Bl 5 ASCOL Qﬂd §é§f{‘ient
invention, it is preferable that the oun aV|ng

flbw@bpnﬁyoraelop&e&qwgcpwgéefsyésgr oups In ItS nol ecul e
(B) conprises a conpound represented by formla (5).
Particularly in this case, the resin conposition can
reapbize | ow warpage i mgn area surface-nounted
semfconduct or package OHOHOHH-6 CIl C6H (5 H2

Rl mhereln sents a hydrogen atomor a
] ess carbon nms and nay
’ aqg or d §% nd n' represgggs a mean
val ie\ that“is a pogitive \nutber of fromO to 8; in
the fB2nula (5). R2

wherein Rl represents a phenylene group or a biphenylene group;
R2 represents a hydrogen atom or a hydrocarbon group with 4 or
less carbon atoms and may be the same or Qifferent; and ‘*n’
represents a mean value that is a positive number of from 1 to
5; in the formula (3).

In the resin composition for semiconductor encapsulation
according to the present invention, it is preferable that the
compound (B} having two or more phenolic hydroxyl groups in its
molecule comprises a compound represented by formula (4).
Particularly in this case, the resin composition can realize
low warpage in an area surface-mounted semiconductor package,
excellent soldering resistance and flame resistance and may have

excellent flowability and curing properties:

OH OH
: v L i w
H, H, n
R2 R2 '




The conpound represented by fornula (5) is preferably

a conpound havi ng wei ght average nol ecul ar wei ght

within a range of 400 to 600, polydispersity ratio

((My) / (Wn)) of weight average nol ecul ar wei ght (M)

to nunber average nol ecul ar weight (WVn) wthin a

range of 1.4 or less, and softening point wwthin a

range of 60 to 70C, in order that the resin

conmposition may exhibit 10 less reduction in curing
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according to the present invention further conprises
10faln) #heristmalllki neyepoxy resin which is at |east one

menber selected fromthe group consisting of (a' -1) an

epoxin thesiesirepprpent edohyr drossaml eofdlctand chaapd)laion

epoxy resin represented by formula (7). Particularly
ac¢eordhics toaske phesemsiimveranposi it os qarefeaa® leonkat the

viscosity and higher flowability, thereby obtaining
CoRRAEId eV inKohebi Pirt poseephehe hichighidcoadi wgoups fheits

inorganic filler. In the case of the high | oading of
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resi stance.can, . be i roved: 1 R1111111HQC CH
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)... Wherein represents a.hydrogen atom or
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may be the sane or different;
OH OH OH

H([\’C/]/l\ \'\H (5)

R1 n R1

wherein Rl represents a hydrogen atom or a hydrocarbon group
with 4 or less carbon atoms and may be the same or different;
and ‘n’ represents a mean value that is a positive number of
from 0 to 8; in the formula (5).

The compound represented by formula (5) is preferably a
compound having weight average molecular weight within a range
0L 400 to 600, polydispersityratio ((Mw)./ (Mn)) of weight average
molecular weight (Mw) to number average meclecular weight (Mn)
within a range of 1.4 or less, and softening point within a range

of 60 to 70°C, in order that the resin composition may exhibit

10



and 'n' represents a nean value that is a positive
nunmber of fromO to 5; in the fornula (6); 11 H2C ~H
\ 0 HCH2 0O2RL2CH2nRL 20 (7) wereinRL
represents a hydrogen atom or a hydrocarbon group
with 4 or I ess carbon atons and nmay be the sanme or
different; and "n' represents a nean value that is a
I 44 npber. of o Q.5 j e farmula (7).
R P s n O Pt ke bl BHOR i Bhosicy

an8nGRPsHL 81  OBo+ACEHNG 1t jLﬂ?CBEf?iEaP%%¥?E§E?2’EﬁEhis

is preferable that the curing acce

cakepsthone sirnbeipseledredahromthe grodpy Cﬁrﬁzsﬁoﬁztén{églg in
of a conpound represented by formula (8), a conpoun

£1loeps ebeny ediby H0mniaihg) lov@ﬁﬁr@ag@ AReUAGr 1 &PLeseBlefes
by formula (10): RI R2-i -RA[A]JD[M]C (8 R3 a
pawherel ar I P'inr&puesent sr Ba hogRiadss & finRasdb0paRlage .
R2, R3 and R4 represents a substituted or
uns ubist ¢y , arsbrat-ee igr odppo ot t2ors st istattiedndiictor
unsubstituted al kyl group and nay be the sane or
enepFFwkanion ‘sacordpngsént shanpadsort dnvam tamonirt her
organic acid having, on the aromatic ring, at |east
COgpel Fof dE dn@&l I ligel eppwr F909m whéchrbamt least one
onsistinq of a hydroxyl group, a carboxyl group, and

e 5L SGr6p L TOBHC PP eBF @dR i P tdnGimati ¢ aor ganie epoxy
o) AR GRS U8, AP, 9 o cone st

reiiih A BPERINNL S 9704P: po AL A1 828R 82 P esin
composition can have lower viscosity and higher flowability,
thereby obtaining excellent flowability even with high loading
of the inorganic filler. In the case of the high loading of the

inorganic filler, soldering resistance and flame resistance can

be improved:

wherein R1 represents a hydrogen atom or a hydrocarbon group
with 4 or less carbon atoms and may be the same or different;
and ‘n’ represents a mean value that is a positive number of

from 0 to 5; in the formula (6);

11




of from1lto 3; "c¢' represents an integer of fromO to
3; and "a' and 'b' are equal; in the fornmula (8); 3
(99 t X~~QYn wherein X represents a hydrogen
atomor an al kyl group with 1 to 3 carbon atons; Y
represents a hydrogen atom or a hydroxyl group; each

of "m and "n' _represents an integer of from1l to 3;
h ol shf foa ‘Q- ORd P+RT <N
2 el £ PR/ epresent sUaf phdsphdt ul, af o ‘eay %Tﬁﬂgﬁmz

and R3 rePtesents a ‘bt int ut ed or Rinsubst i t @t
al kyl group with 1 to 12 carbon atons or a (7)
substituted or unsubstituted aryl group wth 6 to 12
carbon atons and may be the sanme or different; each
whote R4, RRx s R tisepr ganbged Ayshi egen al@rcehrBon group
hydrocarbon group with 1 to 12 carbon atons and may
wibe 4 lver Sese oardohiferend ;andandyRée atite Ry rbai fferent;
conbined so as to forma ring structure; in the
andl otful eH{zE®entEhe meshnvebmposidt drs faowosenicendueber of
encapsul ati on according to the present invention
LromrG Her Donpr itées feENudasiThne 13 coupling agent and
(F) a conpound conprising an aromatic ring having two
or oY ERRVERDWY FORPRtpsipodRd sesheerdumdior epcameill afion
nor e adj oi nj ng carbon atons constituting the aromatic
aC??ng.Hgi YOt Eéer%@%e%w@mtileﬁff% Lo EsRgabler that the

cuf BB 2o AR OE ALY 1685t " PRERREE NEN P Bron'ehe

group consisting of a compound represented by formula (8), a

compound represented by formula (9), and a compound represented

by formuia (10):

?1 +
R2—p—R4 [A ]b [/-\H ]C (8)
R3 a

wherein ‘P’ represents a phosphorus atom; each of R1, R2, R3
and R4 represents a substituted or unsubstituted aromatic group
or a substituted or unsubstituted alkyl group and may be the
same or different; ‘A’ represents an anion of an aromatic organic
acid having, on the aromatic ring, at least one functional group
selected from the group consisting of a hydroxyl group, a carboxyl
group, and a thicl group; ‘AH’ represents an aromatic organic
acid having, on the aromatic ring, at least one group selected
from the group consisting of a hydroxyl group, a carboxyl group,

and a thiol group; each of ‘a’ and ‘b’ represents an integer

12



the conpound (F) is a conpound conprising an aromatic
ring having two hydroxyl groups bound respectively to
two adj oi ning carbon atons constituting the aromatic
ring. In the resin conposition for sem conductor
encapsul ation according to the present invention, it
is preferable that the conpound (F) is a conpound

of chaprikitity 3d naphtemtesenrs g Haviengr ©fofoom rforte 3; and

._hydroxyl, groups bound respectively to two or nore

2 adf o nithg Tkt oHArorE EBRsEPFTELAG f e napht hal ene
ring. In the resin conposition for sem conduct or
encapsul ation according to the present invention, it
is mre\preferable that the conpound (F) is a

d conprising™a naphthal ene ring having two
slimoif]e

h ' ‘ . hound respectively to two adj oi ning
cakbor gt ons. c@ tuti ng the napht hatlggne ring. In the

or semi conductor encapsul ation
according to the“present invention, it is preferable
that the conpoundh(F) is contained in an anobunt of
0.01 wt%or nore by weight relative to the total
Wheffoiint “of TERESFRBTH & AMSESITENoALOMMOX IR pa&yA group with
ption for semconductor encapsul ati on accordi ng
ltgg??%%b%Péﬁghs’ingeﬁﬁpgﬁfepgsf%gﬁ%E?%?%ﬁW@”&%%f‘@Yﬁ?oxyl
rcdid ;aRe ceoyp! Mpg Mty 7 (Bl f
g e P o el ahe Perar ve 1o the R 4 Shgtnf
3; dh tthe rfesmnlacoappsition. 14 In the resin conposition
for sem conduct or encapsul ation according to the
present invention, it is preferable that the
in anic filler (C) is contained in an anmount of 80
to W% hky weight relative to the total anpunt of
the{resin copposition. The sem conductor device
he-Rftesent invention is formed by
esi n conposition for (e conduct or
ccording to the present invention to

R5

OH

wherein ‘P’ represents a phosphorus atom; each of R1, R2, and
R3 represents a substituted or unsubstituted alkyl group with
1 to 12 carbon atoms or a substituted or unsubstituted aryl group
with 6 to 12 carbon atoms and may be the same or different: each
of R4, R5 and R6 represents a hydrogen atom or a hydrocarbon
group with 1 to 12 carbon atoms and may be the same or different;
and R4 and R5 may be combined so as to form a ring structure;
in the formula (10) .

The resin composition for semiconductor encapsulation

accordingix:thepresentinventionfurthercomprises(E)aasilane
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sem conductor el enent included therein. According to
the present invention, there is obtained a resin
conmposition for sem conductor encapsul ation realizing
excel l ent sol dering resistance and fl anme resistance
and having excellent flowability and curing
properties. Particularly when the above-nentioned
coBBeEhl | L5 SAMRAUN] phayi ngy TN, EoHPE% PH§Q§H'é%omatic ring
hydr oxyl™ groups in'its ecul e or the above-meAtioned
ha&@ﬁ@'£W§_oﬁ”ﬁﬁﬁéﬂﬂyd?%xgﬂo§¥oﬁ§§'EbdﬁﬂLE%%%ed%i%%§ynto two
conposi tion having goo bal ance between | ow war page
orafislrd laavabhlhyYed fo@n agbRa SdHSaGetTRYNERE aromatic ring.
sem conduct or package can be obtai ned. According to
t he piesentesnvenhiposictiber®r seobtahdes: @ chtgpkilation
reliable sem conductor device by using | ead-free
acsobdeng twi theutramsenyg iavkhaien f ditad dandrs yole fasadl1Brthat
conmpound or antinony oxide in consideration of an
thempmponnenital 1 robbrern urBREGR0DESCRI T a@NMEE 1 THE ng having
DRAWNGS FIG 1 is a view show ng a cross- sectiona
twethyfbosye @Founhdangnprerett waleniteohductdioigénigcearbon
usi ng the epoxy resin conposition according to the
algpasemtsHitviddtiPok herpePmatic Bingew showi ng a
crOSﬁ%%gctional structure of 15 another exanple of a
seni G Ctor THETIERS b5 Yy TOReS EhHG T4 encapsulation
0osi tion, accordi to the present invention. FIG
acEQPBIT S Prf LR ST ng St Beroht bR R perhat the
[ to_t ' [ Qn | i.n ch .
o PR g PSR bRy EThd B ol Tl 8k r3p 5% bing
tw®l ameBle(Afddoxy P H&RRAG(402) e 590k & WiT LS ( £03) or more
| ead franes (16%), an ‘encapsul ating resin (105), a
adjatireithodice rbbandt BisMBb ekt at ut(iHP thea ns@K-eandHst ing.
el enent (201), a substrate (202), gold wires (203),
Wi ridmgsh¢ 24)in aompestapsulfati sgniresidudt205¢ncsedwlest ion
balls (206), a cured die bonding
according to the present invention, it is more preferable that

the compound (F) is a compound comprising a naphthalene ring
having two hydroxyl groups bound respectively to two adjoining
carbon atoms constituting the naphthalene ring.

In the resin composition for semiconductor‘encapsulation
according to the present invention, it is preferable that the
compound (F) is contained in an amount of 0.0l wt% or more by
weight relative to the total amount of the resin composition.

In the resin composition for semiconductor encapsulation
according to the present invention, it is preferable that the
silane coupling agent (E) is contained in an amount of 0.01 to
1 wt% by weight relative to the total amount of the resin

composition.
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material (207), gold wre (301). DETAILED DESCRI PTI ON
OF THE INVENTION I n the present invention, an epoxy
resin conmposition realizing excellent soldering
resi stance and fl ane resistance and having excel |l ent
flowability and curing properties is obtained by
conprising (A) an epoxy resin containing (a) an epoxy
resl inl & %%@@E%nﬁyo%iod'iw %ﬁ%mi@@ndﬁc%ggp%%sulation
having two or nore phenolic hydroxyl groups Iin its
advrégubero (9e dlsRALIRAL b4 | er, jan rd
acceIePator: H®E 2 C %ﬁ%??%é%ﬁqﬁﬂiégkgr%fgfg%ﬁﬁﬁ%gﬁ She
indzganic(di)le2QH)2ip FinhRiRY R whesedhieaehsoft Rbo s
and R2 represents a hydrogen atomor a hydrocarbon
bygraughtwirehadios tlesise cardaQnami ot o@nthde¥sbe ddi@osiBion.
same or different; and "n' represents a nean val ue
t hat Ths seniposdtdiver danbes aofofdmy o thepreisBnth@vention
formula (1). Hereinafter, the present invention is

isdeearebéd ¢mebetiid theThesep@oppoesitnopajonfscimepnbactor
(1) used in the present invention has, between epoxy

eNngrpEPsa t I EesRebiladahd Fhgindessntuchuersisn mid aackage a
ant hracene, and has a |l arger nunber of aromatic

SeU{ CORYUT Y &Rt pralueedt Eheretes in its nol ecul ar

structure .Thg egoxy resin (a) acts as resin of |ow
fec8u

Vi sc %f?@ﬁ EGOQI?%%HEdﬁﬁﬁp@&aparﬁﬁﬁ¥%hﬁi?btained a
reéfr?o&g'hg%gsljt ’iotnh%ﬁ%g%)é%‘i%éj%aﬁ%%‘?ﬁg ?%éﬁé@?aﬁg{nglrgg iBXng

conbi ni € co

ex@@fi@llﬂ %oﬁ)ﬁg%ﬁ%lrre?%)%{ga%ée?%ﬁé%l%ee%glsfs -51!?(? and(lb?x,ring

I norgani c € curing accel erat or

ex¥é1hedhel 8poXY 185hAd cﬁ&@in@%cﬁﬂ.e‘ytri%st.hengpi?%/ufa%Sﬂ_iﬂhen
(a) , is excellent in flowability
the above-mentioned specific compound having two or more phenolic
hydroxyl groups in its molecule or the above-mentioned specific
crystalline epoxy resin is used, a resin composition having good
balance between low warpage and flowability in an area
surface-mounted semiconductor package can be obtained.
According to the present invention, there is obtained a
highly reliable semiconductor device by using lead-free solder

without using a flame retardant such as a Br compound or antimony

oxide in consideration of an environmental problem.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing a cross— sectional structure of
one example of a semiconductor device using the epoxy resin
composition according to the present invention.

FIG. 2 is a view showing a cross-sectional structure of
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and curing properties, and its cured product has | ow
wat er absorption and low elasticity nodulus in the
range of higher tenperatures than the gl ass
transition tenperature (referred to hereinafter as
Tg), thus inproving soldering resistance. The cured
product of the epoxy resin conposition is

aneea aV| i é@l%doﬁgvT Qﬁiegn%g@éﬁ g@fmg Jslfln”etket@fodx%,”%gsm

and |'OW cTos

codBBsit Yon | feddieyiy gf rat %h@l refy tgﬂgﬁ pﬁ%_cﬁ{‘d two

oxygen atons bound respect e condensed ring
may berbound < g ﬁ;[‘é:’wSﬂﬁlﬁ%@at%‘gcaléﬁfic&ﬁ'éh@%fb%ﬂg §Pre
the condensed ring. The epoxy resin (a)

ac¢dydisedcd tHh @ present nvkAYesti on i ncl udes, for
exanpl e, the resin represented by formula (11) but

i s ritite patdri cul apky Figuredrénsos afo ahd trdaswihg:
structure of formula (1). 17 H2c ¢ ¢ O -c-c-c 0 oO- c c
serHof UGt o0 Hamet HA 01 ) H2a GH eCpathigrtsl)n  gold nepiess ends)
a nean value that is a positive nunber of fromO to
lexml fypngre @Pdiy rasencépdulepiresentsc by Othe Bocumad die
(1), the conponent having a structure of formula (1)
bo@@%ﬁﬁrﬂ%ﬁﬁﬁﬂal (606) ¢ zar e¥pmigondintaimed amengn (Afblint a of

nor e, nnre preferably 85% or nore,

1%aefer ab %/ 80% or
ISt on(2098 - waBILE Birehe(hodky Witddigs (@P4) WBBn t he
nt h wth n

enddlis) ou{ghr??é?lg&p i §° gggﬂbét BlELT %%é}dfeélﬁ%k?ebo%qféig

maﬂJEfqgs qu 5 '%f?é'&%off the resin conposition
caused anou o%‘the | ow nol ecul ar

conponent can be prevented. In the present invention,
the ratio, to the epoxy resin, of the conponent

DETRAVIENY DESERI U@ Ton eom tie nmeatdltce 0 (zero) is
expressed in area % nmeasured by |iquid
chr amat-ogr apbyenthi svatitto?p idh epoxy resin composition
realizing excellent soldering resistance and flame resistance
and having excellent flowability and curing properties is
obtained by comprising (A) an epoxy resin containing (a) an epoxy
resin represented by formula (1), (B) a compound having two or

more phenolic hydroxyl groups in its molecule, (C) an inorganic

filler, and (D) a curing accelerator:

26/ f % \/ 2 (1)

wherein ecach of Rl and R2 represents a hydrogen atom or a

hydrocarbon group with 4 or less carbon atoms and may be the
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correlated with weight. Liquid chromatography

measur enent can be conducted for exanpl e under the
foll owi ng neasurenent conditions: The |iquid

chromat ographic unit is SC-8010 manufactured by Tosoh
Cor poration; col um, TSK- GELODS- 120T (4.6 x 250)
manuf act ured by Tosoh Corporation; colunn tenperature,

sa%@?b_r%igﬁéﬁ@%ﬂPrbdﬁﬁv‘%l’e@%ggeséﬁgsnmméi W 1) e’th%‘toé'a a

mn. ; gradi ent, water cetonitril e changed over

polli RElvesnhest 6O 40-ck8 ot @ 05100 ,apdkept, &t 0/1400 for
20 m nutes. The hydrol yzabl e chl orine content of the
epoxyer€sh A {e), thS pREEERE ARKK 3B nPRMMO 185335 1 MBERA1 1.
preferably 150 ppmor |ess. Wen the hydrol yzable
chl oThaecpant erdsiins (e biefpangea descrided inabakeprbhent
resin conposition can prevent generation of failure
invanhbésthas, resiwteaneeokel gabibst yhadhdiabic and rigid
particularly excellent soldering resistance. In the
stprekernts i swenEone ehehhydent y zaibl enachlaoniamgeconteher of
can be determ ned according to JIS K 7236, and refers
arppalle SERtraep olaietdipl Al dC byt medetiengin chlsomphecihar
the epoxy _resin with a solution of KOH and neasuring
STHaNer R ed TREICRPTH 285 ldgledbactolas reaipfolsiloyeyiscosity
b nitratgu Ig_the preient i.nyention, the epoxy resin (a),.
Crepie’entadovEy IErE L REMRGOR T 1) Aedr P dided harpoxy resin
j.nat | wi. t h anot her_.epox resin in such range
Rl Rl S hoarY T SRRYY subnSetyoched g, AavERE%tuo
ter i T resi j n_pe . .
Orﬂ?ﬁﬁi%@%@%us ?yaggggPﬁﬁ%?ﬁjeg? 5$R8§§ﬁ%f%ﬁtgfpﬁ%%§?anlc

£i1ye (BPoxYd k@i Bur h$RReRL -2 E¥PESPOY t&Q§kpepox resin
stil bene type epoxy resin, phenol novolak type egoxy

(AY eshnainiegalhaneyekpkedipe (8POXds EQsLNIedd HRNENGhability
net hane type epoxy resin, phenol aral kyl type epoxy
and esimingopiraprirnges pheny| ene «iratt tanoelucphaasl iawakkyér
type epoxy resin containing biphenylene structure,
abgraptitilesl ancvébuket ypel @puxynadesius, innapht hehgaraf kylgher
type epoxy resin containing phenyl ene structure,
temperatures” than the glass transition temperature (referred
to hereinafter as Tg), thus improving soldering resistance. The
cured product of the epoxy resin composition is characterized
by being excellent in flame retardancy and having high Tg in
spite of low crosslinkage density. In the formula (1), Rl and
R2 and two oxygen atoms bound respectively to the condensed ring
may be bound to any sites at which they canbe bound to the condensed
ring. The epoxy resin (a) of formula (1) used in the present
invention includes, for example, the resin representedby formula

(11), but is not particularly limited insofar as it has the

structure of formula (1).
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napht hol aral kyl type epoxy resin containing

bi phenyl ene structure, alkyl nodified tripheno

net hane type epoxy resin, epoxy resin containing
triazi ne nucl eus, dicyclopentadiene nodified pheno
type epoxy resin. In consideration of the nvisture
resistance reliability of the resin conposition for 19
sem conduct or encapsul ation, the sinmultaneously used
epoxy resin is the one wherein Na ions and Cl ions as
ionic inpurities are preferably as |ow as possible,
and fromthe ywoi nt of curing properties, the
epoxy equiva s preferably 10G 500 g/ eq. Wen

t he epoxy res) si mul t aneoysl y the ratio of
e ; repr8sent dd.b | é(ﬂs\( to
Hg\e/g% Ig ‘ po% ?e;?n_ L%) @) _gé_i —,(1:?_‘2 (1)

pr & er &b or e, e ppeférably 30 @t % or
nore, still pref erably 50 wt nore. Wen the
ratio is |essvhthadn the lower |imt he effect of | ow
wat er absorption and the effect of |ow viscosity nay
be reduced. As the epoxy resin used in combination
with the epoxy resin (a) represented by the formula
when§in n oY hgeprasentsihveard grlueatbrystaid pesitive number
epoxyresin _(a') which is at | east one nenber selected
Off:%ﬁ¥ﬁh§°gﬁbup consisting of (a'-l) an epoxy resin
represented by formula (6) and ' - an epQxy resin
repH?sg ee§p8§¥fS?Eﬁ?a?a{7%99%?%%gF§fgﬁl§hﬁsga¥m#ﬁ% (L,
resin L)oo ent ed by. the f | a.{6) and
R e PN G ey Tend 1 aBrb s £
to Wgedrbh {heRrasent ir@\é%nEMBGHErcg%gggEéfglﬁi%% BY more,
being a crystalline epoxy resin, Ing solrd at
mo 0¥ PrideyabllgnBerabur €SraNth el detthe RnBaRAdbENGhe epoxy
ability, and having very low nelt viscosity at the
regimeadfl mitlai ngie Batho sy sihal bbRpor@OXhaviesi B §@rugture
has | ower nelt viscosity than that of the epoxy resin
witha) eqprésént @dzbyol hiss fior milea Hallye, dandrihadt Ausvde the

. sinmul taneously .
increase in the viscosity of the resin composition caused by

a small amount of the low-molecular component can be prevented.
In the present invention, the ratio, to the epoxy resin, of the
component having a structure with n equal to 0(zero) is expressed
in area % measured by ligquid chromatography. This area % is
correlated with weight. Liquid chromatography measurement can
be conducted for example under the following measurement
conditions: The liquid chromatographic unit is SC-8010
manufactured by Tosoh Corporation; column, TSK-GEL ODS-120T (4.6
x 250) manufactured by Tosoh Corporation; column temperature,

40°C; UV detection wavelength, 280 nm; flow rate, 1.0 ml/min.;

gradient, water/acetonitrile changed over 60 minutes from 60/40
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used to increase the content of the inorganic filler
(C in the epoxy resin conposition, resulting in
further inprovenent in |ow warpage. Even by such
formul ation, there is an advantage 20 that the
conposition has high flowability and reduces

di spl acenent of gold wires in a sem conductor device.

/ 1 \ 1.1 - H O-HCH OCQ CHz O
o, O%l@I ?m% P atRlajél%\oR%O ggum%&u%asﬂl (6) wherein

R1 t h b

w thehe ST R SRR A TRl Ve e R 5P (@)
. di ; T : .
T S S Y

When‘thle_hﬁ&kﬁakﬁé‘@ﬁ@or@ngc&tg% i% Pn%%ezrcﬂiﬁfpiesc ibed

wherein R represents a hydrogen atomor a ocar bon

ab@FOHRheVrEBi A AmdRSS: iCAr BN AL tagdn 8BY: R$h brersaiBre
or different; and 'n' represents a nean value that is

inmcpesité vasNEtReEe @11 AK0M O 40d BasbArtheul oF Mpkac£T)ent
The epoxy resin (a'-1) represented by the fornmula (6)

solderjpreefrerditended’ - th gitye iphdsdhitpherghtoen, the
3,3 ,5 /5 -tetranmethyl -4, 4" -di gl yci dyl bi phenyl or a
hydedlyzahlea whd ogfineheohnent Wit hehak tgoodnkdl ancerding to
bet ween workability and practical usability. The
JI2gox3P ¢ esnd (L Xs Fepr espacedrdyiathdetornimed pF) rézcting
chlorine in the epoxy resin with a solution of KOH and measuring
generated KC1 with an agueous soclution of silver nitrate.

In the present invention, the epoxy resin (a) represented
by the formula (1) can be used in combination with another epoxy
resin in such a range that the effect of the epoxy resin (a)
isnot deteriorated. Theepoxyresinwhich canbe simultaneously
used includes, for example, biphenyl type epoxy resin, bisphenol
type epoxy resin, stilbene type epoxy resin, phenol novolak type
epoxy resin, cresol novolak type epoxy resin, triphencl methane
type epoxy resin, phenol aralkyl type epoxy resin containing
phenylene structure, phenol aralkyl type epoxy resin containing
biphenylene structure, naphthol novolak type epoxy resin,
naphthol aralkyl type epoxyresincontainingphenylene structure,

naphthol aralkyl type epoxy resin containing biphenylene

structure, alkyl modified triphenol methane type epoxy resin,

epoxy resin containing triazine nucleus, dicyclopentadiene
modified phenol type epoxy resin. In consideration of the

mcisture resistance reliability of the resin composition for
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preferably a bisphenol type epoxy resin wherein the
conponent having the structure with n equal to
O(zero) is contained in 21 an anount of 90% or nore.
The nelting point is preferably 35C to 60C, nore
preferably 40C to 50C. Wien the nelting point is in
the range descri bed above, the deterioration in

< R8s VBBV BRI DS FSSUCILED, |8 SLOCR0E, e
J.St %H'Qergr?é Wh%‘%el?laH§erp§/ QJdOEEI n(%lSOfaSt le’llr e%n;glm,hrltles are

di nary terrper atures, can be prevente

pr'e@%ﬁ:ﬁﬁ%? ad Aoy asé:%%'stsYLbl?)é Wi I%réplet}l?é 9N el QQEEQOPgurlng

the inorganic fil I's hindered can be s ppresse
proBerbebyi nehPOHHL Qaf iR 18ReXYs pheFERALD tﬂﬁ) EBWg/eq
invention refers ¥o(%he tenperapure at th top o

nel tWhgn peak Wen, mRasur ed atndltiNeseas) rlgsed the ratio
temperature at a rate of 5C/ mn. from ordinary

oft ehpespdxy eradirh (@)dirkbeeeahtal b camdi NGrmGal0riiNetsr the
(manufactured by Sei ko Instrunments Inc.). Wen the

whepexyt rigs reg@)y nepriesdnl edobyotdged oranp e dekhbliyS10 wts
used in combination with the crystalline epoxy resin

or(meye, Werehriefarabasi0 whé oemoere,setetl etbdfa pmetfheably
group consisting of the epoxy resin (a'-1)

50 r‘é‘bf ecsreﬁtOé@ -byWedRe Fhn mAtdo( 6% hmas @h@n é{i@()lowegl Aimit,
é resented by the formula (7),

th Fﬁ?& 5 JeOVéﬁé%&fﬁ@ﬁ%?(ﬁé@)ﬂ gngl %lé%?§|fﬁéﬁ ca?rle%waspyslty

A an{g c% of 20 to 80 Mt%relative to the total
%nﬁ%ﬁf e epoxy resin (A) in order to bring out

the 6& cﬁép %H{S% Sfr$g§ gf %{%ﬁl%ng%t%%O§X§%F§égln

0 of the Crys I'he” epoxy te

axara ﬂe%éﬂ’cetd“%yr %ﬁ%efgfﬁ&ié b?f(i) %)bpon r Lfte%?gﬂtlon,

t he crystall|ne epoxy resin Gction

a cYiySEQB] 11¥e aP6ix{ hes ehfigech waf chtiRe RO §8ShBbe) s@iected
formula (1) on increase of Tg and inprovenment of

frém ame gesustants stdmgber ot ai nednwepdx gt ibakapeesented
The amount of the epoxy resin (A) conpounded is not
by garriudal &¢) wnld it ed) abuepcay desiforepxasphiecd biyofd#nula
wt % based
(7) is preferably used. The epoxy resin (a’~1) represented by
the formula (6) and the epoxy resin {a’-~2} represented by the
formula (7) used in the present invention are characterized by
being a crystalline epoxy resin, being solid at ordinary
temperatures and excellent in handling ability, and having very
lowmelt viscosityat the time ofmolding. Suchcrystallineepoxy
resin (a’) has lower melt viscosity than that of the epoxy resin
(a) representedby the formula (1), and can thus be simultaneously
used to increase the content of the inorganic filler (C) in the

epoxy resin composition, resulting in further improvement in

low warpage. Even by such formulation, there is an advantage
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22 on the whole of the epoxy resin conposition. The
nmol ecul ar wei ght and nol ecul ar structure of the
conmpound (B) having two or nore phenolic hydroxyl
groups inits .nolecule used in the present invention
are not particularly limted, but preferably the
conpound (B) conprises a conpound represented by the

er P RIPP R Zbr o iHerty RGO Bl BB ane

: naph ene._graup or a.hydrox henyl ene
dlgﬁgﬁg?mﬁﬁB ?é%?%sé%lé a phRefdl"tc Q?ﬁﬁ#hékéé G-
(3-naphthol; each of R3 and R4 is a group bonded to

each of represents a hydrogen atomor a

hydr ocar boR gr h 10 or less cA& and

My be the=sg pe—(di fferent; and ° esénts a
h,crEar—atkae - [pos-L —V@—% bef  Of §0018:-qy

on thhe fornula ( en i he tLonpoun sefit ed By

the formul ad ( s a\ conpound where F
phenyl ene Ryr oupl,R1a bRphenyl ene grou@! orRiRInapRt hyl ene
group, the conmpound has an aral kyl group havi ng (6)
hydr ophobi ¢ phenyl ene, bi phenyl ene or napht hyl ene

wherelmt Rl ereffre@d2<Rl aChfed)yobeh weesm phe rolhyel daydi-buy | group
~groups, and thus the distance between crosslinked

wikhte 9y dessolanged. a tweoratichgly, be atlurssthepraddd Efofent ;
t he epoxy resin conmposition using the sane is

ang e rRfer RPIHFISISaSt MEABt VALER tetiperatubes ignder sduces of

saorption. By exhibiting these properties, the

t
fr%@ﬁggﬂﬁggbﬁjlf@efgpﬁﬁPéa(éf)can contribute to

i mprovenent of soldering resistance. Further, the

cured product j.s characterized by being_ﬁxcellent in

f r et aroangy d havi mg high héat\ r@Sistance im
s Gt g o e by 1y,

0" 2 R1 2" n 2 0

2 4
(7)

R1

wherein R1 represents a hydrogen atom or a hydrocarbon group
with 4 or less carbon atoms and may be the same or different;
and '‘n’ represents a mean value that is a positive number of
from 0 tc 5; in the formula (7).

The epoxy resin (a’-1) represented by the formula (6) is
preferably 4,4’ ~diglycidyl biphenyl or
3,37,5,5" -tetramethyl-4,4’ -diglycidyl biphenyl or a melt
mixture of the two, which has good balance between workability
and practical usability.

The epoxy resin (a’-2) represented by the formula (7) is

preferably a bisphenol type epoxy resin wherein the component

having the structure with n equal to 0{zero) is contained in
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of | ow crosslinkage density. Further, the conpound
havi ng napht hyl ene strucure can reduce warpage in an
area surface-nounted sem conductor package, by the
increase in Tg due to rigidity attributable to the
napht hal ene ring or by the decrease in |inear
expansi on coefficient due to internolecul ar

i i i but abl t its pl 1 t .
ary ARSERE aomng P e Bod et SRRk oY Brereeanl e
i i “hyd I th
e RS LSz By g PAOSERY PSRN B0 e L
1508 QUAS, ARd.t Hé@cﬁi}:ﬁéﬂ ggo%odyﬁéh o%fte%!}% 2EPOXY:f 301 ing
COﬂ'pOSItI (0] usi ng the sane (:an ave Igﬁ CI‘OSSJTI nKage

wod@ask Ly anthdigh ﬂébudﬂ%oﬁegHQﬁxﬁ%%d%qggﬁbﬂf% 87 the resin

conpound represented by the fornula e aromatic

coﬁb@@@th@fﬂ{idtgoﬁdﬁh@f‘fltieﬁpBYgﬁgi‘é!E, PR (151780 Okt h "W the
be phenol, a-naphthol or B-naphthol. Particularly

rewh Rt died B OBt Efp & OUPred ,ScARRBI I viertthe , GRMPONAH ¢BAse
achi eve an effect of reduci ngwarpage by increase in

inTyl srogleor @gsehiah |tieat gaxpoasiwn «foehéi tinjanicafdller
can further realize inprovenent of flanme retardancy
isdubndered menpbesammerasfseal .| afye mithierg pbiat onbtihe epoxy
carbon atons, in a simlar way to the above-nentioned
regghpdukbichavs srRnthaprienyienee fstnsute ihe tExpaphesrefat the
t he. conpound of fornmula (2) used in the present
LOP iRfeA Ot icPerie Wit efBltfst akian feareasingéenperature
fol | ow ng,  conpounds. For exanples, conmpounds . ,
at Pef&rtees%ﬂ? e#%gffﬁ?%?%gﬂ(%ﬁ)%%? THPLG e eacishegential
The. ¢ unds represented_ by the fornul 3) __include,
s G e ke P PN g shohy SRty iy cmar e 188
contgal N I . str.uc I
resi bt PoaY EREE (e sebge Bl B IRl Fehtha )
is COMOUN Jampiesenbed, bynthgs & ré‘&ﬁbﬁi(r@ dodxySedsiht $ar)
y

cured product is characterized el ng

which is at least one member selected from the group consisting
of the epoxy resin (a’-1) represented by the formula (6) and
the epoxy resin (a’-2) represented by the formula (7), the
crystalline epoxy resin (a’) is contained preferably in an amount
of 20 to 80 wt?® relative to the total amount of the epoxy resin
(A) inorder tobringout themaximumproperties of thecrystalline
epoxy resin (a’). When the ratio of the crystalline epoxy resin
(a’) is in the range described above, the effect of the crystalline
epoxy resin (a’) on reduction of viscosity and the effect of
theepoxyresin (a) of formula (1) on increase of Tgand improvement
of flame resistance can be obtained with good balance.

The amount of the epcxy resin (A) compounded is not

particularly iimited, but can be for example 4 to 12 wt% based
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highly resistant to heat, excellent in soldering

resi stance, excellent in adhesion to a sem conductor
el enent, an organic substrate and a netallic
substrate, and excellent in flame retardancy, in
spite of Iom10ross|inkage density. OH OH H -R1---C (3)
H2 H2 n R2 R2 wherein Rl represents a phenyl ene group

h : t hyd t
org ﬁf«%{f 2%%%31? e B hetnnu BB R Lot bon St om O
d di ff t
Z”mgﬁ AR ANE ST e b Gt fu At s rug hE FI0EhS
t
B8 () ST R s on o
morirsemmesded The (GRIMQURAS 1 ?%&S@%ﬂ&ﬁ Pa,/ r&!ﬁf tg{]aqrt%lu%arly

(4) include, but are not

llﬂ[ﬂé&Yhﬂﬂﬁ%k@fe§96§9|@h@gxﬁmﬁaﬁﬁdqu S&éﬁﬁ%igé% s ound
the conpound represented by the fornula 4) 1s use

repteseurall iy aductzgreahibzgs) excel l ent  sol derl ng
resi stance and fl ane resistance which are attri butabl e

to the naphthal ene ring as descri bed above, and

reapHzes | ow warpageqdp an area surface-nmount ed

sem conduct or package.] 25 CHOH CRL-CH (4) n R H2
H-H2- cwheRgin L rgpr. ts a phenyl en roup or a

bipﬁ&g | Elpe gthpa RZ‘R\ esents a hydrogg atomor a

hydr ocggbon gropg Wth 4 RS

wherein R1 represents a phenylene group, a biphenylene group,
a naphthylene group or a hydroxy phenylene group; R20H represents
a phenol, a-naphthol, or B~naphthol; each of R3 and R4 is a group
bonded to each of R2 and Rl and represents a hydrogen atom or
a hydrocarbon group with 10 or less carbon atoms, and may be
the same or different; and ‘n’ represents a mean value that is

a positive number of from 1 to 10; in the formula (2).

When the compound represented by the formula (2) is a
compound wherein Rl is a phenylene group, a biphenylene group
or a naphthylene group, the compound has an aralkyl group having
nydrophobic phenylene, biphenyiene or naphthylene structure
(~CH;—R1-CHz-) between phenclic hydroxyl groups, and thus the
distance between crosslinked sites is prolonged. Accordingly,
a cured product of the epoxy resin compesition using the same
is rendered low elastic at high temperatures and reduces water

absorption. By exhibiting these properties, the compound of
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| ess carbon atons and nmay be the sanme or different;
and 'n'" represents a nean value that is a positive
nunber of from1l1l to 10; in the formula (4).
Furthernore, f or exanple, conpounds represented by
formula (5) below are nentioned. The conpounds
represented by the fornula (5) include, but are not
I|n1ted to, phenol novolak resin and cresol novol ak

forgdila (2at ¢pt BidicUrel iRppe eerented’ Iy loRe ing gemissance .
g % is used, its cured product has high crosslinkage
FugEnstt f%&uﬁesrpﬁfgdu%l.se%m%ﬂwwBag}mw aﬁca&éant
. _surface-npunted sen ¢ nducto ackage. HOHCOHHCC
in ﬁ%ﬁle 1 ’H?sa}—rlfny‘“ﬁl eiflmel?égh lpaafr prEsERrSea in spite

h d h 4
O BN AT Sh IR MG e ne' DA or T FeRBRERY hngina
nagfinf FEIE ose&é%afe”%%ﬁhégﬁﬁgﬁﬂ@%%?e Yy e

suEﬁQEQ—‘«&M&E&P%%%%%%%W a&?&ng%un d’( 5%1 “%%%reggeh?n Tg

e present 1 nvention avi n

av e
du60ﬁ8? %gg;hc/ig?gpiggﬁ%&%‘rh%% SW' i %aﬁyﬂt@l@)g_% Olf‘ll\?\g c&ﬁby the

de 8Y€4 898 N0} 864 Al pRIsaRh &é\é’ﬁfi&erﬁuﬂbg rcAvetadfolecular
nol ecul ar weight (Mh) within a range of 1.4 or |ess,

inaathsofdrerdng ipaitablyl thi Dta pangeofs i dtaréQC Mien the
preferable for realization of both excellent

compawebidedare sendeduby niche prooperiti ¢8) w4 ha leespound wherein
deterioration in curing properties regardless of |ow

R1\iissg dwidnpxyohenhirhobrprpdidiengospetnd haspadiafige number
compound represented by the forrmula (5), unlike

of AN ORIREY hoBEOUPFIv RV STIPH yeitengrphEsbBl @F the

epgggre51ncomposztlonu51ngthesamecanhavehlghcrossllnkage
density and high Tg, to reduce warpage.

Inthe compound representedby the formula (2), the aromatic
group having a phenolic hydroxyl group (-R2{OH)-) may be phencl,
o-naphthol or B-naphthol. Particularly when the aromatic group
isnaphthol, the compoundcanachieve aneffect of reducingwarpage
by increase in Tg or decrease in linear expansion coefficient,
and can.further realize improvement of flame retardancy due to
the presence of a large number of aromatic carbon atoms, in a
similar way to the above-mentioned compound having naphthylene
structure.

Examples of the compound cof formula (2) used in the present
invention include, but are not limited teo, the following
compounds.

For examples, compounds represented by formula (3} below
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formal dehydes in a suspended state with phases
separated in an aqueous solution of phosphoric acid.
Its details are in accordance with WO 03/ 042267 and
WO 2004/ 020492. The conpound of the formula (5)
produced by this nmethod is characterized by the
narrow di stribution of its nolecular weights with a

Si gi Lcantly | .ow content of nononers of phenals and a

aﬁeOMIgg%P%% : ®a RIGRUNEP e ETP B S St h P dhSo k8RR U Land3)
. | ' ' h t hat of h | i N
o5 ekt sk eLsmel poone e

P 8 TG TR TS ey Sian SEFHBOL Sheol TA-ecur 4P

bipﬁéﬁpiénéaQtfﬁgﬂdyéﬂ pﬁH@ﬁr{ﬁ§S@$ﬁﬁﬁhhfﬂkﬁk%sente§i%g.the

owabi lity wthout deteriorating curing proper

foThelMeight s ARIA0E: releeH! Foqwel ghtey i i

prefﬁfggly 450 to 550. V%éﬁgfﬂ%ﬁaggéﬁkéggg%gééedknibelng
highl gctd @i stitghlo heakowekctéhaand0bh WarRade @Akdsistance,

deterioration in curing properties maybe observed,
exphl lentwhien ddiesieinght aveeageondiitiestldAlenaitghbni Srganic

hi gher than 600, the viscosity nmaybe increased. Wen
subper pot yadis persitiay. 1iat sobE M ¢, (M) )e:ofe Meinghtin flame

average 27 ili nol ecular weight (Mv) to nunber average
TeRprextar Meisghtte( M) Lowscheghbinkdpm densd,tyi.t is

meant that the distribution of nolecular weights is

br oadened, so viscosity characteristics may be

unf@Qblor abl y varied. WhélHthe softening point is |ower
war page and grioration in curing
es may be obs[ whi | e when the softening

H po Gighlél —tBa viscosity 18y be
in dﬂgln theH@re <15t venti on, another conpound
havi two or nore phenoli'c hydroxyl groups inits

nDIec‘?e can be sinultanB8usly used in such a range
that the effect of the conmpound of fornula (2) used

whe 1S IBOR1 deirefdseinalsed phBhe 18hBUg t Q@ @4Sh Yoiphenylene group;
R2 represents a hydrogen atom or a hydrocarbon group with 4 or
less carbon atoms and may be the same or different; and ‘n’
represents a mean value that is a positive number of from 1 to
5; in the formula (3).

Moreovef, for example, compounds represented by formula
(4) belowarementioned, Thecémpoundsrepresentedbytheformula
(4) include, but are not limited to, a naphthol aralkyl resin
containing phenylene structure. When the compound represented
by the formula (4) is used, its cured product realizes excellent
scldering resistance and flame resistance which are attributable
to the naphthalene ring as described above, and realizes low

warpage in an area surface-mounted semiconductor package.
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usabl e conpound having two or nore phenolic hydroxyl
groups in its nolecule includes, for exanple,

tri phenol nethane type phenol resin, terpene nodified
phenol resin, dicyclopentane nodified phenol resin.
From the viewpoint of curing properties, the hydroxyl
group equivalent is preferably 90 g/eq. to 250 g/eq.
The ratio of the conpound represented by the fornul a
(2) to the whole of the conmpound having two or nore
phenol i ¢ hydroxyl groups in its nolecule (B)
conpounded is preferably 10 wt% or _nore, nore

BHwt % or nore e preferably 50
chﬁﬁiut d 'nrroving(a | deri ng
d | veshags

Phe amount "of the
phengbi ¢ hydroxyl groups
inits nolecule (B) conpounded is not particularly
[imted, but can be for exanple 3 to 11 w % based on
whi heimral eep Bdsditres epoian § BSid ¢8R hi®bheR ene group;
inorganic filler (C used in the present ‘i nvention 28p
R2 i g meces thsu g elgy i d § e a topher | £ aly dsidcia@Bon Cf ¥t hdiiche s or
silica, alumna, silicon nitride and al um num
lepstcademn andrsphed cal bEusked siahdé car i Afestent; and ‘n’
preferably used. Inconsideration of |oading into a
reppttinitshe pasticlieiaditimét és ofpdsieiveongamec dfi [flkem Lsto
desirably 0.01 umto 150 um These inorganic fillers
10heipn praudedmudieodé) er as a nixture thereof. The anount
of the inorganic filler (C) conpounded is preferably
80 Vit DG TES Ly AT OIT t FRIRHBIGS rtragse tepdxyformula

(S FL B SPIRSRL 80 WIBR L AL . Lhe Lergenle
5%'%}01%%%ucﬁﬁen%%$éﬁg{qﬁ&ﬁ@%dr§8l%h%gﬁﬁ_%%%%ﬁgkb¥egin and

eduction Tn hacconmpanying an increase Th the

u f : ads o] ¢ r
O e A et hellecPioliiel FBSFed bl B0 he

folrulsUppB)essedsult hovds detel igprahidig nbient hawebbidtxage

density and high Tg, to realize low warpage in an area

surface-mounted semiconductor package.

OH OH

W ITe ITe R

wherein Rl represents a hydrogen atom or a hydrocarbon group
with 4 or less carbon atoms and may be the same or different;
and '‘n’ represents a mean value that 1s a positive number of
from 0 to 8; in the formula (5).

Among the compounds represented by the formula (5) used
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of the epoxy resin conposition. The curing accel erator
(D) used in the present invention may be the one
accel erating the reaction of an epoxy group of epoxy
resin with a phenolic hydroxyl group, and a curing
accel erator used generally in an epoxy resin
conposition as an encapsul ating conpound for a
S m conduct or el ement can be utilized. Specific
Fe¥eihérugatacphddistist BQUeeHtdT ARNGNY doHsdunaverage
as an organj c, phosphine, a tetra-substituted
mo%’ﬁ%% i EpoBliaHg atp%’ﬂ?sﬁﬁo%Qa‘?%eﬁo@onﬁ%ﬁﬁls%‘ﬁﬁshty

ra@fosp§4ﬁ§/éﬁ?gFou %@ uéﬁggﬁﬁ%ggg qggnﬁar welgﬂt {Mw) to
ol SN 25 4.0) RS Gl S T
SR LR LA B0 P
fofﬂ¥§ﬁ¥¥%ﬁk%%h2%f08899u@Qc%fl@ﬁ@ffﬂ&“ﬁHi’&%gsa curin

consi deration of | ower asticity np acure

praf¥editls @fi thh@e8poXYL&LSh PaCONPOS 11 nat erQPtles
tenperatures, the phosphobetai ne conpound and

reqioiphisnef COWPOUAESGLUENONE @@r&a@unsfaigﬂw&cﬁ{ge sfﬂlef-‘ a
pref erabl e. The organi ¢ phosphi ne includes, for
s pegxidimgl epmpbunaryeppBQSthm&@r&umhf@&mﬁ&hyl5pho&@hiﬁ§
and phenyl phosphine, secondary phosphi nes such as
corgiemétioph Lpheshhiime Bomeb direrhemyllymeptiasphi peenahs and
tertiary phosphines such as trinethyl phosphine,
forpalgehyPephs phrHeperded atA tprdsphp s emdepricphedyin an
hosphi ne, , The tetra-substituted phosphonlun1conpound

aq er?&sua@%utfa? ORI TG +eprédienitled A in
acgg%ﬁggkg &E@h ﬁ810§/b42£%% aA§4WBA§g$h}dg04%2<8)Thgﬁéé%pound

of the formula (5) produced by this method is characterized by
the narrow distribution of its molecular weights with a

significantly low content of monomers of phenols and a low content
of a high molecular-weight component, and has a lower viscosity
than that of usual phencl resin with the softening point given
as a standard. An epoxy resin composition using the compound
of ﬁhe formula {5) with the narrow distribution of molecular
welghts can exhibit properties excellent in flowability without
deteriorating curing properties. The weight average molecular
weight is more preferably 450 to 550. When the weight average
molecular weight is lower than 400, warpage and deterioration

incuringpropertiesmaybe observed, whilewhentheweight average

molecularweight ishigherthan 600, theviscositymaybe increased.

When the polydispersity ratio ((Mw).”{Mn)) of weight average
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wherein "P' represents a phosphorus atom each of Ri,

R2, R3 and R4 represents a substituted or

unsubstituted aromatic group or a substituted or

unsubstituted al kyl group and may be the sane or

different; "A" represents an anion of an aromatic

organic acid having, on the aromatic ring, at |east

ncti.onal sel.ected fromthe grou ,

moggggjg el 4 ydf')%x%mbei'ro3§er598£%§<§+lagﬁﬁﬁﬁhtaﬁ%n
isti tr%fnoi‘% 1‘%@5 hEDLE %En£sc,haendflsr 9 tg.to%rc%@ma]lc.%ﬁlblar

acl avi ng on"t'he aronmatic ri

weSGhe§tRd brfgae@nteee geouﬁseegftgt¢ﬂg&005te%1@%q PNy pe

group, a carboxyl ‘group, and group; ‘eac

unfavodd¥ly PariEPr e%@hstk?ensbﬂ&gﬁ{g pgir& rigrﬂcgwérotﬁ%n 6§°C

represents an integer of fromO

wa By gHal detidr itdi@ themhmh @u:8hg %p-len:@c fe%"lﬁé’&"rl]_)% observed,
represented by the fornmula (8) is obtailned

whekawher the $decdoldppbgt MNReFheFthsh,70°C, the viscosity
tetra-substituted phosphonium brom de, an aromatic

mayriganincracisdédand a base are uniformly mxed with an
organi c solvent, to generate an anion of the aromatic
or gami thagrkdantt hevsokibhprarsysteencoifibemd waivdhg t8o or
added thereto. Thus, the conpound represented by the
mO%rHﬁ?ln&lle)weéﬁXbé preeppitmatidd mMHecudrpoandbe
presented by the formula (8) is preferably a
Y SWHISEhL Ak Eh Gravpe et Fee aiffe R o fifdgnepnireumnd
ar atom.is a phe up; AHis a conpound
of %Jﬁ“ﬁlg lf%},d\ﬂa% 19 ‘g‘b ‘g%t%%sorért@ﬁat i the | fgoukisqequsly
usﬂﬁosph%%Oltlg(ﬁ]qlaVln 0 am On 088 e% heno!ﬂiﬁoxyﬁ groups in

aine co oundol nc

itd RPI&SEY ﬁgclhydééqefé}f)lekgx\ﬂ‘ﬁ@%r @Qﬁg}‘legoi %lethgng%l)y&)emenol

wherein X represents a 0ge Oom or an a
res@hQupe¥béile mbdiFi2LCAHEARI ALOME;, dYcyEEBLERERMS bdified

hydr ogen at om or a hydr oxyl
phenol resin. From the viewpoint of curing properties, the
hydroxyl group equivalent is preferably 90 g/eq. tc 250 g/eq.
The ratio of the compound represented by the formula (2)
to the whole of the compound having two or more phenolic hydroxyl
groups in its molecule (B) compounded is preferably 10 wt$ or
more, more preferably 30 wt® or more, still more preferably 50
wt% or more, fromthe viewpoint of improving soldering resistance
and reducing warpage.
The amount of the compound having two or more phenolic
hydroxyl groups initsmolecule (B) compounded is not particularly
limited, but can be for example 3 to 11 wt% based on the whole

of the epoxy resin composition.

The incrganic filler (C) used in the present invention

28




group; each of "m and "n' represents an integer of.
fromlto 3; inthe formula (9). The conpound
represented by the fornula (9) is obtained for
exanple in the foll owi ng manner. The conpound is
obtained through a step of first reacting a tertiary
phosphine i.e. a tri-aromatic substituted phosphine

: 'tg a diazoniumsalt to substitute thetri-aromatic,
ln\g‘%B 7 t IR P oS Pione SPEETACHL agbhiAn BV grddpnsf st héca,
di azoni um salt. However, the process is not limted
2 1PRERRY o= T IdEHERe > L8 nBOERHT gl e donp@napherical
¢t .includes, f.or anple, c ounds represented
O P R ORI (207 R EPE RIS ROLR o] dpgeing
infl s RS D i RRIERER. R e B e g oy e 1
ht I ou ' . n_at ons
doBISHDRE DL VLB 85050 5.0 kbt dngh bRt L SR Y Y BRusea

ardRe 42 LM hon: Lo and smayrhe, 1 he, S8 éq%fiﬁéég}a%{i%nﬂr ller

each of R4, R5 and R6 represents a hydrogen atom o

(ch eahhes igheuPevhbiy Bot P42 £aphon 3LARE ANEnEBYho1e
be the sane or different; and R4 and R5 may be

of costiprey sasiascbOpbOiflien S i RBesttHC ME @t oiftHEnorganic
formula (10). The phosphi ne conpound used in the
f1i phospliiineonponpdaddi guinotiee commeunksaddbel! BBove, the

referably the one having an aromatic ring
reiﬁﬁﬁﬂ&ﬂﬂlmuﬁeﬂderisgbs©$i$Minthdduswdsmwsaitadnttigmohm

such as an al kyl group or an al koxy group wherein an
St R{NGER RCCPREY I9gcH Hackrsai kihe ghouptef witenad s,

has 1 to 6. carbon , ,
oranlincrease lnwarpage lnanarea surface-mounted semiconductor

package, canbe suppressed without deteriorating the flowability
of the epoxy resin composition.

The curing accelerator (D) used in the present invention
may be the one accelerating the reaction of an epoxy group of
epoxy resin with a phenolic hydroxyl group, and a curing
accelerator used generally in an epoxy resin composition as an
encapsulating compound for a semiconductor element can be
utilized. Specific examples include a phosphorus-containing
compound such as an organic phosphine, a tetra-substituted
phosphonium compound, a phosphobetaine compound, and a phosphine
compeound/quinone compound adduct, and a nitrogen—-containing
compound such as 1,8-diazabicyclo(5.4.0) undecene-7, benzyl
dimethyl amine, 2-methyl imidazole. Among these compounds, the
phosphorus-containing compound is preferable, and in

considerationof flowability, the tetra-substituted phosphonium
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atons, and preferabl e exanples include triphenyl
phosphi ne, tris(al kyl phenyl) phosphi ne,

tris(al koxyphenyl) phosphi ne, trinaphthyl phosphine,
and tris(benzyl) phosphine. Fromthe viewpoint of
avai l ability, triphenyl phosphine is preferable. The
qui none conpound used in the phosphine

conpoupd/ qui none 32 conpound adduct includes, for
ccggggﬂpﬁ] 1s r@éﬁ’i%}ab‘?n@ﬁ@ 10 gOBe ¥R Fohes lower elasticity

hragﬁtnone or, derivatives thereof. Anpng them

naf BBtz it GHEST PR SF & b -1 @ﬁ%ﬁef@%&p@@wowwn at
t he

niZhOLaRs neStuarﬁep %aﬁ\?ﬁ%@? G St g atRsh e
h hi
co%%& B0 O R oot RER PRYrEr R ent
h dduct
in V\’ﬁ"h% okB8 ni%mpk%ﬁsgaﬁ% ch.lu;é%gl, ef’g?;g Xm% %e?porﬁgr?ary

can be obtal ne

ph@@gml%s aget one @ahgt ihds Sty ahgbgesn@ E\tﬁge Sotr!ge

ubility of the |OM/ vVént

secsnBatyl bAbseeh AderLio Eh%i GRFRQUNG:, &
t he fo?nﬁla %?b) is pref%raély g g%ﬁﬁ%ﬂggﬁﬁﬁgﬁgdgﬁhenyl

pheaphiat, Rihd traig \R3nBegRUné® sacRNOS phoREEhy BLAMSHS i fe,
phenyl group, and each of R4, R5 and R6 is a hydrogen

traedhylidiatsphdpea mdimawichloasmptirg gl trédphenzoghicloRene .
and triphenyl phosphine added to each other. The
anoufibe dfetite sobsF hguaed glhersghon i (D)camgedinichi ndibudes, for

present inventionis 0.1 wt%to 1 wt% based on the

eXRﬁBF@fo?o@?ﬁﬁﬁﬁﬁnaﬁpﬂaﬁﬁnﬁeéohﬁo§©rm@ha Wen the anount
of the curing accelerator incorporated is in the
range descri bed above, desired curing properties can
be offai ned *wi t hout deteriorating flowability.

Exanbles off t ang coupling agent (E) used in the
RErespnt—R4 veEAJoanmalude silane c@®ipling agents
i ncl udi ng an ep grofip, an am no group, an ureido
gr oupg or mercapto group, or the

wherein ‘P’ represents a phosphorus atom; each of Rl, R2, R3
and R4 represents a substituted or unsubstituted aromatic group
or a substituted or unsubstituted alkyl group and may be the
same or different; ‘A’ represents an anion of an aromatic organic
acid having, on the aromatic ring, at least one functional group
selected fromthe group consisting of a hydroxyl group, a carboxyl
group, and a thiol group; ‘AH’ represents an aromatic organic
acid having, on the aromatic ring, at least one group selected
from the group consisting of a hydroxyl group, a carboxyl group,
and a thiol group; each of ‘a’ and ‘b’ represents an integer
of from 1 to 3; ‘¢’ represents an integer of from 0 to 3; and

‘a’ and ‘b’ are equal; in the formula (8).
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like, but is not particularly limted insofar as it

can react between the epoxy resin conposition and the

inorganic filler to inprove interface adhesion

strength between the epoxy resin 33 conposition and

the inorganic filler. The conpound conprising an

aromatic ring having two or nore hydroxyl groups bound

respectively to two or nore adjoining carbon atons

constPEUEPRPUhe carsranitedr Prig-e)foumedai A8 ) hes obtained

present |nvent|on galso referred _to hereinafter as
ComPUUME (B) 0% AMlBrrs DEHBA Rk | BATSE . tRtranwibsgituted

accelerator (D durln stora e and | nproves storage
en3REEFE Y reﬂa&e?dg% it TSP opSaentd seoll e B o

R AN AR B e
oct Ly i Lone ol 8, otk s s oo
is (daedBynasing, t Bﬁu§' liane. %&ﬂ(ﬁgeegggené@ b?ncqhet ng:mula

compound (F) sinul I'{ aneous I SCOSI

(8] RehaRsgdeanh ey f| @M@@owpwnasfefﬁie%ﬁkea% @{@fEPMma
t he amount of the inorganic g

(8) noy easedrapnd artdn@io%n@a%ﬁerbhlﬁ é&ikﬂ%l’fl RQ R2, R3 and R4
resi stance, flane resistance and IOM/marpage can

botind thver beosphgur oy ed.omBy susi gigertyle gsblipnear aupki Bnpound
agent (E) and the conpound (F) simultaneously, the

havbhuxy kediexybuposptémn tissaabset mddngexcledt €st, phenols;
storage stability at ordinary tenperatures. These

an%rﬂéﬁ%Eﬁbﬁﬁﬂpﬁgoﬁgéh@spbﬁyohﬁy be used alone or as a

m xt re hergr The amount of the silane coupling

age SHSEALPRCHPRIENT FiHskieisoRorEoBREser abl y
0.01 wt nore p erably 0.05 wt%to 0.8

reghezertied ngng’ é%%%%rhwﬁ%ﬂiulw%)@to 0. 6 W%
based on the whol e of the epoxy resin conposition.
When the anount of the silane coupling agent (E)

Xm rponated is in the range described above, the

sHar act ftistics and flowability can be

gyner gi stic effect t?ggeof

Yn

wherein ‘X’ represents a hydrogen atom or: an alkyl group with
1 to 3 carbon atoms; ‘Y’ represents a hydrogen atom or a hydroxyl
group; each of '‘m’ and '‘n’ represents an integer of from 1 to
3; in the formula (9).

The compound represented by the formula (9) is obtained
for example in the fellowing manner. The compound is obtained
through a step of first reacting a tertiary phosphine i.e. a
tri-aromatic substituted phosphine with a diazonium salt to

substitutethetri-aromaticsubstitutedphosphine foradiazonium
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with the conpound (F) , and the reduction in soldering
resistance 34 in a sem conductor package caused by an
increase in the water absorption of the epoxy resin
conposition can be prevented. The conpound conpri si ng
an aromatic ring having two or nore hydroxyl groups
bound respectively to two or nore adjoining carbon
atonms_constituting the aromatic ring (F).used in the
I EN N (A1 FERPT B SfEY -hal e av ST PP IPFeRES§ricupe b hBf ted
" t han the hydroxyl groups. As the compound (F), the
hﬁﬁﬁ&8yclic conpound represented by the follow ng

o U AR P AL SRR SR
' f. Rl R5 i
kg GRS ARSI BN [B ) o 101

hydroxyl group, the other is a hydrogen atom a
hydroxyl group or a substituent group other than a
hydroxyl grepp; and each of R2, R3 and R4 is a
hydrjogen ato a hydroxyl group or a substituent
grou8+other 4dhydroxyl group; in the formula
R2CT2)f R3 (13) R7 # R4 R6 Rppyherein one of
hydr oxyl group, and when one of Rl and
ﬁgoup, the other is a hydrogen atom

wherein ‘P’ represents a phosphorus atom; each of R1, R2, and
R3 represents a substituted or unsubstituted alkyl group with
1 to 12 carbon atoms or a substituted or unsubstituted aryl group
with 6 to 12 carbon atoms and may be the same or different; each
of R4, R5 and R6 represents a hydrogen atom or a hydrocarbon
group with 1 to 12 carbon atoms and may be the same or different;
and R4 and R5 may be combined so as to form a ring structure;

in the formula (10}.

The phosphine compound used in the phosphine
compound/quinone compound adduct is preferably the one having
an aromatic ring unsubstituted or substituted with a substituent
group such as an alkyl group or an alkoxy group wherein an organic
group such as the alkyl group or alkoxy group has 1 to 6 carbon
atoms, and preferable examples Include triphenyl phosphine,
tris(alkylphenyl) phosphine, tris(alkoxyphenyl) phosphine,
trinaphthyl phosphine, and tris(benzyl) phosphine. From the
viewpoint of availability, triphenyl phosphine is preferable.

The quinone compoundused in the phosphine compound/quinone
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a hydroxyl group or a substituent group other than a
hydroxyl group; and each of R2, R3, R4, R5 and R6 is
a hydrogen atom a hydroxyl group or a substituent
group other than a hydroxyl group; in the fornula
(13). Specific exanples of the nonocyclic conpound
repr esent ed by the fornmula (12) include catecho

rogal | ol , i.c acid, allic acid esters and
CO%PP% rqRiet H&%Jee%pefar? FEBR hftp| @ESRAOQhOne,
_ oI cyclic co un resented by the formul a 13%
ché‘émﬂr}ez %ﬁ Pt AaF & tl‘ze%tarﬁ%ro&p g them,
d t t f
o ggﬁg{%ﬁﬂg&e A bsenan e b O Piemi T Seprgoe

stBaYyi g, t wo hydroxyl groups bound respectively to two
ad jOIthg carbon atons constituting the aromatic ring

F ovar T Se EARRE Y EHEDL ﬂtﬁeascyo‘@@%%{@ﬂuéﬁg“
cofpBhhdeidand ﬁn%@v%@e@ghegcﬂﬁcﬂaﬁ$§uf§&%o ; ﬁéfxﬁ?ﬁe

preferably a conpound whose nucleus 1s a hap ene

tert hgrpfpHawhiakatihbi EYqu@ﬂQné"cgi}nﬁ/&'ﬁirgf”hﬁg:rﬁte%*&hl btMer in
Specifically, the conmpound (F) in this case can be

a dadrveexaiplvh izhc onpotwsl daavbagliaseapiihal e8ecby ithe. adduct
such as 1, 2-di hydroxy napht hal ene, 2, 3-di hydr oxy

camaphtdidiadmedandlize desiwatt vies trerfeebblVhaseeconpoiinds as
(F) may be a mxture of two or nore thereof. The

acgimmtorofethgl conpounte e incenpor dtler] S ypridfieyabf yche
0.01 mt@bto 1 w% nore preferably 0.03 wt%to 0.8

adqiiel it ilow- nipwe R ertibISP1e05 We9reb DIBiRed,tirisse -
on Eﬂf whol e ei t he ep resin_conposition, \Wen the

© B T ORBbTRT tﬁ% byltrtteorf%r%%fédloé thpEpeerably

d e bed above e S racteristics

: O?@%?ﬁ“g‘ IEHTED 220 Be Fap 6% e e e iarus

at & fiech ﬁﬁlﬁtﬁol}r%ﬁh Ilpc? esc'r' hagf E&pu%@ diaig§r}tstht)1 drogen
and a reduction in the curing prdpertres o e e%oxﬁg

atdm€Sithat is, a compound comprising 1, 4-benzoquinone and

triphenyl phosphine added to each other.

The amount of the curing accelerator (D) used inthe present
invention is 0.1 wt% to 1 wt% based on the whole of the epoxy
resin composition. When the amount of the curing accelerator
incorporated is in the range described above, desired curing
properties can be obtained without deteriorating flowability.

Examplesof thesilane couplingagent (E) used inthepresent
invention include silane couplingagents including an epoxy group,
an amino group, an ureido group, or a mercapto group, or the
like, but is not particularly limited insofar as it can react

between the epoxy resin composition and the inorganic filler

to improve interface adhesion strength between the epoxy resin
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conposition and a reduction in the physical properties
of its cured product can be prevented. Although the
epoxy resin conposition of the present invention
conprises the conponents (A) to (F) as essentia
conmponents, it may further contain if necessary with
various additives, for exanple rel ease agents such as

- al [ b .
coBceLby ECVILL s SUED 88 CAHBRBRLARE copgesin
on 28k GRaSLEn Ay L RELP 981 0,208 £1REPASO! o200y

re8pecEatOOP thl agk o%%%@%idﬂéiigghglr%b etnr gé&n@%ghglt\i%ﬁting

such as silicone i cone r etc.

theRGgARK e #i0Ry EXCHABYES FUCH-&Son DI ST OX1 9856 referred

hydrate. The epoxy resin conposition of the present

tol hweainof:€anks kerpoaduced) by;: RRMOgeNaols e WXbRdof the

conmponents (A) to (F) and other additives by a m xer
cupind hecdé keratoror(@)nany ihgnpesad¢ks esad fiBdves storage
nel t - kneading the m xture by a heat roll, a kneader,
stalpi 1 8xt rudlericori ftikentilkeimpdoeootisngpdihg phaddeteristics
followed by grinding it. FIG 1 is a view showng a
ang foggaketitvnhl themyorngs s6fi c cdifecexanplee fofita the silane
sem conduct or _device conprising a sem conductor
cogpehr dEdapBul adied tiush thikesidann ewmposia irgrntolE) is
seniC%P%uctor encapsul ati on according to the present
SSTTRet ORT W ERICHhdYct e W diehbe RiT e of &¢ vpEpaund
cured die bonding material ,.106 on a die pad 102. The
(FEEngﬁoHEﬁQEOQh%F%ﬁﬁﬁF f@fp#§ngoﬁ%%%Ee&” @Pg 5%chﬁWP%%nd
1 I ne . Jh eri.conduct ar_ el enent 7
(e G T o Wi P R R o hpFedTR o ere

flc!;n*é% 114 dyS 18 4 BW S AW NG 2 +8LQASSKS %%hﬁgaéf ShUCLYESani e

anot her exanple of a sem conductor device

£1CHPPricsi R@nabeS eAE EOASKIC! Qncel g seraaps UL AL efo Widing
the resin conposition

resistance, flame resistance and low warpage can further be
improved. Byusingthesilane couplingagent (E) and the compound
({F) simultaneously, the epoxy resin composition is also made
excellent in storage stability at ordinary temperatures.

These silane coupling agents (E) may be used alone or as
a mixture thereof. The amount of the silane coupling agent (E)
used in the present invention is preferably 0.01 wt% to 1 wtg,
more preferably 0.05 wt% to 0.8 wt%, still more preferably 0.1
wt% to 0.6 wt%, based on the whole of the epoxy resin composition.
When the amcunt of the silane coupling agent (E) incorporated
is in the.range described above, the viscosity characteristics

and flowability canbe improved by the synergistic effect thereof

with the compound (F), and the reduction in soldering resistance
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for sem conductor encapsul ation according to the

present invention. A sem conductor elenent 201 is

nounted via a cured die bonding naterial 207 on one

side of substrate 202, and substantially the only one

side of the substrate on which the sem conductor

el ement 201 was nounted is encapsul ated with an

encapsulatln resin 205. Wrings 204 arranged in the

Ingypggeady ?raPéCE%%é%ftU&?@/%é( §b| teFgaEe 203the vaker

sen1conduc element 201. On the opposite side to

Oéfmorﬁ (P8 Ys F8§l6fc?rﬁ%osjs‘iﬂb§} (“&t0e P2OPre¥sNEet -

baII 206 are forned in garallel S0 .as

conﬁ%%ie&“t&upﬁecﬁppFﬁﬁé So%? %ﬂ%@%”§éﬁﬁ€8ngﬁgf69 two or

mofEAY T8l G bhR DRt %Bg%g‘?je A TS S SR LI R

caPEESENnd BYRDLI QR GonShd Lubag, 2 nggg%%gdg W Aot
éen SUC

nolding 1t by a con Iona

1n$éﬁﬂ§ﬁﬁhag§gwﬁp%SsuBQEPE§§§ﬁgﬁxﬂgﬁgtﬂgereﬁpkﬁ%téiéyoxyl

di ng Her el naft e examples o
gréRsenhs kﬁ\é&f&ﬂpﬁ:ﬁhn@rﬁf ) PLVh S8y b c SR thdPEp REsented
construed to limt the invention in any way. %)
by corpadndiord ngatbemi: 3z eXpr eSS Ha p@%?c@ic"‘@bﬁ}%und
Exanple Series | <Exanple 1-1> 38 The foll ow ng
rewEEeonent bywehe foXedwiatig ofalimdry (13¢nmpanabyresesdy a
m xer, nelted and kneaded by a heating roll at 80 to
100C, cool ed and ground to give an epoxy resin
conpqgyytion. The evaluation results are shown in
Tabl ¢ 1. Epoxy resin 1: Epoxy resin (a) of the fornmula

R% ¥R equivalent 180; nelting point 105C, the

r at t he component having a structure of the

f ou }%13 wth n equal to 0(ze 1(’65 was 8S% based on
R4he W the resin; hydrolyzable chlorine

R3

wherein one of Rl and R5 is a hydroxyl group, and when one of

R1 and R5 is a hydroxyl group, the other is a hydrogen atom,
a hydroxyl group or a substituent group other than a hydroxyl
group; and each of R2, R3 and R4 is a hydrogen atom, a hydroxyl
group or a substituent group other than a hydroxyl group; in

the formula (12).

R1 R2
HO R3
o
R7 R4 _
R6 R5

wherein one of R1 and R7 is a hydroxyl group, and when one of

Rl and R7 is a hydroxyl group, the other is a hydrogen atom,
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content, 100 ppm 6.0 parts by weight Phenol resin 1:
Phenol aral kyl resin containing bi phenyl ene

structure; a conpound represented by the formula (2)
or (3) (MeH 7851SS manufactured by Meiwa Pl astic

I ndustries, Ltd., hydroxyl group equival ent 203,

sof teni ng point 66C, represented by fornmula (2)

o WRLELD, el 3,0, PhORHL el B BOEL LS Pl
srh A Lo whereln B ks, 28 BhAILELe 914N Boon,

L GRl o SHdd a i dj
- BEbgeigelo Ll o LoumEa0n At LB Lt o

grBhespih nend. #oRafita by Mei ght  Coupl ing agent 1,
y-gl yci dyl propyl trimethoxy silane 0.6 part by wei ght

2, 3- Bpoytroxyxpaphtbal e ctndi RN DYoMEb Y represented
Carnauba wax 0.2 part by weight = Carbon black 0.3 part

by byhevgoghiula[ Bal ualilonk S9tdciepi,r arbhemollsigadiac acid,
| ow- pressure transfer nolding nmachine, the epoxy
gat bt Rrcionposizd  oanda riivpedtved titr@od .nofgediofispikambles
fl ow measurement in accordance with EMM -1-66 under
of the podandici i o pomplouadmsindt etsenpeddtyrte D rmi7iZC{13) include
transfer pressure of 6. 9 MPa and a retention tinme of
: Ryt naphdheRenenedsdréthvderxy [rewhténgens  Thed
qed iral flowis a paraneter of flowability, and higher
e%ﬁﬁ’mveﬁ FWEEG N di LBPRY L RS CBIPCERESH | BRADF PPN
The. unit is cm * Curing torgue ratio:, Using
CORPITHT A GerErTETER OiPEI SSTONLIER NBEXMinaFaEpaernd
re&Béé%?JgYEE@cFQWD 5890&ni£8€c£§ﬁéﬁ“%%%ﬁ% constituting the
aromatic ring is preferable from the viewpoint of easy control
of flowability and curing properties. 1In consideration of
sublimation in the kneading step, the compound is more preferably
a compound whose nucleus is a naphthalene ring of low volatility
and high weighing stability. Specifically, the compound {F) in
this case can be for example a compound having a naphthalene
ring, such as 1,2-dihydroxy naphthalene, 2,3-dihydroxy
naphthalene and a derivative thereof. These compounds (F) may
be a mixture of two or more thereof.
The amount of the compound (F) incorporated is preferably
0.01 wt% to 1 wt%, more preferably 0.03 wt% to 0.8 wt%, still
more preferably 0.05 wt% to 0.5 wt%, based on the whole of the
epoxy resin composition. When the amount of the compound (F)

incorporated is in the range described above, the viscosity

characteristics and flowability can be improved by the
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determined at a nold tenperature of 175C, 90 seconds

and 300 seconds after heating was initiated, and the

curing torque ratio (torque after 90 seconds)/(torque

after 300 seconds) was calculated. The torque

determ ned by the Curel astoneter is a paraneter of

thermal rigidity, and a higher curing torque ratio is
f excellent curing praoperties. The unit is

i ndi cat i

SYlla)onGIffS "%/ %F%ESE&IW%?{ i ngi% St gRst ePUpbl g fgent (E),
hi l.d duct of 50 nmm i [ t d 3,

an e i e Rae RO att Phese T Woril 5o0iE opoin
' f 7.4 f . i ng.

cottG e it AL o8 o P S P
CufEH”ﬁ?oﬁgﬁzkﬁﬁ BgsBkgyg?tgglded product was subjected

to um di f

icationtreatnent for 168 hours under the

envig QR ta 85CANoBRY calald e humidity, \aden

then nmeasured for weight chan et erm ne

inRRSOId ichpr1BesURhE ESmPbRYntel Gt o * 7l a8Bessential
resi stance: Using a transfer nolding machine, a flane

conpeiray-dant itesbySpeeti@n @Inthih MP hackBEekResstMasarious
formed at a nold tenperature of 175C for a transfer
addiitniyveaf, Adr seapidsrdDeand ageats isnghtasveatoira120; secondsg
at a transfer pressure of 9.8 MPa, and then tested
waxf oruchl ase ceehandanmeyx i nsatdordaneexwstihh shepolyethylene
specification of UL94 (vertical nethod). <<Evaluation
waxgt BaghedsSatty acidyp apckrdd stearimmofd eachzivststearate
speci nen, . 2) sumof afterflanme tine of 5 specinens,
andgyedah 88153 tidiFeate PrnBaBAEL 1 afsilesd nsuprARRES tS RN as
f h  test specipnen after the cond flane contact,
ca TP iadhaad §PO eidel O STTEHT RAET0reT PARBRESS-1 1 cone

o1 G008 - RBOLL TS S TAEL BR8N LSt BRRE TP oo
bishRY¥ReSxbYe nydrate.

The epoxy resin composition of the present invention can
be produced by homogeneously mixing components (A) to (F) and
other additives by a mixer or the like at ordinary temperatures,
then melt-kneading the mixture by a heat roll, a kneader, an
extruder or the like and cooling the product, followed by grinding
it.

FIG. 1 is a view showing a cross-sectional structure of
orne example of a semiconductor device comprising a semiconductor
element encapsulatedwiththe resincomposition for semiconductor
encapsulation according to the present invention. A
semiconductoreliement 101 is fixedviaacureddiebondingmaterial

106 on a die pad 102. The semiconducter element 101 is connected

via gold wires 103 to lead frames 104. The semiconducteor element

37




flame-emtting particles or droplet fromthe test
specinen, V-0: 1) 10 seconds or less, 2) 50 seconds
or less, 3) 30 seconds or |less, 4) absent, 5) absent,
V-1:. 1) 30 seconds or less, 2) 250 seconds or less, 3)
60 seconds or less, 4) absent, 5) absent, and V-2: 1)
30 seconds or less, 2) 250 seconds or less, 3) 60

d b t t. BO (B t
103° %%Sf%csﬁéuh%ié%r a@SrteQ-acaeﬁ@eéﬁiﬁ& W%‘w‘ié”"“ :
afte ? 1 i.s 30 seconds or nore. * Solde
resi Stance: Tﬁﬁﬁ&eg F%ﬂfh?%é%ﬁ?@sﬁrﬁﬁgFé?n I%ﬁ ure of
of 6 x 6 x 0.

orRRILTE oo £ TP DRI S SRSl 0B B0 T
seﬁléénéuétof'éﬂg gHEQﬁﬁul?E%gwﬂgﬁpthgnyggfﬁlé %.%gltéon

5C, for a transfer ti seconas or a

fo&'gEmQéOQQuéﬁ&PQQ&: 13k 1@nt LARSERIN rﬁ&%ﬂ%?f%%ﬁé%ts

MPa, then post-cured under the conditions o and

inGehouUbs, Zﬂ%eﬁﬂ@bﬁ&ﬁéﬁbf‘éﬂ@ﬂ@n@'EO?%&!%Buh&%@tQPQExcured
under the conditions of 85C, 85% and 48 hours, passed

disuborsshy ehyt& 14 Me97( LA s8e08d8e &f Ssivbdmstat 225C a0
nore) through an IR ref |Iow at a peak tenperature of

suR60&nt Amdl yredsuned yf onet diedpraas eheesabsabsence: efhich the
internal cracking and del am nati on by a scanning

seméoosdicteomigreph. 20 Solaemagteesi st ancep nas jardgedh an
interns of the nunber of defective packages

en@%@?ﬁtw é’éﬁam%a'it i oWibinghily lamdr orogchiaripet substrate

racki ng, per packages. <Exanples 1-2 to 1-17,
20 ﬁﬁ&%ﬁ%@‘éﬁ%@@édﬂﬂfﬁ%% 59 tb@:é%%@%d%t%element

2021 T LOTLR, T % 1200, 2 SPONY n 8Dy i e e
%ﬁ@ﬁ?é[ee %dzlﬁﬂ‘&e%v%rﬂ%egoéna%‘e vadarel ”a””%rraﬁe'l 5o as

eval uatron results are shownr1n

toT@@I@eﬁuﬂe&ga 2o @%p@rﬂsmhasumi other than those in
Exanple 1-1 are shown

These semiconductor devices are obtained by using, as the
encapsulating resin 105 or 205, the epoxy resin composition of
the present invention constituted as described above and molding
it by a conventional molding method such as transfer molding,

compression melding or injection molding.

EXAMPLES
Hereinafter, the examples of the present invention are
provided, but should not be construed to limit the invention

inanyway. Thecompoundingratioisexpressedinpartsbyweight.

Example Series I

<Example I-1>
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bel ow. Epoxy resin 2: Biphenyl type epoxy resin; epoxy
resin (a'-1) of the formula (6) (YX-4000 HK
manuf act ured by Japan Epoxy Resins Co., Ltd., nelting
poi nt 105C, epoxy equival ent 191, represented by the
fornmula (6).wherein R are a nethyl group in

3,3 ,5and S position, and a hydrogen atomin

' 3: . Ph I | kyl
oo s e D
f t d b K ft
cofBRURRELUES, Y BB AN 8 ol 1 PSR 1oy
APl 2l iyl e LEAALILNG BheRrlene . LML o

a CO[TpOUﬂd represen

Thé&%ﬁatm%&qég{e%@ﬁwg&ﬁ% Cﬁgm&ai . 1 nc.

sof teni ng poi nt roxy group eqU|vaIent 165,

r b 2 n
e o TeroRyner8ifgla i B Rkl ol (PRFTNLEREY

eqliSvaldyErnegenmat ©mqg @oiher mte; (Bhe Whalie BrRhd %oﬁ\ponent
phenyl ene group and R2 is a hydrogen at om Phenol

havesym 3trBkenek aovRlcakorRSiA, (Bl )CHTRAUAC DI 8$eDl edro)
by the formula (2) or (5) (softening point 80C,

wad\iiriobplsedr oupheceguibtal ehtchiEO0best aprieganilsd amy f arhhukane
(2) wherein R is a hydroxy phenylene group, R20H is

coplamal , 108 dpm)a hydrogen atom and R4 is a hydrogen
atom or fornmula (5) wherein RL is a hydrogen aton
Curing accelerator 2: 1, 8-Di azabicycl o(6.04p@yts by weight
undecene- 7 (abbreV|ated herei nafter as DBU) Curing

Phepkl J%ersoftrbr Phenert i M doter@sdforopspiasant léﬁplb@/nylene
St%ﬁr aa%%4ogp Pgépﬁégﬁéﬁgﬁg% 1§%€§$K¥§%7 l@eé%ésé%ﬁia)
Méﬁt7§§¥§§“ﬁ%n&%gktured by Meiwa Plastic Industries, Ltd.,
hydroxyl group equivalent 203, softening point 66°C, represented
by formula (2) wherein Rl is a biphenylene group, R20H is phenol,
R3 is a hydrogen atom, and R4 is a hydrogen atom, or formula
(3} wherein R1 is a biphenylene group and R2 is a hydrogen atom)
6.7 parts by welght
Fused spherical silica (average particle diameter 30 pm)
86.0partsbyweight
Curing accelerator 1, triphenyl phosphine 0.2 part by weight
Coupling agent 1, y-glycidylpropyltrimethoxy silane

0.6 part by weight

2,3-Dihydroxy naphthalene 0.05 part by weight
Carnauba wax 0.2 part by weight
Carbon black 0.3 part by weight
[Evaluation]
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0 Ph3P b (15) Coupling agent 2:

y- Mer capt opropyl trinmet hoxy silane 1, 2-di hydroxy
napht hal ene catechol pyrogallol 43 ill 1~ OOONMN
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ELGNTREG GRS | 1P (GBI T0 BB b Fe tndes then M

CONdlthg% 0f a mold temperature of 175°C, a transfer pressure
of 6.9 MPa and a retention time of 120 seconds, and then measured
for flow length. The spiral flow is a parameter of flowability,
and higher spiral flow is indicative of excellent flowability.
The unit is cm.

*Curing torque ratio: UsingCurelastometer (JSRCurelastometer
IVPS manufactured by ORIENTEC Co., Ltd.), the torque was
determined at a mold temperature of 175°C, 90 seconds and 300
seconds after heating was initiated, and the curing torque ratio
(torque after 90 seconds)/(torque after 300 seconds) was
calculated. The torque determined by the Curelastometer is a
parameter of thermal rigidity, and a higher curing torque ratio
is indicative of excellent curing properties. The unit is %.
* Water absorption: Using a transfer molding machine, a molded
product of 50 mm in diameter and 3 mm in thickness was molded
at a mold temperature of 175°C, at a transfer pressure of 7.4
MPa for a curing time of 2 minutes, and then post-cured at 175°C
for 8 hours, and the resulting molded product was subjected to
humidification treatment for 168 hours under the environment
of 85°C and 85% relative humidity, and then measured for weight
change to determine water absorption. The unit is % by weight.
* Flame resistance: Using a transfer molding machine, a flame
retardant test specimen of 3.2 mm in thickness was formed at

a mold temperature of 175°C for a transfer time of 15 seconds
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<<Ewvaluation standards>>

In:
1) afterflame time of each test specimen,
2) sum of afterflame time of 5 specimens,
3) sum of afterflame time and flameless burning time of each
test specimen after the second flame contact,
4) presence or absence of afterflame or flameless burning up
to holding clamp of each test specimen, and
5} presence or absence of ignition of cotton caused by
flame-emitting particles or droplet from the test specimen,
V~-0: 1) 10 seconds or less, 2} 50 seconds or less, 3) 30 seconds'
or less, 4) absent, 5) absent,
V-1: 1) 30 seconds or less, 2) 250 seconds or less, 3) 60 seconds
or less, 4) absent, 5) absent, and
V-2: 1} 30 seconds or less, 2) 250 seconds or less, 3) 60 seconds
or less, 4) absent, 5) present.
BO (Burnout): There are two or more test specimens where the
afterflame time is 30 seconds or more.
* Soldering resistance: Using a low-pressure transfer molding
machine, a frame having an Si chip of 6 x & x 0.30 mm bonded to
100 pQFP (Cu frame) with a body size of 14 x 14 x 1.4 mm was molded
at a mold temperature of 175°C, for a transfer time of 10 seconds,
for a curing time of 90 seconds and at a transfer pressure of

8.8 MPa, thenpost-curedunder the conditions of 175°C and 8 hours,
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e anple S rles ) 123 Epoxy resin3 9.3 8.0 Epoxy

esin %A Phenol resin 1 6.6 Phenol resin
SUE’JSCP ficgtgopdyreaigean s phdercilhe siq ncbetl@@soof

85&%586@@9@%0%3 N

P b gk o 052, P hPaIag i F T Fenpesk tagpessture
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by a heating ro at ~80
packagesgeneratingdelaminationof chipand/orinternal cracking,

per 10 packages.

<Examples I~-2 to I-17, Comparative Examples I-1 to I-3>
According to the formulations in Tables 1 and 2, epoxy
resin compositions were produced in the same manner as in Example
I-1 and evaluated in the same manner as in Example I-1. The
evaluation results are shown in Tables 1 and 2.
Components used other than those in Example I-1 are shown
below.
Epoxy resin 2: Biphenyl type epoxy resin; epoxy resin (a’-1)
of the formula (6) (YX-4000 HK manufactured by Japan Epoxy Resins
Co., Ltd., melting point 105°C, epoxy equivalent 191, represented
by the formula (6) wherein Rl are a methyl group in 3,3’,5,and
5'position, and a hydrogen atom in remaining position)
Epoxy resin 3: Phenol aralkyl type epoxy resin containing
biphenylene structure (NC-3000 manufactured by Nippon Kayaku
Co., Ltd., softening point 56.5°C, epoxy equivalent 274)
Phenol resin 2: Phenol aralkyl resin containing phenylene
structure, a compound representedby the formula (2} or (3) (XLC-4L

manufactured by Mitsui Chemicals, Inc., softening point 65°C,
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cool ed and ground to give an epoxy resin conposition.
The evaluation results are shown in Table 3. Epoxy
resin |: Epoxy resin (a) of the formula (11) (epoxy
equi valent 180; nelting point 105C, the ratio of the
conponent having a structure of the formula (11) wth
n equal to O(zero) was 85% based on the whole of the
resin; hydrolyzabl e chlorine content, 100 ppm) 8.1
hygap¥ ¥l ByouBicgHi VaPRER 16 Op ainy eBenAeddnpbumila (2) wherein
represented by the fornmula (2) or_ (5). (softening
Rlplo?p it p%%’@,’f?&%rg&wrg%% %e%ea%mfzﬁeﬁ, a fhejsiregisnt agon,
formil a, (2 erein is.a drooxy phenyl ene
andhd i TSt o TR Mt Sh e Bhnreene
' en ato or formula (5 45 wherein R is a
gr%@%?%g%%&ggéhf'Eygkﬁg?Psa 9m i ght Fused spherica
e .aver.ag ti cl i a 30 36. arts b
Ph%%é%ﬁ%ﬁﬁ%bsd Fh B ﬁ%f%lgklgg%?ﬁ aﬁ%%@bun% Eeﬁgeﬁg ted

ing ‘accel erator 1, triphe osp

i g | i : : o
o B COHEL IS £ RSBty o gy v

2i A Ry do 9X ¥ eparbihed €8¢ L Ar1Bart) By MEiORY
eqC%rnauba wax 8?2 part byﬁmeight a%ﬁrb&% blacklgfﬁh%gﬁ?xy

phdyy Mg RtroublFvad vrtiisophehbe, spi ral af hpdbogat laRent, Ok AHER1
rati o, water absorption and flanme resistance were

is evieydradcggeh BhohhersaoEmmBnNne) wisendirERANR € hydekiges dtom)
The Fl exural nodul us upon heating, package war page and

Curiglderdasg srrasiost dncel Merld sevaaliugtéd (bndt e foldcaiany
manner. * Fl exural nodul us upon heating: Using a

(ahhegidpdednbledenganbehi a2, DBY test specinmen of 80 mmin

length, 10 mmin_ width and 4 mmin thickness
Curing accelerator 3: A curing accelerator represented by

formula (14):

on s, {‘o@soz—@ml {Hou@soz@o{

(14)

Curing accelerator 4: A curing accelerator represented by

formula {(15):

3 (157

Coupling agent 2: fy—-Mercaptopropyltrimethoxy silane
1,2~dihydroxy naphthalene
catechol

pyrogallol
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the treatnent,

del am nati on and
acoustic tonograph to count the

presence or absence of

i nt er nal

cracki ng was observed by a scanning
nunber of defective

is n,

packages. Wen the nunber of defective packages
n/8 is indicated. < gp es 11-2 to 11-16, Cbnparatlve
Exanples 11-1to |1- eA?"cordlng to the fornul ations

in Tables 3, 4 and 5,
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formula (3) wherein Rl is a biphenylene group and R2

is a hydro%gn atom) Phenol resin 3: Triphenol nethane
Examp 19 eS9iHetfolL Ir esi n ( MEH 7500 manuf actured by Meiwa
Ltd., softening point 110.0C,

<ExaPI@sg§§ fndustrles

The following components were mixed at ordinary temperatures
by a mixer, melted and kneaded by a heating roll at 80 to 100°C,

cooled and ground to give an epoxy resin composition.

11791 oup eqU|vaIent 97)

results are shown in Table 3.

Epoxy resin 1:
180; melting point 105°C; the ratio of the component having a structure
of the formula (ll1) with n equal to 0(zero) was 85% based on the

whole of the resin; hydrolyzable chlorine content,

Phenol resin 1:
(softening point 80°C, hydroxyl group equivalent 105, represented
by formula (2) whereinR1l is a hydroxy phenylene group, R20H is phenol,

R3 is a hydrogen atom,

Epoxy resin (a

and R4 1s a hydrogen atom,
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) of the formula {(11) {(epoxyequivalent

100 ppm)

8.1 parts by weight

A compound represented by the formula (2) or (5)

or formula



Curing accelerator 2: 1,8-D azabicycl o(5.4.0)
undecene-7 (abbreviated hereinafter as DBU) Curing
accelerator 3: A curing accel erator represented by
formula (14): [Ph4P ]2 [_0s020oH1 2 L 1 (14) Curing
accelerator 4: A curing accelerator represented by
WherF&Pngials(ﬁS ydpaoes 58P (15) Coupl i ng agent 2:
y- Mer capt opropylirinet hoxy silane 1,2-di hydroxy
napht hal ene ca ‘ecf?cf’irﬁsp ro@’glllgg:g 49 O r NMNN M-It

rusel SRPAD QAL lnz Qo AL oL MBS, NMfhae O

toN Np OC RNMNNMNO ~ a0 g 0 0. Q.
>100 Il toRNNNO) NNOM " Ok Brovgiget

Curihgchccelerator 1, triphenyl phosphine
0.2 part by weight
Coupling agent 1, y-glycidylpropyltrimethoxy silane

0.6 part by weight

2,3-Dihydroxy naphthalene 0.05 part by weight
Carnauba wax 0.2 part by weight
Carbon black ‘ 0.3 part by weight
[Evaluation]

The spiral flow, curing torque ratio, water absorption and
flame resistance were evaluated in the same manner as in Example
Series I. The Flexural modulus upon heating, package warpage and
soldering resistance were evaluated in the following manner.

* Flexural modulus upon heating: Using a transfer molding machine,
a test specimen of 80 mm in length, 10 mm inwidth and 4 mm in thickness
was molded under the conditions of a mold temperature of 175°C, a
transfer pressure of 9.8 MPa and a curing time of 120 seconds, then
post-cured by heating at 175°C for 8 hours and measured for Flexural
modulus upon heating in accordance with JIS K 6911 (at 260°C). The
unit is N/mm?.

* Package warpage: Using a transfer molding machine, 225 p BGA
(substrate thickness 0.36 mm, bismaleimide/triazine/glass cloth
substrate; package with a size of 24 x 24 mm and thickness 1.17 mm;

silicon chip with a size of 9 x 9 mm and thickness 0.35 mm; the chip

was bonded via gold wires of 25 um in diameter to a bonding pad of

the circuit substrate} was molded at a mold temperature of 180°C,
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at 1NN for 8 hours. After coocling to roomtemperature, displacement
in the direction of height was measured in the direction of a diagonal
line relative to the gate of the package by using a surface roughness
meter, and the maximum difference in displacement was expressed as
warpage. The unit is um.

* Soldering resistance: Using a transfer molding machine, 225 p
BGA (substrate thickness 0.36mm, bismaleimide/triazine/glass cloth
substrate; package with a size 24 x 24 mm and thickness 1.17 mm;
silicon chip with a size of 9 x 9 mm and thickness 0.35 mm; the chip
was bonded via gold wires of 25 pm in diameter to a bonding pad of
the circuit substrate) was molded at a mold temperature of 180°C,
at a transfer pressure of 7.4 MPa and for a curing time of 2 minutes.
8 packages subjected to heat treatment at 175°C for 8 hours as
post-curing were subjected to humidification treatment at 85°C under
60% relative humidity for 168 hours, and then subjected to IR reflow
treatment (260°C and conditions according te JEDEC Level 2). After
the treatment, presence or absence of internzal delamination and
cracking was observed by a scanning acoustic tomograph to count the
number of defective packages. When the number of defective packages

is n, n/8 is indicated.

<Examples II-2 to II-16, Comparative Examples II-1 to II-6>
According to the formulations in Tables 3, 4 and 5, epoxy resin
compositions were produced in the same manner as in Example TI-1
and evaluated in the same manner as in Example II-1. The evaluation
results are shown in Tables 3; 4 and 5.
Components used other than those in Example II-1 are shown
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the 1931(1191 (@) O(Y% QO%OCP-IKtn%nufactured by Japan Epoxy Resins Co.,
Ltd., melting point 105°C, epoxy equivalent 191, represented by the
formula (6) wherein Rl are a methyl group iﬁ 3,3",5,and 5'position,
and a hydrogen atecm in remaining position)

Epoxy resin 3: Triphenol methane type epoxy resin (E-1032H60
manufacturedby Japan Epoxy Resins Co., Ltd., softeningpoint 60.0°C,
epoxy equivalent 171)

Phenol resin 2: Phenol aralkyl resin containing biphenylene
structure, a compound represented by the formula (2) or (3)
(MEH-78515SmanufacturedbyMeiwa Plastic Industries, Ltd., hydroxyl
group equivalent 203, softening point 66°C, represented by formula
(2) whereinRIl is a biphenylene group, R20H is phenol, R3 is a hydrogen
atom, and R4 is a hydrogen atom, or formula {3} wherein Rl is a
biphenylene group and R2 is a hydrogen atom)

Phenol resin 3: Triphenol methane type phenol resin (MEH-7500
manufactured by Meiwa Plastic Industries, Ltd., softening point
110.0°C, hydroxyl group equivalent 97)

Curing accelerator 2: 1,8-Diazabicycle(5.4.0} undecene-7
(abbreviated hereinafter as DBRU)

Curing accelerator 3: A curing accelerator represented by formula

(14):

i, [ o] o o

(14)

Curing acceleratcr 4: A curing accelerator represented by formula
(15):
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3 o Ative exanmple (Series(1B) 1 2 3 4 Epoxy resin
) 8.5 8.3 Epoxy resin 3 8.2 7.9

Coupling agent 2:

y-Mercaptopropyltrimethoxy silane

1,2-dihydroxy naphthalene

catechol

pyrogalleol
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Table 3

(B) Phenol resin 1 4.9 4.5 Phenol resin 3 4.6 4.3 (O
Fused spherical silica 86.0 86.0 86.0 86.0 (D) Curing
accelerator 1 0.2 0.2 0.2 0.2 (E) Coupling agent 1
0.3 0.30.30.3 (F) 2,3-D hydroxy naphthalene 0.2 0.2
0.2 0.2 Carnauba wax 0.2 0.2 0.2 0.2 Carbon black 0.3
0.3 0.30.3 Spiral flow[cm 80 85 98 105 Curing
torque ratio [94 75 72 65 61 Water absorption [%A
0.28 0.26 0.25 0.24 Flane resistance (UL-94) BO BO BO
BO Flexural nodul us upon heating [N nm2] 5000 4500
1800 1600 Package warpage [ m 38 45 92 98 Sol deri ng
resistance (n/8) 8 8 6 6 Exanple Series IIl The
phenol resins Ato E used in the Exanpl es and
Conparative Exanples are phenol resins represented by
formula (5), and the properties thereof are shown in
Table 6. OHOHOHHCCH (5 HZHZRL RLRL Table 6
Phenol resin A B CDE Wight average nol ecul ar

wei ght 500 600 350 650 1500 Mwm Mn 1.2 1.3 1.3 2.2 3.6
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Table 4

52 <Exanple I11-1> The foll owm ng conponents were m xed
at ordinary tenperatures by a mxer, nelted and
kneaded by a heating roll at 80 to 100C, cooled and
ground to give an epoxy resin conposition. The
evaluation results are shown in Table 7. Epoxy resin
| : Epoxy resin (a) of the fornmula (11) (epoxy

equi valent 180; nelting point 105C, the ratio of the
conponent having a structure of the formula (11) wth
n equal to O(zero) was 85% based on the whole of the
resin; hydrolyzable chlorine content, 100 ppm 8.1
parts by weight Phenol resin A 4.7 parts by wei ght
Fused spherical silica (average particle dianeter 30
nm 86.0 parts by weight Curing accelerator 1,

tri phenyl phosphine 0.2 part by weight Coupling agent
1, y-glycidylpropyltrinethoxy silane 0.6 part by

wei ght 2,3-Di hydroxy napht hal ene 0. 05 part by wei ght
Carnauba wax 0.2 part by weight Carbon bl ack 0.3 part
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and evaluated in the sanme manner as in Exanple II1-1.

The eval uati on

results are shown in Tables 7, 8 and

9. Conponents used other than those in Exanple I11-1

are shown below Epoxy resin 2: Biphenyl

epoxy resin (a'-1) ]‘
““m¢ﬂ;nanuiaftured hv -E%nyv

resin;
1nnnn

type epoxy
the formula (6) (YX-4000

Resins Co Ltd
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Example Series III

The phenol resins A to E used in the Examples and Comparative

represented by fornula

(14):

54 11 |

Examples are phenol resins represented by formula (5), and the
properties thereof are shown in Table 6.
OH OH
N /\ \\
H— ] H (5)
K% \;%2/
R1
Table 6
Phenol resin
A B C D E
Weight average molecular weight 500 600 350 650 1500
Mw/Mn 1.2 1.3 1.3 2.2 3.6
Softening point [°C] 65 68 58 68 90.0
Hydroxyl eroup equivalent [g/eq] 104 104 104 104 105

a2




Curing accelerator 4: A curing accelerator represented
by formula (15) : 0 Ph 3P b (15) Coupling agent 2:

y- Mer capt opropyl tri nmet hoxy silane 1, 2-di hydroxy

napht hal ene catechol pyrogallol 55 h N MNN Map M

<EX39€9806965%% o -0 (D O (NDOMRNNNMMN~EI v {/loooooowooIr OEMN
8%8 %%%%nﬁocomp%r%m% %eMel-\Piu\i\(}éﬁ R/Fﬁr nary e@;%rﬁtﬁlres
by a mE&gEC)ﬁéﬂé%d éﬁ&‘%ﬁ@ad@HEEhb%;hiéﬁéﬁé?4§lw : ?%Skﬁiﬂiéo°c,

OOOON
cooleMaﬂ&é%od%ﬁ%@gl%@£%é§b£&9e§l5%ghbgsgkighﬁngéevaluation

results are shown in Table 7.
Epoxy resin 1l: Epoxy resin {(a) of the formula (11) (epoxy equivalent
180; melting point 105°C; the ratio of the component havinga structure
of the formula (11) with n equal to 0{zero) was 85% based on the
whole of the resin; hydrolyzable chlorine content, 100 ppm)

| 8.1 parts by weight
Phenol resin A 4.7 parts by weight
Fused spherical silica (average particle diameter 30 um)

86.0 parts by weight

Curing accelerator 1, triphenyl phosphine 0.2 part by weight
Coupling agent 1, y-glycidylpropyltrimethoxy silane

0.6 part by weight

2, 3-Dihydroxy naphthalene 0.05 part by weight
Carnauba wax 0.2 part by weight
Carbon klack 0.3 part by weight
fEvaluation]

The spiral flow, curing torque ratio, water absorption and
flame resistance were evaluated in the same manner as in Example
Series I. The Flexural modulus upon heating, package warpage and

soldering resistance were evaluated in the same manner as in Example

Series II.

<Examples III-2 to III-17, Comparative Examples IIT-1 to IIT-12>
According to the formulations in Tables 7, 8 and 9, epoxy resin

compositions were produced in the same manner as in Example ITI-1
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Components used other than those in Example ITII-1 are shown

e
égZ
Iﬁf—l'
e

below.

Epoxy resin 2: Biphenyl type epoxy resin; epoxy resin {a’-1) of
the formula (6) (YX-4000 HK manufactured by Japan Epoxy Resins Co.,
Ltd., melting point 105°C, epoxy equivalent 191, represented by the
formula (6) wherein Rl are a methyl group in 3,37, 5,and 5’ position,
and a hydrogen atom in remaining position)

Epoxy resin 3: Triphenol methane type epoxy resin (E-1032H60
manufactured by Japan Epoxy Resins Co., Ltd., softening point 60.0°C,
epoxy equivalent 171)

Phenol resin 1: Phenol aralkyl resin containing biphenylene
structure, a compound represented by the formula (2) or (3)
(MEH-7851SS manufacturedbyMeiwa Plastic Industries, Ltd., hydroxyl
group equivalent 203, softening point 66°C, represented by formula
(2) whereinR1 is a biphenylene group, R20H is phenol, R3 is a hydrogen
atom, and R4 is a hydrogen atom, or formula (3} wherein Rl is a
biphenyleﬂe group and R2 is a hydrogen atom)

Phenol resin 2: Triphenol methane type phencl resin (MEH-7500
manufactured by Meiwa Plastic Industries, Ltd., softening point
110.0°C, hydroxyl group equivalent 97)

Curing accelerator 2: 1,8-Diazabicyclo(5.4.0) undecene-7
{abbreviated hereinafter as DBU)

Curing accelerator 3: A curing accelerator represented by formula

(14):
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Table 8 Exanple (Series I11) 10 11 12 13 14 15 16 17

(A) Epoxy resin 1 (a) 10.6 6.8 8.1 8.1 8.1 8.18.08.1

(B) Phenol resin A 6.2 4.0 4.7 4.7 4.7 4.7 4.7 4.7

(C Fused spherical silica 82.0 88.0 86.0 86.0 86.0

86 0 86.0 86.0 (D) Curing accelerator 1 0.2 0.2 0.2
.2 Curlng accelerator 0] 2 Curlng accel erator

r| cceler 4 0.2 |(E) Cc6Ep |ng ag 0.
[Ph Fo ).-X )-008 FHO% m@—OH
nap thale 2 0.2 0.2 -| ydrox
napht hal ene 0. 2 Catechol . rogaIIoI 0.2 ~ Carnauba'
wax 0.2 0.2 0.2 0.2 0.2 O 2 0.2 0.2 Carbon black 0.3
0.3 0.30.30.30.30.30.3 Spiral flow[cnj 178 9914)
: 13. 122 [ 9
Cum% ]ascslar”% gse%%%ﬁ O%8§58% %@%%g%gp%f%gﬁgﬁﬁ%% glt%@l%f}% ggma

(15)90.22 0.22 0.22 0.22 0.22 Flanme resistance (UL-94) V-0
V-0 V-0 V-0 V-0 V-0 V-0 V-0 Flexural nodul us upon
heating [N mMm®2] 990 1430 1110 1100 1110 1120 1120 1050
Package warpage [ n] 46 56 56 55 55 57 55 Sol derin
resi®@tance (n/8) 680 0 0 00000 57 Table 9
Conpar ati ve exanple (Series I11) 1 23 456 78

8 resin 2 (a'-1) 8.5 8.818)3 8.3 Epoxy resin 3
D 7.9 7.9

Ph,P

Coupling agent 2: fy-Mercaptopropyltrimethoxy silane
1,2-dihydroxy naphthalene
catechol

pyrogallol

55



Table 7

(B) Phenol resin C4.9 4.5 Phenol resin D 4.9 4.5
Phenol resin E 4.9 4.5 Phenol resin 2 4.6 4.3 (O
Fused spherical silica 86.0 86.0 86.0 86.0 86.0 86.0
86.0 86.0 (D) Curing accelerator 1 0.2 0.2 0.2 0.2
0.2 0.20.20.2 (E) Coupling agent 1 0.3 0.3 0.3 0.3
©0.30.30.30.3 (F) 2,3-D hydroxy naphthalene 0.2 0.2
0.2 0.2 0.2 0.2 0.2 0.2 Carnauba wax 0.2 0.2 0.2 0.2
0.2 0.2 0.2 0.2 Carbon black 0.3 0.3 0.3 0.3 0.30.3
0.3 0.3 Spiral flow|[cn] 80 118 95 81 98 155 135 99

Curing torque ratio [9%4 75 58 60 74 65 48 51 68 Water
absorption [9% 0.28 0.27 0.28 0.28 0.25 0.24 0.25 0.25
Fl ame resistance (UL-94) BO BO BO BO BO BO BO BO

Fl exural nodul us upon heating [N nmm®2] 5000 3700 4000
4800 1800 1500 1700 2300 Package warpage [u m 38 68
65 42 92 102 92 93 Soldering resistance (n/8) 8 6 6 7
6 6 6 7 Exanple Series |V <Exanple IV-I> The
foll owi ng conponents were m xed at ordinary
tenperatures by a mxer, nelted and kneaded by a
heating roll at 80 to 100C, cooled and ground to give
an epoxy resin conposition. The evaluation results
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poi nt 85C and hydroxyl group equivalent 210) 58 6.8

parts by weight OH OH HH OH (16)

z H2 n

Fused

spherical silica (average particle dianeter 30 n) 86.0
parts by weight Curing accel erator
phosphine 0.2 part by wei ght
y-gl yci dyl propyl trimethoxy silane 0.6 part by wei ght
§art by wei ght

Car bon bl ack 0.3 part

2, 3- Di hydr oxy napht hal ene O 05

Carnauba _wax 0.2 part by me

1, triphenyl

Coupl i ng agent

1,

by MEIght [Evaluation] T

e splra

T |EQé/M1pI&(‘$%Hé}QII)t orque

rati o, water absorption apd |§pE &S] qga 92 Mﬁﬁﬁ 6 1 17

EE‘%@I 50 )I Tt TE Sarre T I:ibﬁ I-DE ﬁ |§ C1) } Y
Ul Cll Iludul oS upun Iléu } uuku e :Bnr Juﬂe @m .
PO A oo s anaa ancal dial AL ddbd ol dsle] dant piott | 47
Fusedisphepical it Series |1 | 88&n#B0a<B6I0- 86.G b8G.0/f 860 | 860 | 86.0
Camgparederatve 1TExanpl es | V- 1] t02 | \8.53 0.AdcoLdj ©@ (o the
Chrermabadrbton? i n Tables 10 11jand |12, fepoxy rEsin
CoaEResdidhions Wer € producefl 1 n|The|[samg manner As 11 o3
Cm%é‘e@eratloyzl-l 9_!’10 evai Iuat u.(j Tt nGF SANE Ilbé’ll:ﬂlel as—{m 0.2
Gmﬁ?aggqtl .IV L. The  evaru 1,9:3; 0-.—33L U%% g -:I?_\IQOId v Irol3lrl L 03| 03
2,3-Di 02e| A2 EpoXy relsin 02|02 02
1 By peria nqpbfrhde'@ﬂnoxv resinf epbxy eb?r of |the fornula
|c4teahol YX- 4000 HKmanuf act urled by Japan Epegyl Resj ns [o.

Pyrogalld. , melti ng 59 0.2
Carnauba wax 02102 )] 02 02)02)]02{02] 02
Carbon black 03| 0303|0303} 03]| 03] 03
Spiral flow Lem]] 178 99 121 1 120 ) 121 { 113 | 122 | 118
Curing torgue ratio [9%]] 49 | 65 59 59 58 | 58 58 58
Water absorption f26]] 026 | 0.18{ 0.22 | 022 | 022 ]| 022 | 0.22 | 0.22
Flame resistance WL-9) | v-0 | VO | v-0|Vv-ojVv-0]v-0lv-0]V-0
Flexural modulus upon heating [N/mm?]] 990 | 1430} 1110 1100 | f110| 1120 1120 1050
Package warpage [um]] 68 | 48 56 56 | 55 | 55 | 57 55
Soldering resistance {n/8)1 © 0 0 0 0 0 0 0
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poi nt 105C, epoxy equival ent 191, represented by the
formula (6) wherein R1L area nethyl group in 3, 3 |
5, and 5 position, and a hydrogen atomin remaining
posi tion) Epoxy resin 3: Triphenol nethane type epoxy
resin (E-1032H60 nanufactygg? by Japan Epoxy Resins
Co.. . Ltd . softening point epoxy eguival ent

171) Phenol resin 2: Phenpl arab&warert%bfhnfbmsadldsllmg

bi phenyl ene structure, a cpnpoginfl geprgsénged By [tHe] 3
Egoggpg%naz(agnor (3) TIVEFF[T8 5Ilbb AT aCTPTER Oy WL g3
Edogresing T T o et g2 L o] gl P e e

(B) UJ[ QUL CIII Ilg pU| Ill. \VA AW iecz i;:gz C ;;q_:yi :U;‘-};;:;#:& \5{2
F’hneéilloélzrl eEﬂi mi,';pr' !mpni m‘nml asnd IEH a_hydr bgen] at ofn_of 45
PhepeliresimE(3) wherein R a__|bi phenyl Edé@ proup and R2| 45
Phegolaedky@r ogen at om Phend 4Besin B: Tri pherad | et hane

(C)F ds¥P&pheh@glicar esi n (MEH 73088 o naynif sed Lseas| Byo MBb et 86.0 | 86.0

D)|curn@atdeferiRAYSTTT €S, LT, | 5OTT §RI NG ;PO oLV @ 02 | 02

(©)]cBHEZEYL BToup eau Xdke"?nt-éintfﬁ' 103 Pl 0d] 63 7'03 | 03

Ol2Dilosy T HE s curs A0 A dfek Q20 04| B2y 02 | 02
Carpavba WXt or repr esent ed yOfar Bl |a02(1 By | Op2phA¥? [ 0.2 | 0.2
Cerbpadpeohy] 2 [ Hoso2oH 1 [(04)] 08ur pAgl asckiosr Ao | 0.3 A 03
Speairfiowg accel er at or repereHent dditsy] orjmalial 981b)s5 | Q35 | 99

CuRhBRr{ukbhtio 60 Coupl i ngegtlens 1258 | 60 | 74 | 65 | 48 | 51 | 68

WarerVBE&BREOPT OPYT TT T MelBoNY &[T 6¥¥ 0.7 [20.5H Ny PBY4 | 0.25 | 0.25

FIAVLRaL&ENe catecholy o[ Bo [ Bo | BO | BO | Bo | BO | BO | BO

Flexural modulus upon heating [N/mm?]] 5000 | 3700 | 4000 | 4800 | 1800 1500 1700 | 2300

Package warpage [um]] 38 | 68 | 65 | 42 | 92 | 102| 92 | 93

Soldering resistance (n/8)] 8 6 6 7 6 6 6 7

Example Series IV
<Example IV-1>

The following compeonents were mixed at ordinary temperatures
by a mixer, melted and kneaded by a heating roll at 80 to 100°C,
cooled and ground to give an epoxy resin composition. The evaluation
results are shown in Table 10.
Epoxy resin 1: Epoxy resin (a) of the formula (11) {epoxy equivalent
180; melting point 105°C; the ratio of the component having a structure
of the formula (11) with n equal to O(zero) was 85% based on the
whole of the resin; hydrolyzable chlorine content, 100 ppm)

5.8 parts by weight

Phenol resin 1: Naphthol aralkyl resin containing phenylene
structure; Phenol resin represented by the formula (16) (softening

point 85°C and hydroxyl group equivalent 210)
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4 (16)

Fused spherical silica (average particle diameter 30 um)
86.0 parts by weight

Curing accelerator 1, triphenyl phosphine 0.2 part by weight

Coupling agent 1, y-glycidylpropyltrimethoxy silane

0.6 part by weight

2,3-Dihydroxy naphthalene 0.05 part by weight
Carnauba wax 0.2 part by weight
Carbon black 0.3 part by weight
{Evaluation]

The spiral flow, curing torque ratio, water absorption and
flame resistance were evaluated in the same manner as in Example
Series I. The Flexural modulus upon heating, package warpage and
soldering resistance were evaluated in the same manner as in Example

Series II.

<Examples IV-2 to IV-16, Comparative Examples IV-1 to IV-6>
According to the formulations in Tables 10, 11 and 12, epoxy
resin compositions were produced in the same manner as in Example
IV-1 and evaluated in the same manner as in Example IV-1. The
evaluation results are shown in Tables 10, 11 and 12.
Compeonents used other than those in Example IV-1 are shown
below.
Epoxy resin 2: Biphenyli type epoxy resin; epoxy resin of the formula
(6) (YX-4000 HKmanufactured by Japan Epoxy Resins Co., Ltd., melting
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Epoxy resin 3: Triphenol methane type epoxy resin {(E-1032HG60
manufacturedby Japan Epoxy Resins Co., Ltd., softeningpoint 60.0°C,
epoxy equivalent 171) |

Phenol resin 2: Phenol aralkyl resin containing biphenylene
structure, a compound represented by the formula (2) or (3)
(MEH-785188manufacturedby Meiwa Plastic Industries, Ltd., hydroxyl
group equivalent 203, softening point 66°C, represented by formula
(2) whereinR1 is a biphenylene group, R20H is phenol, R3 is a hydrogen
atom, and R4 is a hydregen atom, or formula (3) wherein Rl is a
biphenylene group and R2 is a hydrogen atom)

Phenol resin 3: Triphenol methane type phenol resin (MEH-7500
manufactured by Meiwa Plastic Industries, Ltd., softening point
110.0°C, hydroxyl group eguivalent 97)

Curing accelerator 2: 1,8-Diazabicyclo(5.4.0) undecene-7
{(abbreviated hereinafter as DBU)

Curing accelerator 3: A curing accelerator represented by formula

(14):

[l | o )rso Ao Ho@soz@%

(14}

Curing accelerator 4: A curing accelerator represented by formula

(15) :
o
+

Ph,P (15)
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Table 11

to 15) <Exanple V-1> The follow ng conponents were

m xed at ordinary tenperatures by a mxer, nelted and
kneaded by a heating roll at 80 to 100C, cooled and
ground to give an epoxy resin conposition. The
evaluation results are shown in Table 13. Epoxy resin
1: Epoxy resin (a) of the fornmula (11) (epoxy

equi valent 180; nelting point 105C, the ratio of the
conponent having a structure of the formula (11) wth
n equal to O(zero) was 85% based on the whole of the
resin; hydrolyzable chlorine content, 100 ppm 1.8
parts by weight Epoxy resin 2: Biphenyl type epoxy
resin; epoxy resin (a'-1) of 64 the fornula (6)
(YX4000 HK manufactured by Japan Epoxy Resins Co.,
Ltd., epoxy equivalent 191, nelting point 105C,
represented by the forrmula (6) wherein R are a

met hyl group in 3, 3" , 5 and 5 position, and a
hydrogen atomin remaining position) 4.3 parts by
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0.3 part by weight 2,3-D hydroxy naphthal ene 0.2 part
by wei ght Carnauba wax 0.2 part by wei ght Carbon

bl ack 0.3 part by weight [Evaluation] The spira

flow, curing torque ratio, water absorption and flane
resi stance were evaluated in the sane manner as in
Exanple Serles | . Sakslerieng reS|stance 1 was

PP P~ PN

Evatoatet-Trtite—sare—a S0 T =1 IW/
resi stance in Exanpl e Seri}8 gmparatpes jexargpls (Series IV)

di-spl edlin tBe Fold ol mnner .
[Epoxygesin Ri(e'al)di spl acenent :{: Usilng a | oBi essiirle

Eppane$ie® nol di ng  nmachi ne| as.pgckage| obt aiined Hy
(B) |Prehdlidagh RO8 pQFP with a bddy si|ze716p 28 X 2874 3.2 mm
PhihARPRinder el n - an S Chi ploTy 0 X 10 X 4[5 $5 mmjwas

(©) FBQMﬁﬁerk sﬁ]cw Tr‘an?hdng '}ITUEWL ‘éa.jtj e \glé‘c; t he
Cll |. || Ul | A3 uUI

avera d e & nol d
(D) Ciuglpg\ ?"Elprq 25 175C for a_,t_&}g&fa 2 irbé hf 0D seconds
(E) Cﬂaﬁahnaagqnﬂnn tine of 90 skcdhdd aP3al t O@ngf €b3
(F) |23rBibeinow neshtil@eMPa was obset¥dd B9 b 96 { 6.2 dy
Chtragrogaxope, and the di spl axerfeno2of tze| gad.d [wire
C3fbbn vRsk expressed 1n the yatgs | opa(jmaxisnimyenti cal
Sg,ygpamm 55 (RNg2\ [[TCodJO] Uy 5| r € .
X 100 ——=as T pstrat : T uni
VCV}JQI%BII&U&&!EIIPI es \I ’) +£/] erb 'ngnrn{' 35?;\ :\ﬁgml es V_l
\aier\aﬁss’[ptlﬂpr\nr r~|= nn to f:éj O{jfz‘aul S o B 13’ 14
_lgmq rqaiﬁtar@?m,(\, r o YL b<BOi ¢ nBQNPr Br ndBPeq in the
Flesyrel magilnevpon destine EMfnha] 50001 | 3500 elv a809at 6d00 1y t he
Pachaw: wapazer _as i n Exabphé] V4d. {Thi6 dvaduati o8 {results
Sélteing hesweance Tabl es 13n/8)p and[158 Conpgongntes Ysed
ot her than those 1n Exanple V-1 are shown Del ow.
Epoxy resin 3. Epoxy resin (a'-2) of the formula (7)
(YL6810 manuf actured by Japan Epoxy Resins Co., Ltd.,
eqw valent 172, nelting point 45C represented
Exam%§ ¥otiula (7) wherein RL is

[Evaluation of encapsulating material for lead frame] (Tables 13
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to 15}
<Example V-1>

The following components were mixed at ordinary temperatures
by a mixer, melted and kneaded by a heating roll at 80 to 100°C,
cooled and ground to give anepoxy resin composition. The evaluation
results are shown in Table 13.
Epoxy resin 1: Epoxy resin {a) of the formula (11) (epoxy equivalent
180; meltingpoint 105°C; the ratioc of the component having a structure
of the formula (11} with n equal to 0(zero) was 85% based on the
whole of the resin; hydrolyzable chlorine content, 100 ppm)

1.8 parts by weight

Epoxy resin 2: Biphenyl type epoxy resin; epoxy resin {a’-1) of
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a methyl group; the ratio of the conponent having a
structure of fornula (7) with n equal to O(zero) was
99% or nore based on the whole of the resin) Epoxy
resin 4: Phenol aral kyl type epoxy resin containing

coe RSBA B1° SHRED YEoaag ormidion: G 82 o
1ied. g ey %%%ﬁﬁ%i%ﬁ%ﬂ? ra%fsir?@x@élaa ﬁ%*zr‘éax&? Fpd 5 che
ror ot SHETLER: o105 po Ll o8P waygn%é% Pieson
and &hﬁgﬁk Doefad s @ Phenyl; %&ag%%getﬁ&gﬂ' i s phenol, R3

rogen atom and ogen atom or
fornula (3) wherein R1L is a phenylen 3#9: 66 .and
is a hydrogen atom) Phenol resin 4: P ovolya 1§gt

PhenbYPgedhenp! HaSHB; ergpﬁgpu@sﬂ eRIAsanted BYphBg Lene
formula (2) or (5) (PR 3 manuf actured by g

struBaked te Edpouddd repsekbafiAgnpoLnt 809G hy droxyr |
group equivalent 105, represented by fornmula (2)

(MEHwhes B3 SimEiut sciauteytis pxy i wplrepyle s nglueupic R20OMA. S hydroxyl
phenol, R3 is a hydrogen atom and R4 is a hydrogen
grouptaymiver char 23 a seFtenwhenebniil 6i65C A tepdeagancdtioyjformula

Curing accelerator 2: 1,8-Diazabicyclo(5.4.0)

) whgdesamd- i7s ammgnard:eeem O s phengl addel eadtydrogen
represented by formula (14): [Ph4P ]2 O 2 [Hoso20H] 1
atomy 1and Ryrfimg avcsreeat étom chiﬁai faclSel redn Rl is a
hd EP esented by fornula O Ph 3P b (15) Coupling

bip n%zgﬁfuﬁbﬁegpﬁapFﬁpﬁl?Y@ﬁ%@ﬁb%ﬁxg}Iane

6.7 parts by weight
Fused spherical silica (average particle diameter 30 um)
86.0 parts by weight
Curing accelerator 1, triphenyl phosphine 0.2 part by weight
Coupling agent 1, y~glycidylpropyltrimethoxy silane

0.3 part by weight

Z2,3-Dihydroxy naphthalene 0.2 part by weight
Carnauba wax 0.2 part by weight
Carbon black 0.3 part by weight
[Evaluation]

The spiral flow, curing torque ratio, water absorption and
flame resistance were evaluated in the same manner as in Example
Series I. Soldering resistance 1 was evaluated in the same manner
as for soldering resistance in Example Series I. Gold wire
displacement 1 was evaluated in the following manner.

* Gold wire displacement 1: Using a low-pressure transfer molding
machine, a package obtained by molding 208 pQFP with a body size
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time of 10 seconds for a curing time of 90 seconds at a transfer
pressure of 3.8 MPa was observed by a soft X-ray fluoroscope, and
the displacement of the gold wire 301 was expressed in the ratio
of (maximum vertical displacement of the gold wire (X)) /(the gold

Q

wire length (1)) x 100, as illustrated in FIG.3. The unit is %.

<Examples V-2 to V-20, Comparative Examples V-1 to V-3>

According to the formulations in Tables 13, 14 and 15, Sele):4Y
resin compositions were produced in the same manner as in Example
V-1l andevaluatedinthe samemanneras inExampleV-1. Theevaluation
results are shown in Tables 13, 14 and 15.

Components used other than those in Example V-1 are shownbelow.
Epoxy resin 3: Epoxy resin {a’-2) of the formula {7) (YL6810
manufactured by Japan Epoxy Resins Co., Ltd., epoxy equivalent 172,
melting point 45°C, represented by the formula (7) wherein Rl is
a methyl group; the ratio of the component having a structure of
formula {7) with n equal to 0(zero) was 99% or more based on the
whole of the resin)
Epoxy resin 4: Phenol aralkyl type epoxy resin containing
biphenylene structure (NC-3000 manufacfured by Nippon Kayaku Co.,
Ltd., softening point 56.5°C! epoxy equivalent 274)
Phenol resin 3: A compound represented by the formula (2) or (3)
(XLC-4LmanufacturedbyMitsui Chemicals, Inc., softeningpoint 65°C,
hydroxyl group equivalent 165, represented by formula (2) wherein
Rl is a phenylene group, R20H is phenol, R3 is a hydrocgen atom, and
R4 is a hydrogen atom, or formula (3) wherein R1 is a phenylene group
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Sumlwoﬁbcgakefg% Co., Ltd., scftening point 80°C, hydroxyl group
equivalent 105, represented by formula (2) wherein Rl is a hydroxy
phenylene group, R20H is phenol, R3 is a hydrogen atom, énd R4 is
a hydrogen atom, or formula (5) wherein R1 is a hydrogen atom)
Curing accelerator 2: 1,8-~Diazabicyclo(5.4.0) undecene-7

Curing accelerator 3: A curing accelerator represented by formula

(14):

(14)
Curing accelerator 4: A curing accelerator represented by formula
{15):
o

+
PhyP (15)
Coupling agent 2: vy-Mercaptopropyltrimethoxy silane
1, 2-~dihydroxy naphthalene

catechol

pyrogallol
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Table 14

O0O0OO0OCC.CQQ-O0YC.OymyCO03: V'O Qa pQ
SSS300MNt6tONaJt6 NOO WWI UWJ ON
- :101100U O11 C7 to mU WLL 69 Table 15

Exénple (Se ies V) Conparative exanple (Series V) 17

X I
18 19 20 1 2 (A) Epoxy resin 1 3.0 3.0 3.0 3.0 Epoxy
resin 2 3.0 3.0 3.0 3.0 6.2 Epoxy resin 3 5.9 (B)
Phenol resin 1 6.8 6.8 6.7 6.8 6.6 6.9 (C Fused
spherical silica 86.0 86.0 86.0 86.0 86.0 86.0 (D)
Curing accelerator 1 0.2 0.2 0.2 Curing accelerator 2
0.2 Curing accelerator 3 0.3 Curing accelerator 4 0.2
(E) Coupling agent 1 0.3 0.3 0.3 0.3 0.3 0.3 (F)
2, 3-Di hydroxy naphthalene 0.2 0.2 0.2 0.2 0.2
Pyrogal l ol 0.2 Carnauba wax 0.2 0.2 0.2 0.2 0.2 0.2

Carbon black 0.3 0.3 0.3 0.3 0.3 0.3 Spiral flow [cn]
122 116 131 121 165 175 Curing torque ratio [% 48 49
46 48 35 33 Water absorption [9% 0.18 0.18 0.18 0.18
0.22 0.24 Flane resistance (UL-94) V-0 V-0 V-0 V-0
V-2 V-2 CGold wire displacenent 1 [% 1.9 1.9 1.8 1.9
1.7 1.5 Soldering resistance 1 (n/10) 0 0 0 0 4 7
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<Eval uation of encapsulating material for BGA> (Tables
16 to 17) <Exanple V-21> The foll owi ng conponents
were m xed at ordinary tenperatures by a m xer,
nelted and kneaded by a heating roll at 80 to 100C,

cool ed and ground to give ﬂgquoxy resin comnposition.
Vo NI~ V-J N1 <N~ shown..in Table 16  Enox\v

~

resi nl Epoxy resinjof the Ehhausarids 14) (epoxy Comparative

equi val ent  180; nel §ing point 105C the rati NS@mplg [Reries V)
canponent _having 2 slr uft urle 18f & hdof ol maoa {11) V\d,l'[h2

A) ds 3895%|bad®ed [on3.8 he] obol b of the

1%

Enoasnemn 2hydrol yzabl e_¢hl3eri ne Imontient.g 1D03.ppn) £28

Expay desin By wei ght  Epoxy resijn 2: Bi pheny] type|epoxy| 53

(B)|PHepS kdain £pOXY resin ol tghe florgauld €p) [ YXFO00PHKs 6.9

©)|FBhartidligd Dy Japan FRoxXy BEs! NS g6f- . | ThB- | SRV eso
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(E) Coﬂﬁm_ﬂamﬁ_anwmm, péR Stlecd3 Chierf-dal | 83, | 03

() {2.3-Piydrodyyelrhtheiehe ar oub equi Val@nt |210®  slof8.2ni hao.boi ht 0.2

Pv8&@o! represented by fobdula (2) (whereiln R1L ip a

Capheiy=2ne group, R20H bg (3- m@phtjhals R3 05 al o2 0.2

caiwabagen atom and R bs ahydrodemmat dgmoor foggul p o3
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<BEvaluation of encapsulating material for BGA> (Tables 16 to 17)
<Example V-21>

The following components were mixed at ordinary temparatures
by a mixer, melted and kneaded by a heating roll a£ 80 to 100°C,
cooled and ground to give an epoxy resin compositicn. The evaluation
results are shown in Table 16.
Epoxy resin 1: Epoxy resin of the formula {11) (epoxy equivalent
180; melting point 105°C; the ratio of the component having a structure
of the formula (11l) with n equal to 0(zero) was B5% based on the
whole of the resin; hydrolyzable chlorine content, 100 ppm)

1.8 parts by weight

Epoxy resin 2: Biphenyl type epoxy resin; epoxy resin of the formula
(6) (YX4000HK manufactured by Japan Epoxy Reéins Co., Ltd., epoxy

equivalent 191, melting point 105°C, represented by the formula (6)
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2, 3- D hydroxy naphthal ene 0.2 part by wei ght Carnauba
wax 0.2 part by weight Carbon black 0.3 part by
wei ght [Evaluation] The spiral flow, curing torque
rati o, water absorption and flanme resistance were
h eva%gated in hgg sane manner as in Exanple Series |.
WRerPhE e A&7 AP T RBA GFGEPUbAr hieat i HY ankP Pddieigeanp pagecgen
meﬁerevaluated i n. the sane manner as in Exanple Series
17, TSBF s h PO ¢di®8Y ance 2 was eval uated in the sane
manner as for soldering resistance in Exarr]gglebSeriesh
1. Gold wire displacenent 2 was eval'Gaf&d nP¥hgeight
I ' .ma, * I ' ' 2: - Using a
P e eir RS sr ESPEREn bt b e g R ()
aN-9 e WalcTH ( trate.thi es
( O@%ginnlag¥gg§Pg%%?%' tgfgggﬁglg as§£@lg?h’§%%2fr§ g¥oxyl
grouPaeiage 1whtn 171 s rbAaenddp ik saPe and L BLEKPES S Fdfnula
mm silicon chip with a Size of 9 x 9 mm and
(2) windekiness Q538 PREnhene& NS rbonded pur @l W R8Sis a
of 25 pmin dianeter to a bonding pad of the circuit
hydrogbstatate; ahHer4 average drenginh a0bm} her o ghuMa €4 ) SwABYein
at a nold tenperature of 180C at a transfer pressure
Rl isfa hiphePalioe groupi agdtRIreiofa hyrimogkasatvmas
observed by a soft X-ray fluoroscope; and the
di spl acenent of the gol dow re3G1 byaseégptessed in
the ratio of (maximumvertical displacenment of the
Fuseqygirlsgicel( Rilyce (2Weraes davwiricledaneter) 30 wop,
as illustrated in FIG 3. The unit is % <Exanples V-22
to V-40, Conparative Exanples V-4 to8¢:B8>PanEedpyiroht

. to the . f I i L Tabl 16,. 17 d 18, ,
corthEf oLt Lone . Tblgs 26 17 0 te“epor
Coupl:inrhg'éxéanp'tg1&5—%&%&1%&?\?@"& hed ;LA he, sang mnner as

ation results ‘are shown in

atom

Tables 16, 17 and 18. 72 0.3 part by weight
2,3-Dihydroxy naphthalene 0.2 part by weight
Carnauba wax 0.2 part by weight
Carbon black 0.3 part by weight
[Evaluation]

The spiral flow, curing torque ratio, water absorption and
flame resistance were evaluated in the same manner as in Example
Series I. The Flexural modulus upon heating and package warpage
were evaluated in the same manner as in Example Series T1. Soldering
resistance 2 was evaluated in the same manner as for soldering
resistance in Example Series II. Gold wire displacement 2 was
evaluated in the following manner.

* Gold wire displacement 2:. Using a low-pressure transfer molding
machine, a package obtainedbymolding 225 p BGA (substrate thickness
0.36mm, bismaleimide/triazine/glass cloth substrate; package with
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aver@g8 Rnhth br4he gE MR reC 4R Nt & o temperature of 180°C

at a transfer pressure of 7.4 MPa for a curing time of 2 minutes

N
00
O

was observed by a soft X-ray fluoroscope,; and the displacement of
the goid wire 301 was expressed in the ratio of (maximum vertical
displacement of the gold wire (X))/(the gold wire length (1)) x 100,

as illustrated in FIG.3. The unit is %.

<Examples V-22 to V-40, Comparative Examples V-4 to V-6>
According to the formulations in Tables 16, 17 and 18, epoxy

resin compositions were produced in the same manner as in Example

V-21 and evaluated in the same manner as in Example V-21. The

evaluation results are shown in Tables 16, 17 and 18.
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resi stance w f hout
properties. Particularly when the above-mentiocned specific

compound having two or more phenolic hydroxyl groups in its melecule
or the above-mentioned specific crystalline epoxy resin is used,
& resin composition having good balance between low warpage and
flowability in an area surface-mounted semiconductor package can
be obtained. Accordingly, the resin composition according to the
present invention is preferable for peripheral surface-mounted

semiconductor device packages with lead frame and one side

encapsulated area surface-mounted semiconductor device packages.
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a flame retardant, and has excellent flowability and
curing properties. Particularly when the
above-nentioned specific conmpound having two or nore
phenolic hydroxyl groups in its nolecule or the
above-nentioned specific crystalline epoxy resin is
used, a resin conposition having good bal ance between
| ow war page and fl owabiCia3M$n an area
surface-nount ed sem conductor package can be

obt ai ned. Accordingly, the resin conposition according
to_the resent invention_is preferable for peripheral .

Lo suPf ad&SABunfREPOS Bt ¥bndiiet or SRV ¥ B Haged Ganslation
r d [ . enc ul.ated area .
compgggggéeﬁggun edgégﬁfcggaﬁgt5?B§8&Pégqp3€§a§g§.e?%xy resin
repr&EA MY bl £ AmESI N )99(@)0@&0&1@%59%&%%0&{&9&%8% phenolic
encapsul ation conprising (A an epoxy resin
hydroept ajroupg (a) i8s repeanirkesio) Zepmesenhed bylfer mdm (D)
(1) , (B)_ a conpound having two or nore phenolic
a CURYHY oGt RIS iin its nmolecule, (C) an inorganic
filler, and (D) a curing accelerator: HH HGCCCO
HOCCGCCHz O H OHCHOH 02z (1) 20Hz n Rl R2
Rl R2 wher ¢ gach of Rl and R2 esents a hydrogen
atomor a gcarbon group wt gr | ess carbon
gy ons sand /F' pbe the sane ox dif gnt;  andy' n
H.C—®&pC a nmean val ud thaty is S -E(D Aagrbey  of
261‘rohl120ton ot @ Thev-%sig)/ 2 )
conpositio o sem u n eng ul ation ccordi ng
to claim 1rei n the epoxy re€s a) represented by
t he fornzi; /)..contai ns a conpaoRent/Ahaving a
structur

of the formula (1) With nR&ual to O(zero)
at 80% or nore of the total anmount of

wherein each of R1 and R2 represents a hydrogen atom or a hydrocarbon
group with 4 or less carbon atoms and may be the same or different;
and ‘n’ represents a mean value that is a positive number of from

0 to 5; in the formula (1).

2. The resin composition for semiconductor encapsulation
according to claim 1, wherein the epoxy resin (a) represented by
the formula (1) contains a component having a structure of the formula

(1) with n equal to 0(zero) at 80% or more of the total amount of

the epoxy resin (a):
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the epoxy resin (a): 77 HH HQ CHOOHCHp OHz
COOH2 (1) OZ2H2 n Rl R2 Rl R2 wherein each of Rl
and R2 represents a hydrogen atom or a hydrocarbon

group with 4 or I ess carbon atons and may. be the sane
or different; and 'n' represents a nmean value that is

a positive nymgar of from O to 5; s=mmthe fornmula (1).

3. The resi 05|t|on for sem tor

engpsul atioR__according to claim?¥ 2, wherein the

Jol ¢ Ty myl a (1§ a

Hz% roﬁé scgl @ e ceon mﬂ) Cie siaiz (1)
e reskn conpoexiti onH.or

accordi ng tog one of°QH ai wherein the
conmpound ( B) Mng two or nore pKenglic hydroxyl
groups in Ris moRgcul e conpri sesRa und

represented by formula (2): OHOH HR~HZ RH R2\-\H
(2) R3 R4 R3 wherein Rl represents a phenyl ene group,

neafy BN ete, 95 oup 5 nagh! byl ene GLowp of, 8 SO .
groud MEPRthgl 1 Mg @%rﬁéﬁhé%%s aﬁﬂgkbdf)f Rghérhdan{%dfo'rsdffferent

group bonded to eac represents a

and hydregereairam® armaahyed neardier i9r U WtikelQuRbel €88 from
carbon atons, and may be the sane or different; 78

0 toahd in'thepfegents @)wean value that is a positive
nunber of from 1 to 10; in the fornula (2).

3. The resin composition for semiconductor encapsulation
according to claim 1 or 2, wherein the epoxy resin {(a) represented
by the formula (1) has a hydrolyzable chlorine content of 300ppm

or less.

4. The resin composition for semiconductor encapsulation
according teo any one of claims 1 to 3, wherein the compound (B) having
two or more phenolic hydroxyl groups in its molecule comprises a

compound represented by formula (2):

OH OH
H !2 (-c—Rt—c R’IZ FH (2)
| 2

\ H, \ H, \}”

R3 R4 R3

wherein R1 represents a phenvlene group, a biphenylene group, a
naphthylene group cr a hydroxy phenylene group; R20H represents a
phenol, a-naphthol, or f-naphthol; each of R3 and R4 is a group bonded
to each of R2 and R1 and represents a hydrogen atom or a hydrocarbon

group with 10 or less carbon atoms, and may be the same or different;
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5. The resin conposition for sem conductor
encapsul ation according to any one of clains 1 to 4,
wherei n the conpound (B) having two or nore phenolic
hydroxyl groups in its nolecule conprises a conpound
and repr esenteshdy o AeRH! fa (3 't O H sfiliwive GRhbeF20 % rom
n R2 R2 wherein Rl represents a phenyl ene group or a
1 tobilfhenyl éhe Gooupta R2) .represents a hydrogen atomor a
hydr ocar bon group with 4 or | ess carbon atons and may
be the sane or different; and "n' represents a nean
5 va& e that,is aHPosLtLve ngnber of from1l to 5; in the,
© forfil a“St8}. ETPPRELERI nf onpEEiGPeAvFEPT  encapsulation
1] e [ cordi to any. o f__.
=cocSRINGINUE e BTt Y A0, SRR BB AT T8 hgrins
two BRreopdendddl iy duexykyar §Epspd Nd H%s”ﬁb@@?ﬁ? omprises a
conprises a conpound represented by fornula ?iﬁ:g
compdREdCrkpR2s etRld BhyH Aqrm2i1wheBein Rl represents a
phenyl ene group or a bi phenyl ene group; R2 represents
a hydrogen atom or a hydrocarbon group with 4 or | ess
cargen atons and may bgkfhe same or different; and "n
repfresents 79 a nmean Vjialue that is a positive nunber
1to 10; in't mula (4) . 7. The resin
I-on _far sem ( encapsulatigg accordi ng
| , erein the npound
g AQl ¥B8 hydroxyl groups inits
nol e e (B) conprises ;ﬁenpound represented by:
formula (5): OHOH OHH 6 H (5
wherein Rl represents a phenylene group or a biphenylene group; R2

represents a hydrogen atom or a hydrocarbon group with 4 or less
carbon atoms and may be the same or different; and 'n’ represents
a mean value that is a positive number of from 1 to 5; in the formula

(3).

6. The resin composition for semiconductor encapsulation
according to any one of claims 1 to 4, wherein the compound (B} having
Ltwo or more phenolic hydroxyl groups in its molecule comprises a

compound represented by formula {4):

OH OH
! s G E T
H, H, n
R2 R2

wherein Rl represents a phenylene group or a biphenylene group; R2
represents a hydrogen atom or a hydrocarbon group with 4 or less

carbon atoms and may be the same or different; and ‘n’ represents
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H2 H2 R1 Rl Rl wherein Rl represents a hydrogen atom
or a hydrocarbon group with 4 or |ess carbon atons
and may be the same or different; and "n' t
represents a nean value that is a positive nunber of
a mefin e@lQettha; ik bOei f DFdHLALEB)of Brohetd 9i:Mn the formula
conposition for sem conductor encapsul ati on according
(4) .to claim 7, wherein the conpound represented by
formula (5) has weight average nol ecul ar wei ght
within a range of 400 to 600, polydispersity ratio
rage

ht ,
7. §é%m%%%&%@%?é% rwe.sgmwe ParORI e Aesna on

acco?ﬁlﬁ% 70C &eéﬁecﬁﬁg}EQR%ggtag lﬂhgﬂﬁ&QE% %ﬁ&ﬁﬂ%fi%av1ng

two WA@oRen H@ndﬁﬁ&@ﬁ@ﬁb%y@-@Mﬂﬁﬁg§ﬂ ﬁﬁ@ﬁkﬂ%c@l@yginﬁﬁﬁﬁﬁses

group MAth 4 or less carbon atonms and nmay be the sane
a coppodid f ermmrserdrdl by forepieséhls a nean value that is
a positive nunber of fromO to 8 80 in the formula
(5. 9. The resin conposition for sem conductor
eQﬂ@psulatlon(n@ccordlng 6@ any one of clainms 1 to 8,
a

rther conpr|5|ng (a") crystalllne epoxy resin
: r selected from the group
resin reptesented by
-pdiy resin ngresented by
Ry, Rl1 RlL RL HZO G- H I-0
nzo

wherein Rl represents a hydrogen atom or a hydrocarbon group with
4 or less carpbon atoms and may be the same or different; and ‘n’
represents a mean value that is a positive number of from 0 to 8;

in the formula (5).

8. The resin composition for semiconductor encapsulation
according to claim 7, wherein the compound represented by formula

(5) has weight average molecular weight within a range of 400 to

600, polydispersity ratio ((Mw).” {Mn)) of weight average molecular

welght (Mw) to number average molecular weight (Mn)within a range

of 1.4 or less, and softening point within a range of 60 to 70°C:

OH OH

C H (5)
H
R1 n R1

wherein Rl represents a hydrogen atom or a hydrocarbon group with
4 or less carbon atoms and may be the same or different; and ‘n’
represents a mean value that is a positive number of from 0 to 8;

g0




RLRLRLR RL RLRLR (6) werein RL represents a
hydr ogen atom or a hydrocarbon group with 4 or |ess
carbon atons and may be the sane or different; and "n
represents a nean value that is a positive nunber of
in threomc@mizea5;5)in the formula (6); TI/ RL p _ RL HZC- 0
HZ\ 0/ / OHZI HO HZ Co CHZ RL OHn RL (7)
wherein Rl represents a hydrogen atom or a hydrocarbon
group with, 4 or |less carbon atons and may be the sane
9. or 18P f BREMR ; %ﬂﬂ?osﬁtloﬂepf@§eﬁ#@uéoﬁéaﬁtvélu%n¢¢ﬁﬁuhailon

b f f the f | a
oo VG oL D [0 5 Lt ihe T2 (7).
crys%@‘?@@ﬁlél%ﬁl ﬂﬁreé&ﬁ%&’l 1tsoa@nlyea%%) ofk n%trﬁ'% eas%légtgd from

wher ei n e ‘curi ng accel erator
@Bﬂhﬁ&oﬁ@h@@iﬁ@oﬁrQﬂhﬁheaﬁ%ﬂ%&y@ﬂﬂﬁjﬁkéﬁﬁe§éntéﬁknrformula
compound represented by fornula (8), a conpound
(6) pepréséntpdabyepd:or milsdn( $eprapdnacd dopofttnula (7) :
represented by fornula (10): 81 [A]lb [(8) |[R2_ER4y
wherein P represents a phosphorus atom each of Ri1,

R2, R3 and ﬁmnrepnﬁsents a substhﬁutqupr R1
d

unsubst i dut ed or
Huns bsti or
hCCaiderten red 00,
| @ast

0 or@anlc
one fungfionalgy e 2
consi sting of a hydroxyl group, a carboxyl group, an&b)

a,  thiol group; "AH represents an aromatic organic
wherggn othéx?—‘PﬁﬁseaﬁS 3 Wy ragieat RECR| 9,2 Avdreaarbemaipupith

4 orsf%ss cé%ﬂah atggg gng%ﬁﬁy be the same or different; and ‘n’

represents a mean value that is a positive number of from 0 to 5;

in the formula (6);

(7)

wherein Rl represents a hydrogen atom or a hydrocarbon group with
4 or less carbon atoms and may be the same or different; and ‘n’
repreésents a mean value that is a positive number of from 0 to 5;

in the formula (7).

10. The resin composition for semiconductor encapsulation
according to any one of claims 1 to 9, wherein the curing accelerator
(D) is at least one member selected from the group consisting of
a compound represented by formula (8), a compound represented by

formula (9), and a compound represented by formula (10):
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consi sting of a hydroxyl group, a carboxyl group, and
a thiol group; each of "a'" and "b' represents an
integer of from1l to 3; "c' represents an integer of
fromO to 3; and "a" and "'b' are equal; in the fornula
(8R1T Xm~+ 3 (9) Yn wherein “X represents a

hydr ogen ati ofr%an al kyl group with 1 to 3 carbon
A0

R2-at- pivs+ R4 s a hydrogen agpm or a hydroxyl
grpup ac and 'n' represents an integer of
fggg ; in the fornula (9) ; R1 OR4 (10) R2 P+

5 BH 82 mherein "P'" represents a phosphorus
atom each of R, R2, and R3 represents a substituted

wher@inumﬁ“%grtége%QSagké% gél‘P MR W L L %gaﬁzofcﬁfb% R3 and

atonms or substit ut unsubstituted aryl 9]

R4 r%ai@s@nté @& b2bedr bapedt ®@E 2 JMY ubedt Q?oxﬁ@tf‘fc Yroup or a
fferent; each of R4, R5 and R6 represents a

subshy’dhb@tbmzatmmmstatlmjzédoaakpbnggawparwi tfay bet @hd2same or
carbon atons and may be the sane or different; and R4
diffehgnt REA nﬁ?P%S@@%ﬁﬁ@@l@@ fsan @rommcaorw@lc acidhaving,

structure; int rnmul a 1 11. The resin
On ER& AFSLPERGnt %? eaﬁau%le% fo%wwglaﬁaww stfé@(?rt@idnérom
| h
the 4Lt sPlall AL phatf o LTS EORELENRAD) oo -
thioBr@f@ig;C ‘MHNgrePaysHigt 4 Wh %rromart@chw@%y& agﬁwmvmg, on

bound respectlvely to two or nore
the aromatic ring, at least one group selected from the group
consisting of a hydroxzyl group, a carboxyl group, and a thiol group;
each of ‘a’ and ‘b’ represents an integer of from1l to 3; ‘¢’ represents

an integer of from 0 to 3; and ‘a’ and ‘b’ are equal; in the formula

{8):

xm + -
Qi wﬁj o
Yn

wherein ‘X’ represents a hydrogen atom or an alkyl group with 1 to
3 carbon atoms; ‘Y’ represents a hydrogen atom or a hydroxyl group;
each of 'm’ and ‘n’ represents an integer of from 1 to 3; in the

formula {9);

R1 ~
’ O
R4
R2 ’F’+ O (10)
R3 Rs R5
OH
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adj oi ning carbon atons constituting the aromatic ring.

12. The resin conposition for sem conductor

encapsul ation according to claim 11, wherein the

compound (F) is a conpound conprising an aromatic
wherkling ‘Baviagrdwn gy dr pxykpBbeupsa oy Gachespert i Ved y 41 r3

two adj oi ning carbon atons constituting the aromatic
repreisggis18.subké itesed wompesbsionuted aéyiicgndugtworth 1 to 12

encapsul ation according to claim11l, wherein the _
Carbeanﬁg%a PF)R isélbétéé%@gn@r Eotprstditnged aapht edemedith 6

i ng_havi two aor nmore hydroxyl gro bound
to 12 EPET VTR 1EWBR r DRy &° s R EAPBERC ALeHRh OF R4,
nst i i h ing [ .

RS it onoT5r S sorditrorhstazs i dr gn o & chrpengich
1 tot D2 cdaaiyBnldtombed @l haN@=CORROMIEL (D) ch$rareRPPOMM R4 and

conpri sing a naphthal ene ring having two hydroxyl

RS mgy capschbiandd sespedo Yoy & orinw sadjpeicnireg tartion formula
atons constituting the 83 Il naphthal ene ring. 15.

{10) The resin conposition for sem conductor encapsul ation
according to any one of clainms 11 to 14, wherein the
compound (F) is contained in an anount of 0.01% or

11. MOofe b}ﬂfeﬁhgh%%ﬁlﬁﬁ icSr?.t q_Jor a%ﬂﬂ%oﬁ’éu#@c?r r ee%lc%psulation
conposi tion. . e resin conmposition for
accoB@m @ ansluat,0bneNeaAPS1IH Bid ON tAGO0r HhRghd ® AWpbONERf (E) a
claims 11 to 15, wherein the silane coupling  agent
silaf€pouylioataienschid (&h camoupbund cOmMPLitdng %rbyrwwed ght ring
. to the total anmount of the resin conposition. 17. The
havingdiR QBRPES IR Wer ISR T BRINE IHSPEFEATSIYAE? GO o more

d=ofcgording to_any one of . Iains_%bto 16, .wherein the
2oL R 2oR PLarS (0T SEebHt i st A51RH HBaRe of 80
to 92% by weight to the total anpunt of the resin
composi tion.
12. The resin composition for semiconductor encapsulation
according to claim 11, wherein the compound (F) is a compound
comprising an aromatic ring having two hydroxyl groups bound

respectively to two adjoining carbon atoms constituting the aromatic

ring.

13. The resin composition for semiconductor encapsulation
according to claim 11, wherein the compound (F) is a compound
comprising a naphthalene ring having two or more hydroxyl groups
bound respectively totwoormore adjoining carbon atoms constituting

the naphthalene ring.

14. The resin composition for semiconductor encapsulation
according to claim 11, wherein the compound (F) is a compound
comprising a naphthalene ring having two hydroxyl groups bound
respectively to two adjoining carbon atoms constituting the
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18. A sem conductor device, which is forned by
enpl oyi ng the epoxy resin conposition according to
any one of claims 1 to 17 to package a sem conductor
el ement included therein. 84

naphthalene ring.

15. The resin composition for semiconductor encapsulation
according to any one of claims 11 to 14, wherein the compound (F)
is contained in an amount of 0.01% or more by weight to the total

amount of the resin composition.

lo6. The resin composition for semiconductor encapsulation
according to any one of claims 11 to 15, wherein the silane coupling
agent (E) is contained in an amount of 0.01 to 1% by weight to the

total amount of the resin composition.

17. The resin composition for semiconductor encapsulation
according to any one of claims 1 to 16, wherein the inorganic filler
(C} is contained in an amount of 80 to 92% by weight to the total

amount of the resin composition.
18. A semiconductor device, which is formed by employing the epoxy

resin composition according to any one of claims 1 to 17 to package

a semicenductor element included therein.
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