SPECI FI CSTI ON  RESI N COVPOSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON° AND

SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [0001] The present invention relates
to resin conpositions for sem conductor encapsul ati on and sem conduct or
devices. 10 BACKGROUND ART [0002] Recent trends towards higher density and
hi gher integration in electronic conponents and sem conductor devices, such
as integrated circuits (1Cs), large scale 15 integrated circuits (LSIs), and
very-large-scale integrated circuits (VLSIs) stimulate conversion of
packagi ng from insertion nountingREE ISHFEATEONDUNti ng. Such trends require
| ead frames with an increased nunber of pins and |l eads with narrower
intervals. Surface nount quad flat packages (QFPs), 20 which are conpact and
| i ghtweight, are used for a variety of sem conductor devices. These

sem condurEgTNdUMESS AT EONgENR HEWI €0BBPSTOR &N ow P HUBRDXYNr @M
conpositions, which have high conpatibility anmong high productivity rates,

| ow mat egralcosgiscT@Rdphiyghrereliability. 25 [0003] Since these epoxy resin
conpositions for sem conductor encapsul ati on nmust he nonfl anmabl e,

brom nat ed epoxy resins, 2

TECHNICAL FIELD
[0001]

The present invention relates to resin compositions for

semiconductor encapsulation and semiconductor devices.
10 BACKGROUND ART
[0002]

Recent trends towards higher density and higher
integration in electronic components and semiconductor
devices, such as integrated circuits (ICs), large scale

15 integrated circuits (LSIs}, and very-large-scale integrated
circuits (VLSIs) stimulate conversion of packaging from
insertion mounting to surface mounting. Such trends require
lead frames with an increased number of pins and leads with
narrower intervals. Surface mcunt gquad flat packages (QFPs),

20 which are compact and lightweight, are used for a variety of
semiconductor devices. These semiconductor devices are
generally encapsulated with epoxy resin compositions, which
have high compatibility among high productivity rates, low
material costs, and high reliability.

25 [0003]

Since these epoxy resin compositions for semiconductor

encapsulation must be nonflammable, brominated epoxy resins,



such as tetrabronobi sphenol A epoxy resins and brom nated phenol novol ak
epoxy resins, and antinony oxide, as flanme retardants, are conpounded to
mai n conponents. In recent years, however, use of hal ogenated conpounds, 5
whi ch involve the risk of generation of dioxin analogs, and highly toxic
anti nony conpounds has been regul ated forp the purpose of environnental
protection. In resin conpositions for sem conductor encapsul ation,

technol ogy on fire retardancy that does not use hal ogenat ed conmpounds, such
as 10 br emichatessl eporgbresiols, s Eren aht Anmepy xoximes has been stami malt edWhen
sem conductor devices are preserved at high tenperatures of 150 to 200C for
| ong hour phelbrcdmmevat aks canck vante stomy, eanpaunidsnomyt be ifdegnea s ef Aadant s
cause an increase in resistance of the sem conductor devices and

di sconnectiar rafarlids gok deWchas o riderit Bbs maliempainbon€nexy. resin conposi tions
for sem conductor encapsul ati on not containing bromne flane retardants or

antinony conpounfsrarenkequhied. hietedle OXide: J amA JRd s dant sonputih @s
al um num hydr oxi de and nagnesi um hydroxi de, have been used instead of

brom ng |8y elafdppt S RA O ANt MWL CPTPOURAS s WL {MNAL8h Yy o hesRy et al
oxide flame retardants lead to an increase in viscosity of nelt resins and

a decreasg;ln, SplOer | 09, heSIRIANCE R o LA sCHIROSILL 9Ny o L 111G ADOYE 4 1y
g
situation, "tthere have béen proposed using epoxy resin conpositions for
sem conduct Qr. enca qgation Zgn%%itainigggﬁpoxy r?sins havi n

ar al kyl sKer&tons ee?VlFSPmexarrp &1 Pl thBdcurré]ntrseSll%n%glﬂ?bgqilq%gﬁlc?ugh
these epoxy  r&Sif-SOORELY N0 0PL SNt Al Jil M, gt ardant s, they
retardancy that does not use halogenated compounds, such as
10 brominated epoxy resins, and antimony oxide has been studied.
When semiconductor devices are preserved at high temperatures
of 150 to 200°C for long hours, bromine atoms and antimony
compounds in the flame retardants cause an increase in
resistance of the semiconductor devices and disconnection of
15 goldwires. Fromthis viewpoint, epoxy resin compositions for
semiconductor encapsulation not containing bromine flame
retardants or antimony compounds are required. Metal oxide
flame retardants, such as aluminum hydroxide and magnesium
hydroxide, have been used instead of bromine flame retardants
20 or antimony compounds. Unfortunately, these metal oxide flame
retardants lead to an increase in viscosity of melt resins and
a decrease in soldering resistance of the composition.
In the above situation, there have been proposed using
epoxy resin compositions for semiconductor encapsulation
25 containing epoxy resins having biphenyl aralkyl skeletons (See,

for example, Patent Documents 1 and 2). Although these epoxy

resin compositions do not contain flame retardants, they



3 exhibit high flanme retardancy. Furthernore, these epoxy resin

conposi tions have advantages of | ow noi sture absorption, |ow nodulus when
bei ng heat ed, hi gh adhesiveness, resulting in production of highly reliable
sem conductor devices. A 5 disadvantage of these resins, however, is high
production costs. [0004] [Patent Document 1] Japanese Patent Application
Laid Open No. 2004-203911 10 [Patent Docunent 2] Japanese Patent Application
Laid Open No. 2004-155841 DI SCLOSURE OF THE | NVENTI ON [0005] An object of
t he presemthihvéntioh fikamne mprtvrdenan. epbuy t hesmas: N tbempospixgnréenn

sem conduct or encapsul ati on which does not contain a brom nated flane

r et ar dant compasn iartdrmoma ve angpoamtagexhbldi L oki gb ifsdtane: rass stancenr, egatdl ess
of low material cost, and high soldering resistance after humdified, as

wel | as amsenieenduEorbdercaeiat i o @h Seaheandist ©§ s 20 rekemanitng Sin
encapsul ated with a cured product fromthe conposition. 0006] That is, the

present ipveahi@n drs SPegifhed Beiting rettens codeffdi bedqbpithe foly owing. 25
[1] A resin conposition for séem conductor encapsul ation, conprising:

5 disadvantage of these resins, however, is high production
costs.
[0004]
[Patent Document 1] Japanese Patent Application Laid Open No.
2004-203911

10 ([Patent Document 2] Japanese Patent Application Laid Open No.
2004-155841
DISCLOSURE OF THE INVENTION
[0005]

An object of the present invention is to provide an epoxy

15 resin composition for semiconductor encapsulation which does
not contain a brominated flame retardant or an antimony
compound, exhibit high flame resistance regardless of low
material cost, and high soldering resistance after humidified,
as well as a semiconductor device in which a semiconductor

20 element 1is encapsulated with a cured product from the
composition.
[0006]

That is, the present invention is specified by thematters

described in the following.

25 (1] Aresin composition for semiconductor encapsulation,
comprising:

(A} an epoxy resin;



(A) an epoxy resin; 4 (B) a phenolic conpound containing two or nore
phenolic hydroxyl groups; (C an inorganic filler; and (D) a curing

accel erator; wherein the epoxy resin (A) 5 conprises an epoxy resin (al)
represented by the formula ), and the resin conposition has a noisture
absorption rate of 0.22 weight %or |esg when the conposition is humdified
at 85C and 85% R H. for 168 hours: [0007] OCH2CHCH2 W R2 0 (1) GH2 - Ar
G2411 . (R) arm(R0O)g 10 wherein Ar represents an aryl group having 6
to 20 carbon atof®) a Rhen@hth ceapresedtcanhgdndocar bep grouprkavhagolito 6
carbon atonms and may be the same or different; R2 represents a 15

hydr ocar bbpdgooyd haveowmgsil to 4 carbon atons; WL represents an oxygen or
sul fur atom RO s each represent a hydrocarbon group having 1 to 6 carbon
atoms and may becfhensamefanitffelent;; aridé an integer of 0 to 10; g is an
integer of O to 3; and mand n represent nolar ratios and satisfy O<nxl, 20

O<n<l, mtn=1, apg)thechatin Mdce1dri@ 0 MHerein the epoxy resin (A)
5 comprises an epoxy resin {al) represented by the formula (1),

and the resin composition has a moisture absorption rate of

0.22 weight % or less when the composition is humidified at

85°C and 85% R.H. for 168 hours:

[0007]
OCH,GHOH,
W1R2 | 0
L] > 1
CH2~— Ar CH2 C:}
| TR
~ m ~ 1
(R, (RO},

10

wherein Ar represents an aryl group having 6 to 20 carbon atoms;
R1's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; R2Z represents a
15 hydrocarbon group having 1 to 4 carbon atoms; Wl represents
an oxygen or sulfur atom; RO's each represent a hydrocarbon
group having 1 to 6 carbon atoms and may be the same or
different; a 1s an integer of 0 to 10; g is an integer of 0
to 3; and m and n represent molar ratios and satisfy 0<m<l1,
20 0<n<l1l, m+n=1, and the ratioc m/n = 1/10 to 1/1.
[0008]
[2] The resin as described in [1], wherein the epoxy resin

(al) is a glycidyl-etherification product of a phenol resin



[0008] [2] The resin as described in [1] , wherein the epoxy resin (al) is a
gl ycidyl -etherification product of a phenol resin 5 wth epichlorohydrin,
t he phenol resin being a co-condensation product of a phenol, an al dehyde,
and a conpound (G represented by the formula (2): [0009] (R1) - Ar- WR2
(2) 5 a wherein Ar represents an aryl group having 6 to 20 carbon atons;
R1's each represent a hydrocarbon group having 1 to 6 carbon atons and nay
be the sane or different; R2 represents a hydrocarbon group having 1 to 4
carbon atwish affickpoeséntds iI() &heoxlygenloresuhflueingenroamd raldrssanibnt eger
of 0 to 10. [0010] [3] The resin as described in [1] or [2], wherein the
epoxy resphno@akx ¢8 argheasanted diyddingdé prand a ¢Sppo(h0adl ) Qe LHEERtedif W
R2 0 (3) JCH +CH2(3" (R1)b ro (ROg n 15

by the formula (2):

[0009]

(m)a — Ar— W1R2 (2)

wherein Ar represents an aryl group having 6 to 20 carbon atoms;
R1's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; R2 represents a
hydrocarbon group having 1 to 4 carbon atoms; Wl represents
10 an oxygen or sulfur atom; and a is an integer of 0 to 10.
[0010]
[3] The resin as described in [1] c¢r [2], wherein the

epoxy resin (al) 1is represented by the formula (3):

[0011]
OCH,CGHCH,
W1R2 \ 0
/fl{j 1 g (@)
CH, 2, J CH, —F 3
m Ead
{RT}b {Rg}g

15

wherein R1's each represent a hydrocarbon grcup having 1 to
& carbon atoms and may be the same or different; R2 represents
a hydrocarbon group having 1 to 4 carbon atoms; Wl represents
20 an oxygen or sulfur atom; RO's each represent a hydrocarbon
group having 1 to 6 carbon atoms and may be the same or

different; b is an integer of 0 to 5; g is an integer of O to



wherein R1l's each represent a hydrocarbon group having 1 to 6 carbon atons
and may be the sane or different; R2 represents a hydrocarbon group having 1
to 4 carbon atons; WL represents 20 an oxygen or sulfur atom RO s each
represent a hydrocarbon group having 1 to 6 carbon atons and nay be the sane
or different; bis an integer of O to &% g is an integer of 0 to 6 3; and m
and n represent nolar ratios and satisfy O<nkl, 0O<n<l, mn=1, and the ratio
mn = 1/10 to 1/1. [0012] [4] The resin as described in [3] , wherein the
epoxy resBp arpdins ahepnesentedehy tbeatoraulias(4hd QOHREACH2<mOTH 0<n€i? CH2 O

(4) rnv

(R1)b (RO g wherein RI's each represent a hydrocarbon group having

1 to 6 cakhen,atwi and ppyibem/Me sanmelor tdi fifarent; RO's each 10 represent
a hydrocarbon group having 1 to 6 carbon atons and may be the sane or
differentjphibg an integer of 0 to 5 gis an integer of 0 to 3; and mand n
r epr esent nDIar rati os and satisfy 0O<nkl, 0<n<l, nwn |, and the ratio mn =

1/10 to 1/1. [Pp13l,d5lal, Ig %%%k%@ﬁ desed J[b %2*#1 mEjI kot s eLéHn[ 0014]

wher ei n
5

t he phenolic conpoun

IS represen

i1s represented by the formula (4):

OCH CHCH

OCH

{R1} {RO}

wherein R1's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; RO's each

10 represent a hydrocarbon group having 1 to 6 carbon atoms and
may be the same or different; b is an integer of 0 to 5; g is
an integer of 0 to 3; and m and n represent molar ratios and
satisfy 0<m<1l, 0<n<1l, m+n=1, and the ratio m/n = 1/10 to 1/1.
[0013]

15 [5] The resin as described in any of [1] to [4], wherein

the phenolic compound (B) is represented by the formula (5):

[0014]
OH OH
“\ H\
H W H (5)
(FZB)d \ (RS)d (R8)d

wherein R3's each represent a hydrocarbon group having 1 to

20 4 carbon atoms and may be the same or different; d is an integer



OHOHOH HCCH(5 H(R3)d HZ (R3)d Z k (R3)d wherein R3's each represent
a hydrocarbon group having 1 to 20 4 carbon atons and nmay be the sane or
different; d is an integer 7 of 0 to 2; and the average of k is in the range
of O to 8 [0015] [6] The resin as described in any of [1] to [5], wherein
the curing accelerator (D) is at |east ohe conpound selected 5 fromthe
group consisting of a conpound represented by the fornula (6), a conpound
represented by the fornula (7), a conpound represented by the formula (8),
and a conpbufdtor @pr eseit Blchby Vi@ Foromil B {9) 1 dduws|r Rpag pLfAd tq & . 10
wherein P represents a phosphorus atom R4, R5, R6, and R7 each represent an
aryl or al&QL5group; A represents an anion of an aromatic organic acid
having at | east one functional group selected fromthe group consisting of a
hydr oxyl group,[@ Itheardeokyl agroeperahddaihhanl gfolp]inot he] arom@tednri ng;
AH represents an aromatic organic acid having at | east one functional group
sel ected fremthengr avR Clonsa sbi-NgDef 18 abyUeaxyl o@eoddmpi orad hoxyé cgeaup,
and a thiol group in the aromatic ring; x and y each represent an integer of

1to 3% from the group consisting of a compound represented by the
formula (6), a compound represented by the formula (7), a
compound represented by the formula (8), and a compound

represented by the formula (9):

[0016]
- R4 7+
| ‘ .
R —p —R7 [A] {AH]- ®)
| T
- Rs

10

wherein P represents a phosphorus atom; R4, R5, R6, and R7 each
represent an aryl or alkyl gréup; A represents an anion of an
aromatic organic acid having at least one functional group
selected from the group consisting of a hydroxyl group, a
15 carboxyl group, and a thiol group in the aromatic ring; AH
represents an aromatic organic acid having at least one
functional group selected from the group consisting of a
hydroxyl group, a carboxyl group, and a thicl group in the
arcmatic ring; x and y each represent an integer of 1 to 3;
20 z represents an integer of 0 to 3; and x=y;

[0017]



20 z represents an integer of 0 to 3; and x=y; [0017] ((x1)e P ff (7) 3
(Y1) wherein X1 represents an al kyl group having 1 to 3 carbon atons; Y1
represents a hydroxyl group; and e and f represents an integer of 0 to 3; 5
[0018] RB ~ 1 ~ R11 R9- P+ 0 (8) 1 P12 RIOR13 OH wherein P represents a
phosphorus atom R8, R9, and R10 represgent al kyl groups each having 1 to 12
carbon atons or aryl groups each having 6 to 12 carbon atons and nmay be the
same 10 or different; R11l, R12, and R13 represent hydrogen atons or

hydr ocar bon groyps each havi 1 to 12 carbon atons and may be the sane or

di fferent where S@d Ry be nutuaILy linked to forma cyclic

structure; and |[ 0019]
(7)
3

(Y1)

wherein X1 represents an alkyl group having 1 to 3 carbon atoms;
Yl represents a hydroxyl group; and e and f represents an

integer of 0 to 3;

5 [0018]
R8 o
Rg L+ R11
| O (8)
R10 R12 R12
OH

wherein P represents a phosphorus atom; R8, R9, and R10
represent alkyl groups each having 1 to 12 carbon atoms or aryl
groups each having 6 to 12 carbon atoms and may be the same
10 or different; R11, R12, and R13 represent hydrogen atoms or
hydrocarbon groups each having 1 to 12 carbcon atoms and may
be the same or different where R11 and R12 may be mutually linked

to form a cyclic structure; and

[0019]
I Ri5 | T 1
R14—rL— R16 AN ©)
_ 4 A
15 L _ L J




(~) R14-P-R16 Y2-Si-Y4 RI17 x2 Y Y5 x3 15 9 wherein P represents a
phosphorus atom Si represents a silicon atom R14, R15, R16, and R17
represent organic groups each having an aromatic or heterocyclic ring or
aliphatic groups and may be the same or different; X2 represents an organic
group 5 linked with both groups Y2 and ¥3; X3 represents an organic group

| inked with both groups Y4 and Y5; Y2 and Y3 each represent a proton donor
noi ety fromwhich two protons are lost, and are linked with the silicon atom
to form awhbelkaheP stapict sie et s Y& pharep ¥or eacht arepisdseab ra sproton dbhoconoi ety
fromwhich two 10 protons are |lost, and are linked with the silicon atomto
form a chebate rsta,uctus g; RX2, anth XR IRYrfprebensarer @in dif Gevents ean Y3,
Y4, and Y5 are the sane or different; and Z1 represents an organic group

havi ng annakenRt iag 14 NenHF i Beper ﬁ@)t%lﬂoccgdlngc Pingnodl ianl %H&tﬁé@?@oué@
[0020] [7] The resin as described in any of [1] to [6], wherein he resin

conposi ti Qﬂdfﬁé}%&%tﬁg@éhé% diBrA S ane E%B@e's%gl@:g%@{[ erﬁ%ﬂl(:': 8

aronatlc conpou aV|ng at least two ydroxyl = 20 groups corbi ned W th each

gf adl TE %%ﬂb% %‘@tr‘fo Bo ?a'sngrz. ey arpmekhe, Lo dfls e £§5A43S
eSCI’I er elrn aromati C
group linked with both groups Y4 and Y5; Y2 and Y3 each represent
a proton donor moiety from which two protons are lost, and are
linked with the silicon atom to form a chelate structure; Y4
and Y5 each represent a proton donor moiety from which two
10 protons are lost, and are linked with the silicon atom to form
a chelate structure; X2 and X3 may be the same or different;
Y2, Y3, Y4, and Y5 are the same or different; and Z1 represents
an organic group having an aromatic ring or heterocyclic ring
or an aliphatic group.
15 [0020]

[7] The resin as described in any of [1] to [6], wherein
the resin composition further comprises:

{E} a silane coupling agent; and

(F) an aromatic compound having at least two hydroxyl

20 groups combined with each of adjacent carbon atoms comprising
the arcmatic ring.

[B] The resin as described in [7], wherein the aromatic
compound (F) has two hydroxyl groups combined with each of
adjacent carbon atoms comprising the aromatic ring.

25 {8] The resin as described in [7], wherein the aromatic
compound (F) has a naphthalene ring and at least two hydroxyl

groups combined with each of adjacent carbon atoms comprising



conpound (F) has two hydroxyl groups conbined with each of adjacent carbon
atons conprising the aromatic ring. 25 [9] The resin as described in [7],
wherein the aromatic conpound (F) has a naphthalene ring and at | east two
hydr oxyl groups conmbi ned with each of adjacent carbon atonms conprising 10

t he napht hal ene ring. [10] The resin asjgescribed in [7] , wherein the
aromati ¢ conpound (F) has a naphthal ene ring and two hydroxyl groups
conbined with each of adjacent carbon atons conprising the 5 naphthal ene
ring. [llihdheapéesihelasnaestnigbed in any of [7] to [10] , wherein the resin
conposition contains the aromatic conpound (F) in an amount of 0.01 weight %
or nore to 1 weight PheorrdLiss d0 detdter 1194 @l i mei ght wafe tden rgse mcanPpostt i on.
10 [12] The resin as described in any of [7] to [11] , wherein the resin

conposi ti hmeenhal NF)t hey $id angpBeHBienG agely 4 tid apdamBuTt efclp8l
wei ght % or nore to 1 weight %or less to the total weight of the resin

composi t @b A3k The sk 8na8 536 hed | 8y anknof orks Jodipl s 12l o ber el n

15 the resin conposition contains the inorganic fill (© 1in an "anount of

80 weigght,, d wei ght % or less to the total wei ght of the resin
conp05|t|o%gRFT§? Xbcgid%%g to the present invention, there is provided a

sem conduct or V. npri.sin 20 _a.sem conduct l.e n sulated by
t he cured re5|nﬁl4fthe IFEtha%dﬁ%%EF ?bg?aescrngé gﬁy o@p ]

the resin composition contains the aromatic compound (F) in
an amount of 0.01 weight % or more to 1 weight % or less to
the total weight of the resin composition.

10 [12) The resin as described in any of [7] to [11], wherein
the resin composition contains the silane coupling agent (E)
in an amount of 0.01 weight % or more to 1 weight % or less
to the total weight of the resin composition.

[13] The resin as described in any of [1] to [12], wherein

15 the resin composition contains the inorganic filler (C) in an
amount of 80 weight % or more to 92 weight % or less to the
total weight of the resin composition.

[14] According to the present invention, there is
provided a semiconductor device comprising:

20 a semiconductor element encapsulated by the cured resin of the
resin composition described in any of [1l] to [13].
fooz21]

According to the present invention, there is provided
an epoxy resin composition for semiconductor encapsulation

25 which does not contain a brominated flame retardant or an

antimony compound, exhibits high flame resistance regardless

of low material cost, and high soldering resistance after



[ 0021] According to the present invention, there is provided an epoxy resin
conposition for sem conductor encapsul ati on 25 which does not contain a

brom nated flane retardant or an antinony conpound, exhibits high flanme
resistance regardless of |low nmaterial cost, and high soldering resistance
after 11 humdified, as well as a sem ggnductor devise. [0022] According to
the present invention, there is provided an epoxy resin conposition which
exhibits high flame resistance 5 regardless of |ow material cost, and high
sol deri nghuesicsitfance, afsewehimadi fd edem$oontuics csuideabl eef or a sem conduct or
device of a surface-nounted device. BRI EF DESCRI PTI ON OF THE DRAW NGS

[0023] 10[®%hecabove and other objects, advantages and features of the
present invention will be nore apparent fromthe followi ng description taken

in conj unction MLR HAGAGKONDRAOYHRE s cHaviN\as, ¢ [ 9924k hel [Fi gyrvikichi 0. 1
IS a cross-sectional view of a sem conductor device using an epoxy resin

CORP o R B8 L | R PRRTBE =8 e B E0280 VBRI BRp PTG
regr]§on?8gggé¥ggg%fihnvmaterialcost,andhighsolderingresistance
after humidified, so it is suitable for a semiconductor device
of a surface-mounted device.
BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

10 The above and other objects, advantages and features of
the present invention will be more apparent from the following
description taken 1in conjunction with the accompanying
drawings.

[0024]

15 [Figure 1] Fig. 1 is a cross-sectional view of a semiconductor
device using an epoxy resin composition according to an
embodiment of the present invention.

BEST MODE FOR CARRYINMG OOUT THE INVENTION
[0025]

20 The present invention provides a resin composition for
semiconductor encapsulation comprising an epoxy resin (A), a
phenolic compound (B) containing two or more phenolic hydroxyl
groups, an inorganic filler (C), and a curing accelerator (D).
The epoxy resin (A) comprises an epoxy resin (al) represented

25 by the formula (1). The resin composition has a moisture

absorption rate of 0.22 weight % or less when the composition

is humidified at 85°C and 85% relative humidity (R.H.) for 168



sem conduct or encapsul ati on conprising an epoxy resin (A), a phenolic
conpound (B) containing two or nore phenolic hydroxyl groups, an inorganic
filler (C , and a curing accelerator (D) . The epoxy resin (A) conprises an
epoxy resin (al) represented 25 by the formula (1). The resin conposition has
a noisture absorption rate of 0.22 weight % or |ess when the conposition is
hum di fied at 85C and 85% relative humdity (R H) for 168 12 hours. This
epoxy resin conposition exhibits high flane resistance and hi gh sol dering
resi st ancecatser Dhisdiefdccat | ofs inegamgloasist iodn | ewhabtiers aliglostlame

Herei nafter, each conponent will be described in detail. 5 [0026] The epoxy
resin (alpe@ssafneROXydresyn N deephgseatedt aby-d he teor Muka dilYidst usad in
the present invention. This epoxy resin (al) contains many intranol ecul ar

aromatic cagheniatans s and ﬁg&@ql%gpxng@5|n conpositions containing this
epoxy resin 10 exhibit high flame resistance and IOM/nnlsture absor ption.

The ratio mn Slctie, SbEuetUEalalolhsoRandy M LG LOEMLA 441l 350 the

range of prefera and re prefera 1 9to 1l Aratio nin
mnthlg Qgi ?g?ge | eads to high flame resistance, |ow viscosity, and thus
hi gh fl y of the 15 resin conposition. [0027) OCH2ZCHCH2 WL R2 O 4 ti

(1) The epoxy resin (al) as an epoxy resin (A) represented
by the formula (1) is used in the present invention. This epoxy
resin (al) contains many intramolecular aromatic carbon atoms,
and cured epoxy resin compositions containing this epoxy resin

10 exhibit high flame resistance and low moisture absorption.
The ratio m/n of the structural units m and n in the formula
(1) is in the range of preferably 1/10 to 1/1 andmore preferably
1/9 to 1/2. A ratio m/n within this range leads to high flame
resistance, low viscosity, and thus high flowability of the
15 resin composition.

[0027)

OCH,GHCH,
W1R2 O
| (1)
DHE - T.l’ | CHE
~Mm ~ N
(R1Y, (RO),

20 wherein Ar represents an aryl group having 6 to 20 carbon atoms;
R1's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; R2 represents a

hydrocarbon group having 1 to 4 carbon atoms; Wl represents



CH2 - Ar +CH2 (Rl)a Im (RO g fn 20 wherein Ar represents an aryl group having
6 to 20 carbon atons; R 's each represent a hydrocarbon group having 1 to 6
carbon atonms and may be the same or different; R2 represents a hydrocarbon
group having 1 to 4 carbon atons; W represents 13 an oxygen or sulfur atom
RO's each represent a hydrocarbon grougshaving 1 to 6 carbon atons and nmay
be the sane or different; ais an integer of 0 to 10; g is an integer of O
to 3; and mand n represent nolar ratios and satisfy O<nxl, 5 O<n<l, m:n=1,
and the rati exigerr dyf 1&ul eul/ i+ onf;0028] s BExaopl espet stdre: epaxydreshmboal )
represented by the formula (1) include, but not limted to, epoxy resins

represent ther {05 Ml ac(4) .cdeoh 05 BBhE GHY mdhepéotrul akE (d4) . and

t he fornu?a (12) . Inview of flame resistance, epoxy resins represented by

the for rmh@f(f@re(rﬁf in he fonmuleaydd)o s corEgspandy g the P@PQ?B%‘ &Fe ¢ i ng
in formula (4)) and epoxy resins Tepresented by the fornula (1 are nore

preferred, [300(%%1 LR, PO Qe B8 40268} GRELY @a(ﬁogf§ bemckd

wherein RI"s ea represent a hydrocarbon group having
5 0<n<l, m+n=1, and the ratio m/n = 1/10 to 1/1.

[(0028]

Examples of the epoxy resin {(al) represented by the
formula (1) 1include, but not limited to, epoxy resins
represented by the formula (4), the formula (10), the formula

10 (11}, and the formula (12). In view of flame resistance, epoxy
resins represented by the formula (4) (Ar in the formula (1)
corresponds to the naphthalene ring in formula (4)) and epoxy

resins represented by the formula (ll) are more preferred.

[0029]
DCFIFHLH
OCH,
N '“ﬁj
2 s
{R1)b (RO)

15

wherein Rl's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same er different; RO's each
represent a hydrocarbon group having 1 to 6 carbon atoms and
20 may be the same or different; b is an integer of 0 to 5; g is
an integer of 0 to 3; and m and n represent molar ratios and
satisfy 0<m<1l, 0<n<l, m+n=1, and the ratio m/n = 1/10 to 1/1;

[0030]



6 carbon atons and may be the sanme or different; RO s each represent a
hydr ocarbon group having 1 to 6 carbon atons and 20 may be the sane or
different; b is an integer of 0 to 5; gis an integer of 0 to 3; and mand n
represent nolar ratios and satisfy O<nxl, O<n<l, mtn=1, and the ratio nin =
1/10 to 1/1; [0030] 19 OCH2CHCH2 OC2H340 CH2 CH2 0 (10) /mrn (R1) C
(RO g wherein Rl's each represent a hydrocarbon group having 1 to 6 carbon
atons and nmay be the sane or different; ROs each 5 represent a hydrocarbon
group having 1 to 6 carbon atons and nay be the sanqoe#{e; erent; c is an
integer of 0 to 3; gis an |nteger of to 3; myand n;rébresent nol ar

ratios and satisfy 0<nxl, 0<n< ﬂ and the ratlo mi® = 1/10 to 1/1;
[ 0031] OCH2CHCH2 SC2 0 CH2 2 (1 4: 4 ,m.n| (R)n (ROg 10
CHE (10}
,m
{R1} (RO)g

wherein Rl's each represent a hydrocarbon group having 1 to
© carbon atoms and may be the same or different; RO0's each
5 represent a hydrocarbon group having 1 to 6 carbon atoms and
may be the same or different; ¢ is an integer of 0 to 3; g is
an integer of 0 to 3; and m and n represent molar ratios and

satisfy 0<m<1l, 0<n<l, m+n=1, and the ratio m/n = 1/10 to 1/1;

[0031]
OCH,CHCH,
SC,H, Y
Y 1 [
™ 1‘“‘:\] SR
CH, L CH, —+{
eI [ 2 J%J
N -~ Am sn
\91)h (R}

10

wherein R1's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; RO's each
represent a hydrocarbon group having 1 to 6 carbon atoms and

15 may be the same or different; b is an integer of 0 to 5; g is
an integer of 0 to 3; and m and n represent molar ratiocs and
satisfy 0<m<1l, 0<n<1l, m+n=1, and the ratio m/n = 1/10 to 1/1;
and

[0032]



wherein R1l's each represent a hydrocarbon group having 1 to 6 carbon atons
and may be the sane or different; RO s each represent a hydrocarbon group
having 1 to 6 carbon atons and 15 may be the sanme or different; b is an
integer of 0 to5; gis an integer of 0 to 3; and mand n represent nolar
ratios and satisfy O<nxl, 0<n<l, mtn=l;gand the ratio mn = 1/10 to 1/1,

and [0032] 15 OCH2CHCH2 SCH3 0 CH2 CH2 (RI) C (RO g wherein Rl's each
represent a hydrocarbon group having 1 to 6 carbon atons and may be the sane
or different; ROs each 5 represent a hydrocarbon group having 1 to 6 carbon
atons and may be the sane or different; c is an integer of 0 to 3; gis an
integer of 0 to 3; and mand n represent nolar rati 68 RgeHCHat i sfy O<nxl,
O<n<1l, m:n=1, and the ratio mn :sth%p to 1/1. [0033] 1Q0ﬁhe epoxy resin
(al) represented by the fornula (1) ,"wsed ,n the present invention, can be

prepared by glycidylt{etherifi a co-conde i gn product gé}a
phenol, an al dehyde n$ﬁg e t fornuﬁ (2),
usi ng epi chl orohydrin € co is 15 char ilzed in that an
aromatic ring not bonded to a ci dyl /met her grou s lkwnked with WLR2 where
WL represents an oxygen (R (ROJ,

wherein R1l's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; RO's each

5 represent a hydrocarbon group having 1 to 6 carbon atoms and
may be the same or different; ¢ is an integer of 0 to 3; g is
an integer of 0 to 3; and m and n represent molar ratios and
satisfy 0<m<l, 0<n<l, m+n=1, and the ratiom/n = 1/10 to 1/1.
[0033]

10 The epoxy resin {al) represented by the formula (1), used
in the present invention, can be prepared by
glycidyl-etherification of a co-condensation product of a
phenol, an aldehyde, and a compound (G) represented by the
formula (2), using epichlorohydrin. The compound (G) 1is

15 characterized in that an aromatic ring not bonded to a glycidyl
ether group is linked with W1RZ2 where Wl represents an oxygen
or sulfur atom and R2 represents a hydrocarbon group having
1 to 4 carbon atoms. Bonding of W1IRZ2 imparts polarity to the
compound (G) represented by the formula (2). This molecular

20 polarity improves the reactivity and facilitates introduction
of the structure of the compound (G) into the novolak resin

composed of the phenol and aldehyde. Furthermore, this epoxy



or sulfur atomand R2 represents a hydrocarbon group having 1 to 4 carbon
atons. Bonding of WLR2 inparts polarity to the conpound (G represented by
the formula (2). This nolecular 20 polarity inproves the reactivity and
facilitates introduction of the structure of the conpound (G into the
novol ak resin conposed of the phenol ang al dehyde. Furthernore, this epoxy
16 resin (al) can be readily produced or available at lower material costs
conpared with phenol aral kyl epoxy resins having biphenyl ene skel etons,

whi ch al speexhi [iatl )hicgin fhaneeadediystramduaad bewavas istaly eabsorlptviean. 5
[0034] (R1) -Ar-WLR2 (2) a wherein Ar represents an aryl group having 6 to

20 carbomatersal &bsssennips eprasent ph dnedr aeantkan gpewy having Hat ong
carbon atonms and nmay be the same or different; R2 represents a 10

hydr ocar bonp geaYR haVidie let Onéd , canhaim ai Das; < Wh iLERT @SEHh S£1a8meOXygen or
sul fur atony and a is an integer of 0 to 10. [0035] Exanples of phenols used

I n produc{é@@a@!‘antc%e ﬁ&@xyﬂaeﬁb&st@lé i@%&f‘%@iolﬂqt not limted to, phenolic
p

conmpounds used in 15 synthesis of genera enol resins, e.g. phenol,
o-cresol , g-gﬁ?sol, m cresol, butyl phenol, xylenol, nonyl phenol, 1-naphthol,
and 2-naph %ol. These phenols may be used alone or in conbination. [0036]

(Rﬂq — Ar— W1R2 (2)

wherein Ar represents an aryl group having 6 to 20 carbon atoms;
R1's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; RZ represents a

10 hydrocarbon group having 1 to 4 carbon atoms; Wl represents
an oxygen or sulfur atom; and a is an integer of 0 to 10.
[0035]

Examples of phenols used in production of the epoxy resin
(al) include, but not limited to, phenolic compounds used in

15 synthesis of general phenol resins, e.g. phenol, o-cresol,
p-cresol, m-cresol, butylphenol, xylenol, nonylphencol,
l-naphthol, and Z2-naphthocl. These phenols may be used alone
or in combination.

[0036]

20 Examples of aldehydes used in production of the epoxy
resin (al) include, but not limited to, aldehyde compounds used
in synthesis of general phenol resins, e.g. formaldehyde,
acetaldehyde, benzaldehyde, and salicylaldehyde. These
aldehydes may be used alone or in combination.

25 [0037]

Examples of the compound (G) represented by the formula



20 Exanpl es of al dehydes used in production of the epoxy resin (al) include,
but not limted to, al dehyde conpounds used in synthesis of general phenol
resins, e.g. formal dehyde, acetal dehyde, benzal dehyde, and sali cyl al dehyde.
These al dehydes may be used alone or in conbination. 25 [0037] Exanpl es of
t he conpound (G represented by the forpwla 17 (2) include met hoxybenzene,
et hoxybenzene, nethyl phenyl sulfide, ethyl phenyl sulfide,

met hoxynapht hal ene, et hoxynapht hal ene, nethyl naphthyl sulfide, and ethyl
napht hyl sz fidelulwong thesebearpoundssticorpbenden® ,r epgasent pdehy it he
formula (13) are preferred and nethoxynapht hal ene conpounds represented by
the formda £14), areparphenlarkyipriefer red: neqpsiagerd g shgh flame

resi stance and |ow noisture absorption: [0038] W1 R2 / / (135 pi) b 10

wher ei n @Eﬁo?%@pfh%ﬁ{aels&‘{‘é,am@%ﬂ&qcé{a%{'tkgwuguh%\iidég Li® eBnGarbon atons
and may be the sane or different; "R2 represents a hydrocarbon group having 1

to 4 carbor,alags; W sepLes AP PO SHLEUT LBy ARd b is an
i nteger o Q% togg; Sand{lc%“{ [818@%?(3 tpo A cBrifdu
5 represented by the formula (13) are preferred and
methoxynaphthalene compounds represented by the formula (14)

are particularly preferred, considering high flame resistance

and low moisture absorption:

(0038]
W1R2
(13)
(R1),
2
10
wherein R1's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; R2 represents
a hydrocarbon group having 1 to 4 carbon atoms; Wl represents
an oxygen or sulfur atcm; and b is an integer of 0 to 5; and
15 (0039]

OCHq
(14)

(R1),

wherein R1's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; and b is an
integer of 0 to 5.

20 [0040]



OCH3 7 . (14) (R )b wherein Rl's each represent a hydrocarbon group havi ng
1 to 6 carbon atons and may be the sane or different; and b is an integer
of 0O to 5. 20 [0040] 18 Synthetic nethods of phenol resins, which are
precursors of the epoxy resin (al) used in the present invention, are not
limted. For exanple, the phenol resinsigan be prepared by co-condensation
of phenol s, al dehydes, and the conpound (G 5 represented by the fornmula (2)
in the presence of acid catalysts. [0041] The epoxy resin (al) used in the
present inventi®wnniohytilbemsyhrhliespZephdyodnyepiocesshiEbraegampeepraoplsenol
resin, 10 which is the precursor of the epoxy resin (al), is dissolved in an
excess anotinthefeppkghtesohydain, uaad thethe xizeeens ialkawedri,0areaabtin the
presence of an al kali netal hydroxide, e.g. sodium hydroxide or potassium

hydr oxi de1aini%@d.0 ¥20C eaaflp pe ef ehablphehib 1 ord206sf eanl B dPepaues. bAf ter
the reaction, 15 the excess epichlorohydrin is renoved by distillation. The

residue i godicesR{aesht Non 6§01 ypaBhcaUch ABqéR| Hese @rndr&tmlcom%@bﬁayl(che_tone-
The solution is filtered and 1s washed with water to renpove the inorganic

fglsit . 5(Tg|e§§?>'r‘é%’3nﬂéd repvede byodhdhial | abh o fopfel & and ptendgd gpoxy
catalysts.
(0041)

The epoxy resin (al) used in the present invention may

be synthesized by any process. For example, a phencl resin,

10 which is the precursor of the epoxy resin {al), 1s dissolved
in an excess amount o©f epichlorohydrin, and the mixture is
allowed to react in the presence of an alkali metal hydroxide,
e.g. sodium hydroxide or potassium hydroxide at 50 to 150°C
and preferably 60 to 120°C for 1 to 10 hours. After the reaction,

15 the excess epichlorohydrin is removed by distillation. The
residue 1is dissolved in a solvent such as toluene or methyl
isobutyl ketone. The solution is filtered and is washed with
water to remove the inorganic salt. The solvent is removed
by distillation to yleld an intended epoxy resin (al).

20 [0042]

In the present invention, any other epoxy resin may be
used in combination with the epoxy resin (al) represented by
the formula (1). Examples of such epoxy resins include
biphenyl epoxy resins, bisphenol epoxy resins, stilbene epoxy

25 resins, phenol novolak epoxy resins, cresol novolak epoxy

resins, triphenolmethane-type epoxy resins, phenol aralkyl

epoxy resins having phenylene skeletons, phenol aralkyl epoxy



20 [0042] In the present invention, any other epoxy resin may be used in
conbination with the epoxy resin (al) represented by the formula (1).
Exanpl es of such epoxy resins include biphenyl epoxy resins, bisphenol epoxy
resins, stilbene epoxy 25 resins, phenol novol ak epoxy resins, cresol novol ak
epoxy resins, triphenol nmethane-type eppygy resins, phenol aralkyl epoxy

resi ns having phenyl ene skel etons, phenol aral kyl epoxy 19 resins having

bi phenyl ene skel et ons, napht hol -type epoxy resins, alkyl-nodified

t ri phenol nes hapehlayfier epoxyheasilese dskdBZtoRshi mgpdi@l At pgeep@ok y €si ns,
and dicycl opent adi ene-nodi fi ed phenol epoxy resins. In 5 consideration of

noi sture resiatanca kof1-apeayrriesi i r iGHEOS1 ke @RS nfeort {eMm e98dYCt@Isins,
encapsul ation, it is preferred that the contents of ionic inpurities such as

sodi um cat | 0Rs ; nand Gl OEbREA BRI QRS 385 FOWias Possible. In view of
curability, the epoxy equivalent i's preferably in the range 10 of 100 g/eq

to 500 g/ s n | d.i i Lon, +fhe roportion
9 c?ﬂcy!:ﬁo%%ﬁt%%& nERREN IR dive HSE ng%ixﬁf’@éé‘fﬁé 1 prop

of the epoxy’'res to the overal I" epoxy is preferably 10 weight %

or nore, nore.preferably 30 weight %_ or.npre, and nost preferably 50 wei ght
96 orsnnr%?n?ﬁHSF gﬁ'I% ©15"4¢c ?5&5 H?ﬁ%ﬁ??%ﬂ%ergga§?%%%%.rf3623] The resin

composi 11 on according Lo ! he resent | VNt gn, 063l Ns 2 pheol Le, cgnpound

that the contents of ionic impurities such as sodium cations
and chlorine anions be as low as possible. In view of
curability, the epoxy equivalent is preferably in the range
10 of 100 g/eq to 500 g/eq.
If any other epoxy resin is used in combination, the
proportion of the epoxy resin (al} to the overall epoxy resin

Q

is preferably 10 weight % or more, more preferably 30 weight %

or more, and most preferably 50 weight % or more, in order to
15 achieve high flame resistance.

[0043]

The resin composition according to the present invention
contains a phenolic compound (B) containing two or more
phenolic hydroxyl groups, as a curing agent. This phenolic

20 compound (B) ensures high flame resistance and moisture
resistance, excellent electrical characteristics, curability,
and preservation stability. The phenclic compound (B) may be
a monomer, oligomer, or polymer having two or more phenolic
hydroxyl groups in the molecule. The molecular weight and

25 structure of the phenolic compound (B) are not limited.

Examples of the phenolic compound (B) include phenol novolak

resins, cresol novolak resins, triphenolmethane-type phenol



phenol i ¢ hydroxyl groups, as a curing agent. This phenolic 20 conpound (B)
ensures high flanme resistance and noi sture resistance, excellent electrical
characteristics, curability, and preservation stability. The phenolic
conpound (B) may be a nononer, oligoner, or polyner having two or nore
phenolic hydroxyl groups in the nolecukg. The nol ecul ar weight and 25
structure of the phenolic conpound (B) are not limted. Exanples of the
phenol i ¢ conmpound (B) include phenol novolak resins, cresol novol ak resins,

tri phenol peshare- ttypepphenabd2F i gespmsnot erpenerstodi fi ed phenol resins,
di cycl opent adi ene-nodi fi ed phenol resins, phenol aral kyl resins having

phenyl enedaag/cqroﬁérp@wyéﬁ@em@l@eﬂ et &spheAaRNtrkRA] i g al kivknbesians thayi ng
phenyl ene and/ or bi phenyl ene 5 skel etons, and bi sphenol conpounds. These

conpounds . gRY nRe h 158y abABRR Al dd) £0FPLPALE Qe ) M EVSRE1eWIgRI | ity, the
hydr oxyl equival ent of "the conpound is preferably in the range of 90 g/eq

29 250 iy 0 88 T sLeCol v g bl oot (B sl 2

represente ornmu onpound ~'represen

f or mul 5 as nan henol. i ¢, hydr.oxyl r oyps. €epoxy resin conposition
cont ai‘hi nKEREE THendt e Beshpsti SamprtSdR: o ReRB A Rk olBo Hey " and
15 productivity, resulting in | ow material_and, production costs. A cured
product tHEFEoR J&XHT bPf st iﬁﬁWH%ﬂﬁﬁ%ﬂR’de%giY§egn@%gﬂ%&%bf Andirt i

tenperature (TQ). haniniting exanpl es of , ,
hydroxXyl equivalent of the compound is preferably in the range

of 90 g/eq and 250 g/eq.
(0044]

10 Preferably, the phenolic compounds (B) should be
represented by the formula (5). This phenolic compound
represented by the formula (5) has many phenolic hydroxyl
groups. An epoxy resin composition containing this phenolic
compound exhibits high reactivity, moldability, and

15 productivity, resulting in low material and production costs.
A cured product thereof exhibits high crosslink density and
glass transition temperature (Tg). Nonlimiting examples of
the phenolic resin represented by the formula (5) include
phenol novolak resins and cresol novolak resins.

20 [0045]
OH - OH

H A c((l\\ C H (5)
S AL S-S

N
I
(R, RR), N (RB),

wherein R3's each represent a hydrocarbon group having 1 to
4 carbon atoms and may be the same or different; d is an integer

of 0 to 2; and the average of k is in the range of 0 to 8.



the phenolic resin represented by the fornula (5) include phenol novol ak
resins and cresol novolak resins. 20 [0045] OGHOH OHH-6-CCH (5 R3)d H
(R3)d k (R3) d wherein R3's each represent a hydrocarbon group having 1 to 4
carbon atons and may be the same or different; d is an integer of 0 to 2;
and the average of k is in the range of ,@ to 8. 21 [0046] The proportion of
t he phenolic conmpound represented by the formula (5) is not limted and
preferably 10 weight % or nore, nore preferably 30 weight % or nore, and
nost prefenalale 5 50 weight % or nore to the total ampunt of the phenolic
conpounds (B) in order to ensure satisfactory reactivity and productivity.

[0047] The inorgaai {érf)plo'&rldrp)oﬂl&efﬂelpﬂhéﬂ‘ﬂ@l@E:e§©ﬂ1bdd’ﬁlcﬁrkté[§)ﬁeséﬁt@@ybt?{e any
comon inorganic filler used for resin conpositions for sem conductor

encapsul at h@n.r A o | pflé%twm@@b@ ahld lp%ref(eq_)awgl uge,tuzed sibica,

spherical silica, crys i ne lica, alumna, licon nitride, and al um num

ntride. b oevi gl oaldabl ] Vo 39 AT 4 e size ol sEnorganicphi) | et
% e o 5% %é s

15 (C) is prefera Iy in 1 pmto 0 pm | t he
| nor g3t ochigt eEnla) og%q?%@gzt%wggi o EROn S 6 Y- SAPEELALON L A0gES L
(B) in order to ensure satisfactory reactivity and
productivity.
(0047]
The inorganic filler (C) used in the present invention
10 may be any common inorganic filler used for resin compositions
for semiconductor encapsulation. Examples of the inorganic
filler (C) include fused silica, spherical silica, crystalline
silica, alumina, silicon nitride, and aluminum nitride. In
view of moldability, the particle size of the inorganic filler
15 (C) is preferably in the range of 0.01 pym to 150 pm. The content
of the inorganic filler (C) to the overall epoxy resin
composition ranges from preferably 80 weight % to 92 weight %,
more preferably 82 weight % to 91 weight %, and most preferably
84 weight % to 90 weight % An inorganic filler content within
20 this range can prevent moisture absorption of the epoxy resin
composition, and can ensure high mechanical strength and thus
high soldering crack resistance. Within such a range of the
inorganic filler content, the epoxy resin composition has
satisfactory flowability and thus satisfactory moldability.
25 [0048]
The curing accelerator (D) in the present invention is

used to facilitate the reaction of the epoxy groups in the epoxy



nore preferably 82 weight %to 91 weight % and nost preferably 84 weight %
to 90 weight % An inorganic filler content within 20 this range can prevent
noi sture absorption of the epoxy resin conposition, and can ensure high
mechani cal strength and thus high soldering crack resistance. Wthin such a
range of the inorganic filler content, phe epoxy resin conposition has
satisfactory flowability and thus satisfactory noldability. 25 [0048] The
curing accelerator (D) in the present invention is wused to facilitate the
reacti on péstihewepoxphgnaups: nyddtex gpaxyo22s @ £5ihe witdn phienot oephyddoxyl
groups of the phenolic conpound. Any curing accelerator used in conmopn epoxy

resin conpAsi¢honsg d6tesemacduster i encanpaohadp ORy Bys be dises s Exasplses of
such curing accel erators include phosphorus-containing conpounds, 5 such as

organi ¢ phgsphines onleldtds S ubaddit Bt PRASPAEH M cGOMPeYRGH 1es of such
phosphobet ai nes, adducts of phosphines and quinones, and adducts of

phosphoni ym-Gopguads And St ang %?W%?ﬁagﬁg—%tr{%ﬁ%%ﬁw ds

conmpounds such "as 1, 8-di azabi cyc ndecene- 7, ben et hyl am ne,

[
d 1Q. 2- Lim t: : h - L Qi
gPefe?%edgﬁ#g¥5g¥gﬂ%§%$$ﬁtég%%%ggpq%ﬁiuﬁ?eggn%%hﬁagpgégéﬁgggoﬁ g}erﬁgﬂsiﬁre
vi ew of romabiIk%y o&m}h (gesin. ggnpos%{iqps Ig VhGW/?;.|Q¥/nD ul us when
the cur ed“8PERY 1EST BN OSHHU 17 RSPs RESUSH: S phbsBRESEMEiTE® coliPounds and

adducts 15 of phosphi ne ¢ ounds and qui none conpounds are preferred. In
Tiew of | APSRORAR AOTTt § QORgdde gt SHBEBRGT LI CHEBR e e <1 1 ans

compounds; and nitrogen—cohtaining compounds such as
1,8-diazabicyclo(5,4,0) undecene-7, benzyldimethylamine, and
10 2-methylimidazcle. Among these, phosphorus-containing
compounds are preferred. Tetra-substituted phosphonium
compounds are more preferred in view of flowability of the resin
composition. Inview of low modulus when the cured epoxy resin
composition 1s heated, phosphobetaine compounds and adducts
15 of phosphine compounds and quinone compounds are preferred.
In view of latent curability, adducts of phosphonium compounds
and silane compounds are preferred.
[0049]
Examples of organic phosphines usable in the present
20 invention include primary phosphines, such as ethylphosphine
and phenylphosphine; secondary phosphines, such as
dimethylphosphine and diphenylphosphine; and tertiary
phosphines, such as trimethylphosphine, triethylphosphine,
tributylphosphine, and triphenylphosphine.
25 [0050]
The tetra-substituted phosphonium compounds usable in

the present invention are represented by the formula (6):



and sil ane conpounds are preferred.

usable in the present 20 invention include primry phosphi nes, such as
et hyl phosphi ne and phenyl phosphi ne; secondary phosphi nes, such as

di met hyl phosphi ne and di phenyl phosphi ne; and tertiary phosphines, such as

trimet hyl phosphi ne, triethyl phosphine, 28ributyl phosphine, and

tri phenyl phosphi ne.

usable in the present invention are represented by the formula (6): 23
[0051] 4 [RBS1]IR7y [A] vy [AH wherein P represents a phosphorus atom R4, R5,
R6, and R7 each represent an aryl or al kyl group; A represents an anion of an
5 aromatic organic aqF havi g at | east one functional group selected from

the group consi|sting
group in the anonati
| east one fungtpyratpeoipy sel

hydr oxyl

a hydroxyl group, a carboxyl group, and a thiol

O it he group con@g}tlng of a 10

group, a car oxyI gjoup, at

by the formula (6) can be prepared, for exanple, as follows:

10

15

20

wherein P represents a phosphorus atom; R4, R5, R6, and R7 each
represent an aryl or alkyl group; A represents an anion of an
aromatic organic acid having at least one functional group
selected from the group consisting of a hydroxyl group, a
carboxyl group, and a thiol group in the aromatic ring; AH
represents an aromatic organic acid having at least one
functional group selected from the group consisting of a
hydroxyl group, a carboxyl group, and a thiol group in the
aromatic ring; x and y each represent an integer of 1 to 3;
7z represents an integer of 0 to 3; and x=y;

[0052]

The tetra-substituted phosphonium compound represented
by the formula (6} can be prepared, for example, as follows:
A tetra-substituted phosphonium halide, an aromatic organic
acid, and a base are dissolved in an organic solvent to generate
anions of the aromatic organic acid in the solution. Water
is added to the solution to precipitate a compound represented
by the formula (6). Preferably, R4, R5, R6, and R7 linked to
the phosphorus atom is phenyl groups, AH is a compound having
a hydroxyl group in the aromatic ring, i.e. a phenol compound,
and A is an anion of the phenol compound, in the compound

represented by the formula (6).

[ 0049] Exanpl es of organic phosphines

25 [0050] The tetra-substituted phosphoni um conpounds

ring; AH reg Ientj an aromatic organic acid having at
itﬂd

iZol group in the aromatic ring;
and y each reprlesent bBn integer of 1 to 3; z represents an integer of 0 to
3; and x=y; [0052] THeSBtetra*¥ubstituted phosphoni um conpound represent ed

X

15



A tetra-substituted phosphoni um halide, an aromatic organic acid, and a base
are dissolved in an organic solvent to generate anions of the aromatic
organic acid in the solution. Water is added to the solution to precipitate
a conmpound represented 20 by the fornula (6). Preferably, R4, R5, R6, and R7
linked to the phosphorus atomis phenyhsgroups, AHis a conpound having a
hydr oxyl group in the aromatic ring, i.e. a phenol conpound, and Ais an

ani on of the phenol compound, in the conpound represented by the fornula
(6). 24 [0053]] The phosphobet ai ne conpounds usable in the present invention
are represented by the formula (7): ((xl)ep 31 (7) (Y1)f 5 wherein X1

represents an atky! HoOuphbp¥itAGnk t @ompeAroN alstBle Yh r€AEESEAtSedt
hydroxyl group; and e and f represents an integer of 0 to 3; [0054] The

phosphobet ai;pe + RPN f@ resentred; byy t PRef @i A a 107(7) can be prepared
by, for exanmple, to contac between a triaryl phosphine (tertiary phosphine)
and a diazoniumand to exchange the diazonium group of the diazonium salt

for the terti jxphpgphlne ny ot her process may al so be avail able. [0055]

\(j (7)

(Y1)f

5 wherein X1 represents analkyl group having 1l to 3 carbon atoms;
Y1 represents a hydroxyl group; and e and f represents an
integer of 0 to 3;

[0054]
The phosphobetaine compound represented by the formula
10 (7) can be prepared by, for example, to contact between a
triarylphosphine (tertiary phosphine) and a diazonium ,and to
exchange the diazonium group of the diazonium salt for the
tertiary phosphine. Any other process may also be available.
[0055]
15 Adducts of a phosphine compound and a guinone compound

usable in the present invention are represented by the formula

(8):
RS o
|+ R11
RS T O (8)
R10 R13 R12
OH

wherein P represents a phosphorus atom; R8, R9, and R10



15 Adducts of a phosphi ne conmpound and a qui none conpound usable in the

present invention are represented by the formula (8) : RB RO9-1+ R11 0 (8)
R10 R13 R12 CH wherein P represents a phosphorus atom RB, R9, and R10 25

represent al kyl groups each having 1 to 12 carbon atons or aryl groups each
having 6 to 12 carbon atons and nmay be phe sanme or different; R11, R12, and

R13 represent hydrogen atonms or hydrocarbon groups each having 1 to 12

carbon atons and may 5 be the sane or different wherein Rl and R12 may be

mut ual | y repmeee rtto afldrym groygls easthr betvimey 1[ 0056] daxdnph es wis tdreapyaf er r ed

phosphi ne conpounds used for preparation of the adducts include
tri phenyl phosphi reycHhiviagakbkyloplienydgphosphtogs and may be the same
tri s(al koxyphenyl ) phosphi ne, trinaphthyl phosphi ne, and

tris(benzylk) phosehidie: ; These RRRGSRRHNGR COMPOYRES ey Hiave @&y sHbslksi toyent

such as al kyl and alkoxy groups. The al kyl and al koxy groups preferably have

11to6 Caﬁpa@o%%ﬁﬂﬁanT&t&ﬁﬁ@¥%@ﬁ@§@h¢ﬁ@héslp£8f@Qr%QIQRQQQ§@om§5ahE h%
readi ly avail abl e. Exanpl es of qui none conpounds used for preparation of

addUCt§ lgglyﬂg gaQEP%QQQhﬂgﬂgrthb@ﬂé?@%'n%ﬂ% éﬂHjR12 may be mutually
linked to form a cyclic structure.
[0056]

Examples of the preferred phosphine compounds used for
preparation of the adducts include triphenylphosphine,

10 tris{alkylphenyl)phosphine, tris(alkoxyphenyl)phosphine,
trinaphthylphosphine, and tris(benzyl)phosphine. These
phosphine compounds may have any substituent such as alkyl and
alkoxy groups. The alkyl and alkoxy groups preferably have
1 to 6 carbon atoms. Triphenylphosphine is preferred because

15 it is readily available.

Examples of guinone compounds used for preparation of
the adducts include o-benzoquinone, p-benzoquinone, and
anthraquinones. Amongthese, p-benzoquinone, exhibitinghigh
preservation stability, is preferred.

20 The adduct of the phosphine compound and the quinone
compound can be prepared by mixing an organic tertiary
phosphine and a benzogquincne in a gooed solvent. Solvents
exhibiting low dissolving power for the adduct are preferred.
Examples of such solvents include ketones, i.e., acetone and

25 methyl ethyl ketone. Any other solvent may alsc be used.

Adduct of 1,4-benzoquincone and triphenylphosphine 1is

preferred because this adduct decreases the modulus when the

t he



ant hr aqui nones. Anong t hese, p-benzoquinone, exhibiting high preservation
stability, is preferred. 20 The adduct of the phosphi ne conpound and the

gui none compound can be prepared by mxing an organic tertiary phosphine
and a benzoqui none in a good solvent. Solvents exhibiting |ow dissolving
power for the adduct are preferred. Exagples of such solvents include
ketones, i.e., acetone and 25 nethyl ethyl ketone. Any other solvent nay al so
be used. Adduct of 1, 4-benzoquinone and triphenyl phosphine is preferred
because t biisedddpoi ydeersdas e s notoh uss wheat ede 2Bn thikeda@poxy ,r 88in
conposition is heated. In this adduct, R3, R9, and Rl O are phenyl groups,
and R11l, R&2 aradh@1RL3rarehdaydilagesupat ared RA 1t,hRr1Poramd & I(Bare[0P87Fbgen The
adduct of the phosphoni um conpound and a silane conpound usable in the
present igveRki am ithds eppesented dy. the fornula (9): R15 + Z1 (9) Rl14-~-R16
Y2-S1-Y4\ R17 X ~ X3 Y3 }° wherein P represents a phosphorus atom S
represent $pgssijlicon 10 atom R14, R15, R16, and R17 represent organic
groups each having an aromatic or heterocyclic ring or aliphatic groups and

may be the samerpf JhbiRienis #Re’ BRESHHUS AN OEMBBLAYLAY a silane

compound usable in the present invention is represented by the

formula (9):

- 1+ r -
R15 Z1 ]

R14—}L—R16 Yo -—Si——Y4 ©)

/ \
L 17 _ _X?'“““rs/ \%‘_,xe_

wherein P represents a phosphorus atom; Si represents a silicon

10 atom; R14, R15, R16, and R17 represent organic groups each
having an aromatic or heterocyclic ring or aliphatic groups
and may be the same or different; X2 represents an organic group
linked with both groups Y2 and Y3; X3 represents an organic
group linked with both groups Y4 and Y5; Y2 and Y3 each represent

15 a proton donor moiety from which two protons are lost, and are
linked with the silicon atom to form a chelate structure; Y4
and Y5 each represent a proton donor moiety from which two
protons are lost, and are linked with the silicon atom to form
a chelate structure; X2 and X3 may be the same or different;

20 Y2, Y3, Y4, and Y5 are the same or different; and Z1 represents
an organic group having an aromatic ring or heterocyclic ring
or an aliphatic group.

[0058]



|l i nked with both groups Y2 and Y3; X3 represents an organic group |linked
with both groups Y4 and Y5; Y2 and Y3 each represent 15 a proton donor noiety
fromwhich two protons are lost, and are linked with the silicon atomto
forma chelate structure; Y4 and Y5 each represent a proton donor noiety
fromwhich two protons are lost, and arg linked with the silicon atomto
form a chelate structure; X2 and X3 nmay be the sane or different; 20 Y2, Y3,
Y4, and Y5 are the sane or different; and Z1 represents an organic group
havi ng an aronefxempileg arf Het4er oBY Ol i Rlrfd nganadrRam ahi phat i tognolip. ([90058]
27 Exanples of R14, R15, R16, and R7 in the fornula (9) include

unsubsti t thed uate sibBsikdu et adontd o gt dups edsdebmas i Agphemd, grapas

met hyl phenyl group, nethoxyphenyl group, hydroxyphenyl group, naphthyl
group, hydr %xéma}plhtcjwdmgr OWRt hy 138Ny 1 9650uRp ,MetdBH o 0¥ BHBN yat iy o @s oup,

n- butyl group, n-octyl group, and cycl ohexyl group. Anong these, a phenyl

group, I&:BYc' dn @l %'Pouget h(é)f:\b@}%nw%%@gg h?ﬁ@%&Wﬂler§BBu§ and

hydr oxynapht hyl “group” aré preferréed. [005 In the formula (9

or gt reus T AEeHE EH%otd}kﬁﬁp d**%f’%?% ﬁdﬁ%“@%@repﬁgés*éﬁt%%%r”éfoﬁ”

donor noi et from(X\,hC h }/{%X otornos are 08;[1 %S%re an1< d \f" rodt e
silicon agoﬁ1§6 forn1ayc%e atd uctr e. Iglmglarly,’YZfa 15" ahd - v5 e
represent a % t n dopor noi et fron1 ich.t

met eny group, ethoxyp enylgroup,hydroxyphenylgroup,

and hydroxynaphthyl group are preferred.
[0059)]

10 In the formula (9), X2 represents an organic group linked
with both Y2 and Y3, and X3 represents an organic group linked
with both Y4 and Y5. YZ and Y3 each represent a proton donor
moiety from which two protons are lost, and are linked with
the silicon atom to form a chelate structure. Similarly, Y4

15 and Y5 each represent a proton donor moiety from which two
protons are lost, and are linked with the silicon atom to form
a chelate structure. X2 and X3 may be the same or different,
and Y2, Y3, Y4, and Y5 may be the same or different. These
~Y2-X2-Y3- and -Y4-X3-Y5- groups include divalent or

20 multivalent proton donor moieties from which two protons had
been released. Examples of divalent or multivalent proton
donors include catechol, pyrogallol,
1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene,
2,2"-diphenol, 1,1’-bi-2-naphthol, salicylic acid,

26 1-hydroxy-2-naphthoic acid, 3-hydroxy-2-naphthoic acid,
chloranilic acid, tannic acid, 2-hydroxybenzyl alcohol,

1,2-cyclohexanediol, 1,2-propanedicl, and glycerol. Among



protons are lost, and are linked with the silicon atomto form a chel ate
structure. X2 and X3 may be the sane or different, and Y2, Y3, Y4, and YS
may be the sane or different. These -Y2-X2-Y3- and -Y4-X3-Y5- groups include
di val ent or 20 nultival ent proton donor noieties fromwhich two protons had
been rel eased. Exanples of divalent or pgltivalent proton donors include
catechol, pyrogallol, 1,2-dihydroxynaphthal ene, 2, 3-di hydroxynapht hal ene,
2,2 -di phenol, 1,1'-bi-2-naphthol, salicylic acid, 25 1-hydroxy-2-naphthoic
aci d, 3-hyHdeexy- 2ataptii b} c laci-d,ihwhtexanaphe hadiehe t anndc aci d,

2- hydr oxybenzyl al cohol, 1, 2-cycl ohexanediol, 1, 2-propanediol, and glycerol.
Anong 28 21 Begléh yert®eiohphihd-1dinly i exypaphthaleene, and

2, 3-di hydr oxynapht hal ene are preferred. [0060] ZI in the fornula (9)
represent $p08@oQrgani c group having 5 an aronmatic ring or heterocyclic ring
or an aliphatic group. Exanples of such a group include aliphatic

hydrocarbon gropps;n t$HER ASnda ety lr G Q4s n 85 Y, cgfcﬁ’é'Hioﬁp%PBMb Hé@!ﬂﬁﬁ but y|

group, hexyl group, and octyl group; aromatic hydrocarb roups, suc as a

h I I - , , i . X
Pheryia S 9Py BRAEX WP DORLELYL gout and mehemy 0B oune o0,

Gyl or oBReREREHyPLcr Bap, £ At R GHBLA L A B GHORYY 57 b 2 EopParer r ed
in Viem,oguc hgggPhe% %B?B&%%p, ethyl group, propyl group, butyl group,
hexyl group, and octyl group; aromatic hydrocarbon groups, such
as a phenyl group, benzyl group, naphthyl group, and biphenyl
10 group; and reactive substituents, such as a glycidyloxypropyl
group, mercaptopropyl group, aminopropyl group, and vinyl
group. Among these, amethyl group, ethyl group, phenyl group,
naphthyl group, and biphenyl group are preferred in view of
thermal stability.
15 [0061]

The adduct of the phosphonium compound and the silane
compound 1is prepared as follows: 1Into a flask containing
methanol, a silane compound such as phenyltrimethoxysilane,
a divalent or multivalent proton donor such as

20 2,3-dihydroxynaphthalene are dissolved. With stirring the
solution at room temperature, a sodium methoxide in methanol
solution is added dropwise. A methanol solution of a
tetra-substituted phosphonium halide, for example,
tetraphenylphosphonium bromide is added dropwise to

25 precipitate crystals. The crystalline precipitate 1is

separated by filtration, i1s washed with water, and is dried

under vacuum to yield an adduct of the phosphonium compound



15 [0061] The adduct of the phosphoni um conpound and the silane conpound is
prepared as follows: Into a flask containing nethanol, a silane conpound
such as phenyltrinmethoxysilane, a divalent or nultivalent proton donor such
as 20 2, 3-di hydroxynapht hal ene are di ssolved. Wth stirring the solution at
roomtenperature, a sodi um net hoxi de inogethanol solution is added dropw se.
A net hanol solution of a tetra-substituted phosphonium halide, for exanple,

t et raphenyl phosphoni um brom de is added dropwise to 25 precipitate crystals.
The crystahdife precepidmpeuhs.separabetdehyptblklersat nag, ailsowashedp bty dvat er,
and is dried. under vacuumto yield an adduct of the phosphoni um conmpound 29
and a sil ahetgenpaWknAnynotheri gr.ocess nmay al so be enployed in the present
i nvention. [0062] The anmount of the curing accelerator (D) used in the 5
present inyggbijon preferably ranges fromoO0.1 weight %to 1 weight %in the
overall epoxy resin conmposition. A curing accelerator (D) content within
this range ens i.sfa r C Ity A pi fl (ddtys ~( 3] 10
The sil ane couBT?%gggggﬁg’?%§ %g%dHFgQPﬁLE%%esen?ég?ﬁvéﬁvfgkh%%a%?sg%?th bot h
e cRoxy, Lesin and  fe L Bar a3ake. . i) ek pad eanees {hecinieriacialy

herebet ween.

strength mting ex f such siTane coupling agents
I ncl ude weight % in the overall epoxy resin composition. A curing
accelerator (D) content within this range ensures satisfactory
curabirity and high flowability.
[0063]
10 The silane coupling agent (E} used in the present

invention reacts with both the epoxy resin and the inorganic
filler and enhances the interfacial strength therebetween.
Nonlimiting examples of such silane coupling agents include
epoxysilane, aminosilane, ureidosilane, and mercaptosilane.
15 An aromatic compound (F) having at least two hydroxyl groups
combined with each of adjacent carbon atoms comprising the
aromatic ring
, which will be described below, reduces the viscosity and
improves flowability of the epoxy resin composition by the
20 synergy effect with the silane coupling agent (E). In other
words, the silane coupling agent (E) enhances the function of
the arcmatic compound (F).
Examples of the epoxysilane include
vy-glycidoxypropyltriethoxysilane,
25 vy-glycidoxypropyltrimethoxysilane,
vy-glycidoxypropylmethyldimethoxysilane, and

B- (3, d-epoxycyclohexyl)ethyltrimethoxysilane. Examples of



epoxysi |l ane, am nosil ane, ureidosilane, and nmercaptosilane. 15 An aromatic
conpound (F) having at |east two hydroxyl groups conbined with each of

adj acent carbon atons conprising the aromatic ring which will be descri bed
bel ow, reduces the viscosity and inproves flowability of the epoxy resin
conposition by the 20 synergy effect wsyh the silane coupling agent (E). In
ot her words, the silane coupling agent (E) enhances the function of the
aromatic conmpound (F). Exanples of the epoxysilane include

y- gl yci doxypr apyiintad ietdroxysntbanee 2Emwyigbyebgelypriopthdx iy setlhoxeysi | ane

y-gl yci doxypr opyl net hyl di met hoxysi | ane, and

3- (3, 4- eppxyay elophepp ) et hykt horBisioxyrse | ane. Exanpl es of 30 the ami nosil ane
i ncl ude y-am nopropyltriethoxysilane, y-am nopropyltrinethoxysilane,

N-(3- (am HOFLh)éHi'rb()'@I{HWPPLQp)ﬁhtirﬂd'ﬁ?ﬂéwYEkHﬁ@;@hoxys ilane,
N R- (am noet hyl ) - y- am nopr opyl net hyl di net hoxysi | ane, 5

N'pheny|'Nleﬂk@myﬁﬁgﬁﬁii?Lboéﬁ$ﬂéﬂ¥bpylmethyldimethoxysilane,

N- phenyl - y- am nopr opy I met hoxysi I'ane,

N (3 am ogry) _%W~%P88%g§%éltytﬂtiﬁ%%}%ﬁ¥§%?T?me

N-6- (am nohexy 3-'am nopr rimnme xystlane, and

ur oi dosi | BRBTRAGAE Ty BT BBY 3Ry (3 16X ARy e ae and hexanet hyl di i | azane.

Exanpl es SiﬂtqgﬂyggggﬁffgLengxf%gﬁ¥¥%yltriethoxysilane,
N-6-(aminohexyl)-3-aminopropyltrimethoxysilane, and
N-(3-(trimethoxysilylpropyl)-1,3-benzenedimethanane.

10 Examples of the ureidosilane include
y-ureidopropyltriethoxysilane and hexamethyldisilazane.
Examples of the mercaptosilane include
y-mercaptopropyltrimethoxysilane. These silane coupling
agents (E) may be used alone or in combination.

15 [(0064]

The content of the silane coupling agent (E) used in the
present invention is in the ranges of preferably 0.01 weight %
to 1 weight %, more preferably 0.05 weight % to 0.8 weight %,
and most preferably 0.1 weight % to 0.6 weight % in the overall

20 epoxy resin composition. A silane coupling agent (E) content
within this range ensures sufficiently low viscosity and high
flowability of the epoxy resin composition by the synergy
effect with the aromatic compound (F), and leads to high
soldering crack resistance of semiconductor devices due to high

25 interfacial strength between the epoxy resin and the inorganic
filler and due to low moisture absorption of the cured epoxy

resin composition.



y- mer capt opropyl tri net hoxysi | ane. These silane coupling agents (E) may be
used al one or in conbination. 15 [0064] The content of the silane coupling
agent (E) used in the present invention is in the ranges of preferably 0.01
weight a to 1 weight nore preferably 0.05 weight %to 0.8 weight and nost
preferably 0.1 weight %to 0.6 weight %in the overall 20 epoxy resin
conposition. A silane coupling agent (E) content wthin this range ensures
sufficiently |low viscosity and high flowability of the epoxy resin
conpositi pnoby )t he synergy effect with the aromatic conpound (F), and | eads
to high soldering crack resistance of sem conductor devices due to high 25
interfacial strengtirbebveencohgepaxy(reshavand the liergrganis hfdtbeyiand
due to | ow noi sture absorption of the cured epoxy resin conposition. 31

[ 0065] Th@r@ﬁﬁga&bﬁbﬁ%%RP%E@rﬁEhc%a8En9d§Edéﬁ¥ﬂ:4ﬂ5bﬁ¥ﬂﬂ9%§h30£6999§ng
conbi ned Wi th each adj acent carbon atoms conprising the aromatic ring

used in t@ﬁe()%?éﬁﬁttl'cnﬁ% Bgeﬁeﬁheé‘ﬁ@ﬂtﬁ@%eW'ﬁQf&ié%ﬁ@eéPé‘ﬁsg@Cgﬁéses

flomablllty € epoxy resin conposition e aronmti c conmpoun may be

2, ToNqeyCl| gooBYTRPUN TARL £9ENL .Y L e SRLIK 8¢ (18 LRl B L ReZ.RIS 1
composition. The aromatic compound (F) may be a monocyclic

compound represented by the formula (15):

[0066]

OH
R22. R18

—
—k
n
R

R21 ~R19
R20
10 wherein one of R18 and R22 represents a hydroxyl group and the
other represents a hydrogen atom, any substituent including
a hydroxyl group; and R19, R20, and R21 each represent a
hydrogen atom, any substituent including a hydroxyl group; or

may be a polycyclic compound represented by the formula (16):

15 ([0067]
R23 R24
HO R25
(18)
R29 SR26
R28 R27

wherein one of R23 and R29 represents a hydroxyl group and the
other represents a hydrogen atom, any substituent including

a hydroxyl group; and R24, R25, R26, R27, and R28 each represent



R21 ! R19 R20 10 wherein one of R18 and R22 represents a hydroxyl group and
the other represents a hydrogen atom any substituent including a hydroxyl
group; and R19, R20, and R21 each represent a hydrogen atom any substituent
i ncluding a hydroxyl group; or my be a polycyclic conpound represented by
the formula (16) 15 [0067] P23 R24 HO R25 (16) R29 R26 R28 R27 wherein one
of R23 and R29 represents a hydroxyl group and the other represents a
hydrogen atom any substituent including a hydroxyl group; and R24, R25,

R26, R27,aaﬂgd8%%e&ﬁ@'tdr@,praﬂ$ NduB2t i@ ukydr Qg1 1d Oy Aryy §ubsilt yeblup .

i ncl udi ng a hydroxyl group 0068] Exanpl es of the nonocyclic conpound
representedolpgithe fornula (15) include catechol, pyrogallol, gallic acid, 5
gal l ate esters and derivatives thereof. Exanples of the polycyclic conpound

represented by Eggﬁgqre%“'oaf (3@ ér\edr‘rl? ?811?: %o@?@%&'&@é‘&p@éﬁﬁk%ﬁ% the

2, 3- di hydr oxynapht hal ene fves th Anong t hese mpounds
h t d h f d 10
S oop G By Al P PRe el AP L, TLEGS T SO gferre

5 gallate esters, and derivatives therecof. Examples of the
polycyclic compound represented by the formula (16) include
1l,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene, and
derivatives thereof. Among these, compounds having two
vicinal hydroxyl groups on their aromatic rings are preferred

10 in view of flowability and control of curing. In view of a
mixing process, the aromatic ring is preferably a naphthalene
ring, which is lowly volatile and stable for weighing.
Examples of the aromatic compound (F) having a naphthalene ring
include 1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene

15 and derivatives thereof. These aromatic compounds (F) may be
used alone or in combination.

[0069]
The arcomatic compound (F) content in the overall epoxy
resin composition is in the range of preferably 06.01 weight %
20 to 1 weight %, more preferably 0.03 weight % to 0.8 weight %,
and most preferably 0.05 weight % to 0.5 weight %. An aromatic
compound (F) content within this range leads to sufficiently
low viscosity and high flowability of the epoxy resin
composition by the synergy effect with the silane coupling
25 agent (E). An aromatic compound (F) content within this range

also leads to satisfactory curing of the epoxy resin

composition and excellent physical properties of the cured



m xi ng process, the aromatic ring is preferably a naphthalene ring, which is
lowy volatile and stable for weighing. Exanples of the aromatic conpound
(F) having a naphthal ene ring include 1, 2-dihydroxynaphthal ene,

2, 3-di hydr oxynapht hal ene 15 and derivatives thereof. These aromatic conpounds
(F) may be wused alone or in conbinations [0069] The aromatic conpound (F)
content in the overall epoxy resin conposition is in the range of preferably
0.01 weight % 20 to 1 weight % nore preferably 0.03 weight %to 0.8 wei ght
96, and neshppraferabl y 0. 05 weight %to 0.5 weight % An aromatic conpound
(F) content within this range |leads to sufficiently |ow viscosity and high
fl owabi lityoofjthe epoxy resin conposition by the synergy effect with the
silane coupling 25 agent (E) . An aromatic conpound (F) content within this

range also | eafigct @psal) SfALt O ¥oRHbIsAS iQfn ASr eRaXY JugRiUkt £OMPOsi tion and
excel l ent physical properties of the cured 33 conposition. [0070] The epoxy

resin co it r.sen t.Qr | at i t ai, QI iy ma
Component B LA e (P iy 15t or TP onral e arg ada e 0. For Cxdmsty

nat ur xe such as .carnaub X, synthetic Xes uch .as _pal yet hyl ene
wax; nnr%uféﬁﬁfbgﬁps?lghgﬁyagggﬁg gF’fg %yeééﬂggeanBa Eﬁﬁ ga fo PHéPéof,
e.g. stearic acid and zinc stearate, and paraffins; colorhﬂgyfgents, such as

carbon bl 88k ARG ABI T ot War ; SV B $irigsg’axes, such as polye ne waxi

mold lubricants, such as higher fatty acids and metal salts
thereof, e.g. stearic acid and zinc stearate, and paraffins;
coloring agents, such as carbon black and colcothar; low-stress

10 additives, such as silicone o0ils and silicone rubbers;
inorganic ion-exchangers, such as bismuth oxide hydrate; metal
hydroxides, such as aluminium hydroxide and magnesium
hydroxide; and flame retardants, such as zinc borate, zinc
molybdate, and phosphazene, if necessary.

15 (0071]

It is preferred that the epoxy resin composition for
semiconductor encapsulation of the present invention have a
moisture absorption rate of 0.22 weight % or less when the
composition is humidified at 85°C and 85% R.H. for 168 hours.

20 A moisture absorption rate within this range can suppress
stress caused by vaporization of moisture during a soldering
step in a surface mounting process. This prevents
delamination in the semiconductor device and more specifically
at the interface between the semiconductor element, lead frame,

25 and inner lead and the cured epoxy resin composition, resulting
in high reliability in semiconductor device. Such the

Q

moisture absorption rate of 0.22 weight % or less when the



10 additives, such as silicone oils and silicone rubbers; inorganic

i on-exchangers, such as bismuth oxide hydrate; netal hydroxides, such as

al um ni um hydr oxi de and rmagnesi um hydroxi de; and flame retardants, such as
zinc borate, zinc nolybdate, and phosphazene, it necessary. 15 [0071) It is
preferred that the epoxy resin conpositi £ for sem conductor encapsul ation
of the present invention have a moi st ure absorption rate of 0.22 weight % or
| ess when the conposition is hunidified at 85C and 85% R H. for 168 hours.

20 A noi b t hi d
by vapor i SAPISI b - NI SEuF GG T 4 Lol 551y C<L8h Rhia Sart A8 ABUAT ng

process. Thlskprevents %Ianln t on |n he .CO ductor e |ce n nor e
CI ? ?nsurefi _P/' OITl lna Il an d)]?
speC|f|caI h erfac emi-coiduct or efent” r ame,

25 and inn | ead and t he curgg ep conposi tion, ul tin |n hlgh
Col i abi |1 B (TSGR ConCRICE OF mgﬁ%sﬁf@ ¢ n%?rgﬁewadarsg GEr it
0.22 weight % or |ess when the 34 conposition is humdified at 85C and 85@6
R H for f6® HUrECT eaRNBEérsuret By hbdBrPRg it w@%%%vhatlé& & (C),
formulation of the epoxy resin (A), the phenolic ¢ gfound (B) containing
t wo or5nmtélqol¢elmnq:amnﬁlcﬁ<mtgrou%>s; i hrgaka e faqurk 10 @)agsnt hek burt gy
accelerator (D) , the silane coupling agent (E) , the aromatic conpound (F)
havi ng at arasittaochygoond gfoupsviogniheldeawt hteach yofrady hcenbupar bon
atons conprising the aromatic ring, and other additives. Such conbination
and combined with each of adjacent carbon atoms comprising the
aromatic ring, and other additives. Such combination and
formulation will be described in detail in EXAMPLES. 1In
10 particular, the selection of the epoxy resin (A) and the
phenolic compound (B) containing two or more phenolic hydroxyl
groups and the proportion of the inorganic filler (C) are
important. The lower limit of the moisture absorption rate
when the composition is humidified at 85°C and 85% R.H. for

Q

15 168 hours is not limited, but is preferably 0.10 weight % or
more and more preferably 0.15 weight % or more, in view of
compatibility of flowability.

[0072]
The epoxy resin composition for semiconductor

20 encapsulation of the present invention may be prepared by
homogeneously mixing the components (A) to (F) and any other
additive at room temperature in a mixer, or may be kneading
the homogencus mixture by hot rollers, a kneader, or an extruder,
then cooling and pulverizing the mixture. The composition may

25 be prepared to have desirable dispersibility and flowability.

[0073]

Using the epoxy resin composition for semiconductor



formulation will be described in detail in EXAMPLES. In 10 particular, the
sel ection of the epoxy resin (A) and the phenolic conpound (B) containing
two or nore phenolic hydroxyl groups and the proportion of the inorganic
filler (C) are inportant. The lower limt of the noisture absorption rate
when the conposition is humdified at 83% and 85% R H. for 15 168 hours is
not limted, but is preferably 0.10 weight % or nore and nore preferably
0.15 weight %or nore, in view of conpatibility of flowability. [0072] The

epoxy FeSié‘nGQEE%%iatﬂﬂthOJ S8 conduet ar 20venreapayl gkl pR ook de i gsent
invention may be prepared by honogeneously m xing the conponents (A) to (F)

and any ot pet13ddld 1y, 8L LOOMLOTMEIATLES 14 BeThXea 8l JRY, Reckneadi ng

t he honbgenous m xtu f rollers, a kneader, an extruder,

cooling and pul verj zing t m xture. The osition may 25 be prepared to
have des rABRS AT oBEr STbiT T TyE AhdL FIBURBIFrr e P L o875] tsrrBC CHeC hoky r eci n
conposition for sem conductor 35 , encapsul ati on, a sem conduct or gevice may
be producelBy®PREY FEPREWCHRFRSIOLESR? FoF SXBAPPEBIUA 4 UafTHRY 0 CHATch a
sem conductor elenment is nounted is placed in a nold cavity. The epoxy resin
conposi ti ohSf §HPFERI«DneRIct B BRdabdil at T dnSEefrs "Upht F8d E8TPRE Sl A by

transfer nolding, conpression nolding, or injection nolding and is cured in
the nold. mpdgiae, or injection molding and is cured in the mold.

(0074]
In the present invention, a wide variety of semiconductor
devices can be encapsulated using the epoxy resin composition.
10 Examples of such semiconductor devices include integrated
circuits, large scale integrated circuits, transistors,
thyristors, diodes, and sclid-state image sensing devices.

Examples of package of the semiconductor device in the
present invention include, but not limited to, dual inline

15 packages (DIPs), plastic leaded chip carriers (PLCCs), gquad
flat packages (QFPs), small outline packages (S0OPs), small
outline J-lead packages (S80Js), thin small outline packages
(TSOPs), thin quad flat packages (TQFPs), tape carrier
packages (TCPs), ball grid arrays (BGAs), and chip size

20 packages (CSPs}).

The semiconductor device, which is encapsulated by, for
example, transfer molding, may be mounted on any electronic
apparatus without post curing or after post curing at about
80°C to about 200°C for 10 minutes to 10 hours.

25 [0075]

Fig. 1 is across-sectional view of a semiconductor device

using an epoxy resin composition according to an embodiment



in the present invention, a wide variety of sem conductor devices can be
encapsul ated using the epoxy resin conposition. 10 Exanples of such

sem conductor devices include integrated circuits, large scale integrated
circuits, transistors, thyristors, diodes, and solid-state imge sensing
devi ces. Exanples of package of the senmi.conductor device in the present

i nvention include, but not limted to, dual inline 15 packages (DI PS),
plastic | eaded chip carriers (PLCCs), quad flat packages (QFPs), small
outline paekages, (DB 1 8FRIHL i QUL i lrd &8 RaEkRIES ched@tS), iEhERygREl |
outline packages (TSOPs), thin quad flat packages (TQFPs), tape carrier
packages ([OBSky; baldq 051 diAhT av% (BES) 1o 3HnaNbR Sihae 20 RACKGESHLGSPS).
The sem conductor devi ce, Ich i's encapsul ate y, for “exanple, t Fansf er
nmol di ng, y.be mounted on_any el.ectroni appar at.us w_t ho ost. curing or
after post ChREng S Gopace RSNt T R Toroag it b 1o 16°RBaTS. 25
[ 0075] Fig. S cross-sectjonal view of a sem conductor device _using an
epoxy res%ﬁtﬁo%%ﬁgﬂiﬁﬁ%séccoF&Fh@epéC&ﬁ@ﬁﬂﬁﬁﬂﬁégﬁm?ﬂﬁ(iﬁstQRFiﬁ%géﬁFe

i nvention. A sem conductor elenent 1 is fixed on a die pad 3 with a cured
di e bohd $1tfhe &Wctf ol88SpAISOTHOThel SBnPeconductor el ement 1 and | ead
frames 5 are bonded wth gold wires 4. The sem conductor elenment 1 is
encapsul ab&8AMFLEI h a cured resin conposition 6. EXAMPLES

[0076]
The present invention will now be described in detail
by way of Examples, but should not be limited to these examples.
10 1In examples, the proportion of each component is represented
by “parts by weight.”
EXAMPLE 1
Epoxy resin 1: Represented by the formula {17) and
prepared by glycidyl-etherification of a phenol resin
15 prepared by co-condensation of phenol, formaldehyde,
and 2-methoxynaphthalene, with epichlorohydrin. Epoxy

equivalent: 251, softening point: 58°C, and m/n=1/4 in

the formula (17)): 9.05 parts by weight
QOCHLCHCH.
N/
OCH, C

CH, {Eii:/;:%j 1 CH, | (17)

20 "

[0077]
Phenol resin 1: Represented by the formula (5) (made by

Sumitomo Durez, PR-HF-3, d=0 and k=3.0 in the formula



[00761 The present invention will now be described in detail by way of
Exanpl es, but should not be limted to these exanples. 10 In exanples, the
proportion of each conponent is represented by "parts by weight." EXAMPLE 1
Epoxy resin 1: Represented by the fornula (17) and prepared by
glycidyl-etherification of a phenol resi; 15 prepared by co-condensation of
phenol , formal dehyde, and 2-net hoxynapht hal ene, w th epichl orohydrin. Epoxy
equi val ent: 251, softening point: 58C, and mn=1/4 in the fornmula (17)):

9.05 parts by wejght {OGHRCHCHZ oQGH3 0 5062 GHA G I7)g e fp 28ul 997EhLRhenol
resin 1: Represented by the fornmula (5) (made by umtono Durez, PR-HF-3,

d=0 and k=3.0 i mdhe.forml .34 s (5), w89Fheni ng point: 80C, hydroxyl group
equivalent: 104): 3.75 parts by wel ght Fused spherical silica (average

?ir?gﬁteﬁ;i pﬁgsgm%%zgg%%hegg%%élB%iY"?V\Eiggtr(]?§e9é@iengi%%%eéeef atQf uhy : 86.00
parts by weight
5 Curing accelerator 1: triphenylphosphine: 0.20 parts by
welght
Silane coupling agent 1:
v-glycidoxypropyltrimethoxysilane:0.30 parts by weight
2,3-Dihydroxynaphthale: 0.20 parts by weight
10 Carnauba wax: 0.20 parts by weight
Carbon black: 0.30 parts by weight
These compounds were mixed in a mixer at normal
temperature, and were kneaded through hot rollers at 80 to 100°C.
After being cooled, the mixture was pulverized to prepare an
15 epoxy resin composition. The resulting epoxy resin
composition was evaluated according to the following items.
Table 1 shows the results.
(00781
* Spiral flow: Using a low-pressure transfer molding
200 machine (Kohtaki Precision Machine Co., Ltd., KTS-15), an epoxy
resin composition was injected into amold for measuring spiral
flow according to EMMI-1-66 under conditions of a temperature
of 175°C, an injection pressure of 6.9 MPa, ana a pressure
application time 0of 120 seconds tomeasure the flow length (cm).
25 The spiral flow is an indicator of flowability and a larger
value represents higher flowability.

[0079]



Silane coupling agent 1: y-glycidoxypropyltrimethoxysilane: 0. 30 parts by
wei ght 2, 3- D hydr oxynapht hal e: 0.20 parts by wei ght 10 Carnauba wax: 0.20
parts by weight Carbon black: 0.30 parts by wei ght These conpounds were
mxed in a mxer at norrmal tenperature, and were kneaded through hot rollers
at 80 to 100C. After being cooled, the gipxture was pulverized to prepare an
15 epoxy resin conposition. The resulting epoxy resin conposition was

eval uated according to the following itens. Table 1 shows the results.

(0078] .Spiral flow; s@x@a%s@%@f%%@t‘:‘e 1 pansies 1Ml -di s s 20 MBe B8e v
(Kohtak| Preci sion Machine Co., Ltd., KTS-15), an epoxy resin conposition

was lnleCtﬁ@lB@h%lﬂagﬁhﬁef@KoH%@%HrPPQcieh%@JMaE%QWkﬁ@@OfleS tckfﬁm@o} 66
under conditions of a tenperature of 175C, an i njection pressure of 6.9 Mra,

and & pr essh £0030PLIeat kb5, 01 120, seqqniscf saneasite ddiy 1 ounlen th

(cm 25 The s 10w i s~ an i ndi cat or of y and ar ger

represents h| her fl owabi | 0079] .38 WMbisture absorptio te ga
oo pr cssut o SFEREFER RO Y nhchﬁﬁel%mtalk?n BRSSO Mbohi hoiEs. o 5

KTS- 30) an epoxy resin c ition S injected under conpditi ns,b% a
enpor B ure GFCLFSC i | B oLt oﬁeﬁﬁé{@%rfeo of SFT4 ABES Akl 8C5 AR (7 e of

120 seconds to forma test piece haV|ng
diameter of 50 mm and a thickness of 3 mm. The test piece was

humidified at 85°C and 85% R.H. (relative humidity) for 168
hours. The moisture absorption rate (weight %) was determined
from an increase in weight by humidification.

10 [0080)

*Flame resistance: Using a low-pressure transfer molding
machine (Kohtaki Precision Machine Co., Ltd., KTS-30), an epoxy
resin composition was injected into a mold under conditions
of a temperature of 175°C, an injection pressure of 9.8 MPa,

15 an injection time of 15 seconds, and a curing time of 120 seconds
to form a test piece of 127 mm by 12.7 mm by 3.2 mm thick. This
test piliece was subjected to flame resistance test according
to a standard of ULY94 vertical combustion test. Fmax, IF, and
rank of flame resistance are shown in Tables 1 to 3.

20 [0081]

* Soldering resistance: Using a low-pressure transfer
molding machine GP-ELF (Kchtaki Precision Machine Co. Ltd.),
silicon chips (7 mm by 7 mm by C.35 mm thick) were encapsulated
with an epoxy resin composition under conditions of a

25 temperature of 180°C, an injection pressure of 7.4 MPa, and
acuring time of 120 seconds to form an 80-pin quad flat package

(B0pQFP;lead frame is cupper , package size is 1l4mm by 20 mm



di aneter of 50 mm and a thickness of 3 mm The test piece was hum dified at
85C and 85% R H (relative humdity) for 168 hours. The noi sture absorption
rate (weight % was determned froman increase in weight by hum dification.
10 [0080] .Flane resistance: Usinga | ow pressuretransfernolding nachine
(Koht aki Precision Machine Co., Ltd., KK 30) , an epoxy resin conposition
was injected into a nold under conditions of a tenperature of 175C, an
injection pressure of 9.8 MPa, 15 an injection tine of 15 seconds, and a

curing time of ob2@msesqnrds the Lorip aniepbrpiiete pefdsl2F mmcby Ld.«7 ppahy 3. 2
mmthick. This test piece was subjected to flanme resistance test according

to a standard kﬁa‘n&&@%yeﬁtg%b GarUst O tesd s af8BXr &F, 2a8n¢hiy)r ankg rafe £ | ame

resi stance are shown in Tables 1 to 3. 20 [0081] . Sol dering resistance: USI ng

Co. Lra ) K BB e T T by oo (oA, Braphelon el ne

W th an epoxy ompositi.on und ondltlon of a 25 te r.at ure, of 180C,

an i nj ectlg 8pljlrgS Cg g@ 7h4h|VPa/EJJ ﬁd&? h%'ﬂlﬂsng fems d?eﬁ%OgEgéSﬁgseqo % orm
80- pi d flat K d_f k

Tanm b 26 a8 e 100 TR o SPHG: P BEancl-BBAA G -padS Sof 8 e FEL t

board are honded with gold wres with a dianeter of 25 pm . After six
packages Werléhbst EuPBJZAL ‘.ﬁé@kfsoPf4t%%u?%e%ﬁﬁdh®?ﬁ:HPﬂleédweéte 85E St 0%

R H for 168 hours, these were subjected to
with a scannlng acoustic tomography to count the number

« »

(represented by “n”/6 in Tables 1 to 3) of defective packages.

[0082]
10 EXAMPLES 2 to 18 and COMPARATIVE EXAMPLES 1 to 5

Epoxy resin compositions were produced as in EXAMPLE 1
according to formulations shown 1n Tables 1 ,2 and 3, and
evaluated as in EXAMPLE 1. The results are shown in Tables
1 ,2 and 3.

15 Components newly used in these examples are as follows:

Epoxy resin 2: Represented by the formula (17) and
prepared by glycidyl-etherification of a phenol resin prepared
by co-condensation of phenol, formaldehyde, and
2-methoxynaphthalene, with epichlorohydrin. Epoxy

20 equivalent: 220, softening point: 52°C, and m/n=1/9 in the
formula (17)

Epoxy resin 3: Represented by the formula (17) and
prepared by glycidyl-etherification of a phenol resin prepared
by co-condensation of phenol, formaldehyde, and

25 Z2-methoxynaphthalene with epichlorohydrin. Epoxy
equivalent: 270, softening point: 63°C, and m/n=3/7 in the

formula (17)



5 an IR reflow treatnent (260C, JEDEC, Level 2). The internal delam nation
and cracks of the treated packages were observed wth a scanning acoustic

t onmography to count the nunber (represented by "n"/6 in Tables 1 to 3) of
defective packages. [0082] 10 EXAMPLES 2 to 18 and COVPARATI VE EXAMPLES 1 to
S Epoxy resin conpositions were producgg as in EXAMPLE 1 according to
formul ati ons shown in Tables 1 ,2 and 3,“and evaluated as in EXAVPLE 1. The

results are shown in Tables 1 ,2 and 3. 15 Conponents newly used in these
exanples are as foll ows: Epoxy resin 2: Represented by the fornula (17) and
prepared by glycidyl-etherification of a phenol resin prep H
co- condensati on of phenol, formal dehyde, and 2-nethoxynap thalé@ mnth

and m n=1/9

epi chl or ohydri n. Epoxy 20 equi val ent OQ&Q3 sof t eni ng poi nt:; 52C,
inthe formula (f7) Epoxy resin 3:..[Represénted By the forn
prepared by gl ycidyl - etherlf'c.f' ﬂ a phenol i :

co- condensati on ;

epi chl or ohydrin. [Epoxy ' :
the fornula (17) (40 OCH2CHCH2 0 CH2 CH2

[0083]
Epoxy resin 4: Represented by the formula (18) and
prepared by glycidyl-etherification of a phenol resin prepared
5 by co-condensation of phenol, formaldehyde, and methyl phenyl
sulfide, with epichlorohydrin. Epoxy equivalent: 196,

softening point: 54°C, and m/n=1/4 in the formula (18)

OCHLCHCH,
2 \/ 2

SCH
(18)
. Y]
(_:Hg L J (_.-H.a- O
m
[0084]
10 Epoxy resin 5: Phenol type aralkyl epoxy resin having

a phenylene skeleton (prepared by co-condensation of phenol
aralkyl resin having a phenylene skeleton with epichlorohydrin.
Epoxy equivalent: 238, softening point: 60°C)

Epoxy resin 6: O-cresol novolak epoxy resin N660 (made

15 by Dainippon Ink and Chemicals, Incorporated. Epoxy

equivalent: 196, softening point: 62°C)

Epoxy resin 7: Triphenolmethane-type epoxy resin
E-1032H60 (made by Japan Epoxy Resins Co. Ltd. Epoxy

equivalent: 169, softening point: 58°C)



imn [0083] Epoxy resin 4. Represented by the formula (18) and prepared by
glycidyl -etherification of a phenol resin prepared 5 by co-condensation of
phenol , formal dehyde, and net hyl phenyl sulfide, w th epichlorohydrin. Epoxy
equi val ent: 196, softening point: 54C, and mn=1/4 in the formula (18)
OCH.,CHCH., SCH3 (1 8 CH2 CHL m [00%&] 10 Epoxy resin 5: Phenol type

aral kyl epoxy resin having a phenyl ene 'Skel eton (prepared by co-condensati on
of phenol aralkyl resin having a phenyl ene skeleton with epichlorohydrin.
Epoxy equi val enpp o238, reafiten NgpRehBl: 800k FPox¥skasikn.B:410-56%aky novol ak
epoxy resin N660 (made 15 by Dai ni ppon I nk and Chem cal s, |ncorporated.
Epoxy —eqjual.ante 196, 1 sPbL kg POy 820 CERINLL£SI N e
Triphenolﬁggﬂaﬁg%Fipe ep%gy rgg?%e Eyloﬁzgéo EﬁagéiﬁifﬁépaﬁcEpoﬁ%dﬁggﬁﬁs Co.
Ltd. Epoxy_ equival ent: 169, fteni oint: 58C) 41 ,Phenol resin 2: Phenol
ar al kyl ré§P#%wﬁﬂ9&Y%59ng &%%HeﬁV?gﬁ%HéEglé¥Hﬁl ha%% Mtsui Chenicals,
Ine. Hydroxyl  groupequiyal ent iy 105, SOt AN N9 BOLOL: $3%no1 resin

) MEH7500 (made by MEIWA PLASTIC INDUSTRIES, LTD. Hydroxyl
group equivalent: 97, softening point: 110°C)
Curing accelerator 2:

1,8-Diazabicyclo(5,4,0)undecene-7

[0085]
10 Curing accelerator 3: Represented by the formula (19):
+ —
[Ph4P]2 0 CH, - OH HO CH, ~OH| (19)
1 'I
[008¢6]

Curing accelerator 4: Represented by the formula (20):

0
+
Ph.F
(20)

OH

15 [0087]
Silane coupling agent 2:
y-mercaptopropyltrimethoxysilane
1,2-Dihydroxynaphthalene
Catechol
20 Pyrogallol

(0088]



Phenol resin 3: Triphenol net hane-type phenol resin 5 MEH7500 (made by MEIWA
PLASTI C | NDUSTRI ES, LTD. Hydroxyl group equivalent: 97, softening point:
110C) Curing accelerator 2: 1, 8-Di azabicyclo(5,4, 0)undecene-7 [0085] 10
Curing accelerator 3: Represented by the formula (19): I Ph P ] OH(19) 1 'l
4 + 2 [0086] Curing accelerator 4: Reprgfented by the formula (20): O Phi P
(20) OH 15 [0087] Silane coupling agen . y-nercaptopropyl trinmethoxysil ane
1, 2- D hydr oxynapht hal ene Catechol 20 Pyrogallol [0088] 42 [Table 1)
EXAMPLES 4,213 435 6 7 8 9 Epoxy resin 1 9.05 4.50 8.50 9.05 9.05 9.05

EXAMPLES

1 2 3 4 5 6 7 8 9
Epoxy resin 1 9.05 450 1850 905|905 {905
Epoxy resin 2 8.65
Epoxy resin 3 9.25
Epoxy resin 4 8.35
Epoxy resin 5 4.50
Phenol resin 1 3.75 1415 355445380215 {3.75|375 | 3.75
Phenol resin 2 2.15
Fused spherical silica 86.0 | 86.0 86.0 |86.0 {86.0 | 86.0 | 86.0 :86.0 |86.0
Curing accelerator 1 0.2 ]0.2 0.2 0.2 0.2 0.2
Curing accelerator 2 0.2
Curing accelerator 3 0.2
Curing accelerator 4 0.2

Silane coupling agent 1 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Silane coupling agent 2

2,3-Dihydroxynaphthalene | 0.2 |0.2 10.2 0.2 0.2 0.2 0.2 10.2 0.2

Carnauba wax 02 |02 lo2 |o2 J02 |02 |02 |02 |02

Carbon black 03 (03 o3 (03 |03 |03 |03 |03 |03

Spiral flow (cm) 138 | 151 | 125 | 130 {130 | 130 | 133 | 148 | 135
Moisture absorption rate| 5 918 | 0.19 | 0.17 {0.19 |0.17 | 0.17 |0.18 | 0.18 | 0.18
(weight %)

Flame resistance Fmax 5 6 4 5 5 4 5 5 5

UL94 vertical F 40 | 49 | 30 | 44 | 45 | 35 | 41 | 42 | 41

(3.2 mm thick) Rank | V-0 | V-0 | V-0 | V-O | V-O | V-O | V-0 | V-0 | V-0

Soldering resistance (n/6) | 0/6 | 0/6 | O/6 | 0/6 | O/6 | 0/6 | G/6 | O/6 | 0O/6




Epoxy resin 2 8.

65 Epoxy resin 3 9.25 Epoxy resin 4 8.35 Epoxy resin 5 4.50

Phenol resin 1 3.75 4.15 3.55 4.45 3.80 2.15 3.7575 3. 5 Phenol resin 2 2.15

Fused spheri cal

accel erator 1 O.
accel erator 3 0.

0.3 0.30.30.3
0.2 0.20.20.2
0.2 0.2 CapBed
138 151 125 130

silica 86.0 86.0 86.0 86.0 86.0 86.0 86.0 86.0 86.0 Curing
2 0.20.20.20.20.2 Curing accelerator 2 0.2 Curing

2 Curing accelerator 4 @32 Silane coupling agent 1 0.3 0.3
0.3 0.3 0.3 Silane coupling agent 2 2, 3-Di hydr oxynapht hal ene
0.2 0.20.20.20.2 Carnauba wax 0.2 0.2 0.2 0.2 0.2 0.2 0.2

black 0.3 0.3 0.3 0.30.30.30.30.30.3 Spiral flow (cm
130 130 133 148 135 Mbisture absorption rate 0.18 0.19 0.17

0.19 0.17[{0ab7e0.2]8 0.18 0.18 (weight % Flanme resistance Fnax 5 6 4 55 4 5

55 UL94 verticalF 40 49 30 44-45-35 41 42 41 (3.2 pmthi-ck) Rank V-0 V-0

V-0 V-0 V-0 V-0

0/6 016 p/6 0/6 43 [0089]| [{tabl e12] | EXAVPLES | 14 | 15 | 16 | 17 | 18

V-0 V-0 V-I0 Sol dering FESISt%ﬁQMP@EEBL7016 0/6 0/6 0/6 0/6

Epoxy resin 1 9.05 1905905919 | 9051925870 [10.50]| 6.20
Phenol resin 1 3.75 |1 3.75 | 3.7513.80 | 3.75 | 3.84 | 3.60 | 4.30 | 2.60
Fused spherical silica 86.0 | 86.0 | 86.0 | 86.0 | 86.0 | 86.0 | 86.0 | 84.0 | 90.0

]
Curing accelerator 1 062 0202|0202 02])02]02]|02

-

Silane coupling agent 1 0.3 0.3 0.3 0.3 0.01) 0.8 0.3 0.3
Silane coupling agent 2 0.3
2,3-Dihydroxynaphthalene 001} 0.2 | 0.2 0.2 0.2 0.2

1,2-Dihydroxynaphthalene | 0.2

Catechol 0.2

Pyrogallol 0.2

Carnauba wax 0.2 0.2 | 0.2 0.2 02 | 0.2 | 0.2 | 0.2 0.2
Carbon black 03 {03 ]03 0303 |03]031}03]03
Spiral flow (cm) 140 | 140 | 148 | 120 | 142 | 120 | 145 | 160 | 100
Moisture absorption rate| o 1g | 0.18 | 0.18 | 0.16 | 0.18 | 0.18 | 0.19 | 0.21 | 0.16
(weight %)

Flame resistance  |Fmax 5 5 5 6 5 5 5 6 4
UL94 vertical LF 40 40 40 49 40 40 40 45 25

(3.2 mm thick) Rank | V-0 | V-0 | V-0 | V-0 | V-0 | V-O | V-0 | V-0 | V-0

Soldering resistance (n/6) | 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6




10 11 12 13 14 15 16 17 18 Epoxy resin 1 9.05 9.05 9.05 9.19 9.05 9.25 8.70
10.50 6.20 Phenol resin 1 3.75 3.75 3.75 3.80 3.75 3.84 3.60 4.30 2.60

Fused spherical silica 86.0 86.0 86.0 86.0 86.0 86.0 86.0 84.0 90.0 Curing
accelerator 1 0.2 0.2 0.2 0.2 0.20.20.20.20.2 Silane coupling agent 1
0.30.30.30.30.010.80.30.3 Silangqcoupling agent 2 0.3

r 2, 3- Di hydroxynapht hal ene 0.01 0.2 0.2 0.2 0.2 0.2 1, 2-D hydroxynapht hal ene
j 0.2 Catechol 0.2 Pyrogallol 0.2 Carnauba wax 0.2 0.2 0.2 0.2 0.2 0.2 0.2
0.2 0.2 Caplen black 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.30.3 Spiral flow (cm
140 140 148 120 142 120 145 160 100 Moisture absorption rate 0.18 0.18 0. 18
0.16 0.18(9,38 0.519 0.21 0.16 (weight % Flanme resistance Fmax 5 556 55 5
6 4 UL94 vertical fF_40 40 40 _49 40 40_40 45 25 (3.2 mmthick) Rank V-0 V-0

016 0/6 P6 0/6 44 [0090] [Tabl o 4] GOvPARATI VOHSAMEERNGES,' 5 “Eoey”

resin 1 14.71 0.40 9.23 9.22 Epoxy re%in 6 8.$9 3 4 5
Epoxy resin 1 14.71 0.40 9.23 9.22
Epoxy resin 6 8.40
Epoxy resin 7 7.57
Phenol resin 1 4.40 6.09 4.83 0.18
Phenol resin 3 3.57 3.40
Fused spherical silica 86.0 78.0 86.0 86.0 86.0
Curing accelerator 1 0.2 0.2 0.2 0.2 - 0.2
Silane coupling agent 1 0.3 0.3 0.3 0.3 0.3 B
2,3-Dihydroxynaphthalene 0.2 0.2 0.2 0.2 0.2
Carnauba wax.... 0.2 0.2 0.2 0.2 0.2
Carbon black 0.3 0.3 0.3 0.3 0.3
Spiral flow (cm) 114 220 100 110 127
Moisture absorption rate (weight %) 024 0.30 0.25 0.27 0.25
Flame resistance Fmax 30 10 30 30 30
UL94 vertical 2F 150 60 150 150 150
(3.2 mm thick) Rank Burnout V-1 Burnout | Burnout | Burnout
Soldering resistance (n/6) 3/6 5/6 4/6 4/6 3/6
[0091]

The epoxy resin (al) used in EXAMPLES 1 to 18 is
5 represented by the formula (l1). This epoxy resin is
inexpensive and can readily be processed. 1In these examples,

the type and proportion of the epoxy resin (al), the type and



Epoxy resin 7 7.57 Phenol resin 1 4.40 6.09 4.63 0.18 Phenol resin 3 3.57
3.40 Fused spherical silica 86.0 78.0 86.0 86.0 86.0 Curing accelerator 1
0.2 0.20.20.20.2 Silane coupling agent 1 0.3 0.3 0.3 0.3 0.3

2, 3- Di hydroxynaphthalene 0.2 0.2 0.2 0.2 0.2 Car-nauba-wax0.2 0.2 0.2- 0.2
0-2 Carbon black 0.3 0.3 0.3 0.3 0.3 giral flow (cm 114 220 100 110 127
Moi sture absorption rate (weight % 0.2470.30 0.25 0.27 0.25 Flane

resi stance Fmax 30 10 30 30 30 UL94 vertical EF 150 60 150 150 150 (3.2 mm

thi ck) RapkoBUE-RQWL \64 Bﬁéngwen%qurt%orﬁiybaaat (B30ligleri g resi shancerd nl6)
3/6 5/6 4/6 4/6 3/6 [0091] The epoxy resin (al) used in MPLES 1 to 18 is

5 represeﬁﬁ@ﬁ!ohzxctgﬁ/épwyhag%hp h'tsh@pﬁwpb%%'l%d Sof'@ﬁép%%'r\@ea can

readily be process hese exampl es, " the type and proportion of the

o ng b TbiBE) (61 DR ARSI S h ProRethhOa D! he eUBPE o or CRRGCVRG gar

havi ng two or nDre phenol grou or gani c
filler t he t e of bp& curlq_ acceler tor

proportlo% gfpfﬂgo 09 Kd @GEn LS ln%n %HE gge %Rgn8ﬁ5r558Ftlon

of the aromatic co ound %F haV|n at least two hydroxyl rou s conblned
with dachaBf BAPEC rﬁl%%r bnt B?oﬁ§ matic compound fravi least

two hydroxyl groups combined with each of adjacent carbon atoms
comprising the aromatic ring are varied. The moisture
absorption rate of each cured resin composition after
humidified at 85°C and 85% R.H. for 168 hours is 0.22 weight %
10 or less, resulting in high flowability (spiral flow), high
flame resistance, and high soldering resistance.
[0092]
In contrast, COMPARATIVE EXAMPLE 1 prepared as in EXAMPLE
1 except that o-cresol novolak epoxy resin is used in place
15 of the epoxy resin (al) represented by the formula (1) shows
a higher moisture absorption rate, resulting in low flame
resistance and low soldering resistance. COMPARATIVE EXAMPLE
2 containing the epoxy resin (al) represented by the formula
(1) and the inorganic filler in an amount less than 80 weight %,
20 COMPARATIVE EXAMPLE 3 containing the triphenolmethane-type
epoxy resin in addition to the epoxy resin (al), and COMPARATIVE
EXAMPLES 4 and 5 containing triphenolmethane-type phenol
resins as curing agent exhibit high moisture absorption rates
and thus poor soldering resistance after humidification.
25 COMPARATIVE EXAMPLES 3 to 5 exhibit poor flame resistance, and
COMPARATIVE EXAMPLES 3 and 4 exhibit low flowability.

These results show that EXAMPLES 1 to 18 exhibit high



conprising the aromatic ring are varied. The noisture absorption rate of
each cured resin conposition after humdified at 85C and 85% R H. for 168
hours is 0.22 weight % 10 or less, resulting in high flowability (spiral
flow), high flame resistance, and high soldering resistance. [0092] In
contrast, COVPARATIVE EXAMPLE 1 preparedas in EXAMPLE | except that
o-cresol novol ak epoxy resin is used in place 15 of the epoxy resin (al)
represented by the fornmula (1) shows a hi gher npisture absorption rate,

resul ti ngriBpleow fd Bt ahesl stange ARghl OwsAdelhhg resiisitancee CONVPARATI VE
EXAMPLE 2 containing the epoxy resin (al) represented by the formula (1)

and the i nanoani< didlen | 0cABLRTRUAN o} eps i 80 ebaht) 9fe 20c COMBARATI VE

EXAMPLE 3 containing the triphenol net hane-type epoxy resin in ad on to

t he epoxy si_n ( . d g§&$ | VI S 4. and 5 inin
triphenolﬁé?hggbfﬁy%%m%ﬁgngl fﬁgﬁ%é ggggééﬁggﬁéég%tpgyhp ?%Hﬁig é&ﬁ%fure
absorption rates and thus poor soldering resistance after humdification. 25
COMPARATI VE EXAMPLES 3 to 5 exhibit poor flame resistance, and COVPARATI VE
EXAMPLES 3 and 4 exhibit low flowability. These results show that EXAMPLES 1
to 18 exhibit high 46 flane resistance and high sol dering resistance after
hum di fication without use of a brom ne-based flane retardant and an

anti nony conmpound, regardless of |ow material cost. 47 CLAI M5



[1] A resin conposition for sem conductor encapsul ation, conprising: 5 (A
an epoxy resin; (B) a phenolic conpound containing two or nore phenolic

hydr oxyl groups; (C) an inorganic filler; and (D) a curing accelerator; 10
wherein the epoxy resin (A) conprises an epoxy resin (al) represented by the
formula (1), and the resin conposition has a noisture absorption rate of
0.22 weight or |less when the conposition is humdified at 85C and 85% R H.
for 168 hours: OCH2CHCH, 11 W RU CH - AAr CH2 (R)dIm(RO 9 'r 15
wherein Ar represents an aryl group havpngsé to 20 carbon atons; Rl 's each
represent a hydrocarbon group having 1 to 6 carbon atonms and nay be the sane
or different; R2 represents a hydrocarbon group having 1 to 4 carbon atons;
WL represents 20 an oxygen or sulfur atom RO s each represent a hydrocar bon
group havipg | 1;§0r@sa«ﬁf hoSBLOHE i BRC FBY RedilG Sage0F MddeLenttipals an

i nteger o to IS an 1nteger o 3; and mand n represent nolar
ratios an((:tlore1 t]_,|l 1¥1g0:<m<| 48 0<n«<l, m+n 1, and the ratio mln = 1/10 to 1/1.

5 (A) an epoxXy resin;
(B) a phenolic compound containing two or more phenolic
hydroxyl groups;
({C) an inorganic filler; and
(D) a curing accelerator;
10 wherein the epoxy resin (A) comprises an epoxy resin (al)
represented by the formula (1), and the resin composition has
a moisture absorption rate of 0.22 weight % or less when the

composition is humidified at 85°C and 85% R.H. for 168 hours:

OCH,CHCH,
W1RZ O
\ ] o
CH, — Ar l CH, ~|~7(_}
Ry, (RO},

15
wherein Ar represents an aryl group having 6 to 20 carbon atoms;
R1's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; RZ2 represents a
hydrocarbon group having 1 to 4 carbon atoms; Wl represents

20 an oxygen or sulfur atom; RO's each represent a hydrocarbon
group having 1 to 6 carbon atoms and may be the same or
different; a is an integer of 0 to 10; g 1s an integer of O

to 3; and m and n represent molar ratics and satisfy 0<m<1,



(2] The resin conposition as set forth in claim1, wherein the epoxy resin
(al) is a glycidyl-etherification product of 5 a phenol resin with

epi chi orohydrin, the phenol resin being a co-condensation product of a
phenol, an al dehyde, and a conpound (G represented by the formula (2): (R1)
Ar- W1 P.2 (2) a wherein Ar representggan aryl group having 6 to 20 carbon
atons; 10 Rl1's each represent a hydrocarbon group having 1 to 6 carbon

atons and may be the sane or different; R2 represents a hydrocarbon group
havi ng 1 ten4lcamban=8f oard Whea eprtesenngn an loXygero or /sul fur atom and a is
an integer of 0 to 10. 15 [3] The resin conposition as set forth in claiml
or 2, wherein the epoxy resin (al) is represented by the fornula (3)
OCH2CHCH2 WL R2 0 r (3) CH2 CH2 0 (R1)b (RO g wherein Rl's each represent a
hydrocarb@B%EVOUMHh?%éﬁhﬂ-é@m 8916 i¢af hensatopsrandipay1hent he §RER QM

di fferent represents a hyd?ocarbon group having 1 to 4 carbon atoms; W

r epr esent a S fur t a rSRr b 49
group hav?ﬂs %pgéxg%%h onH%%onﬁgéﬁglﬁgglgegt%ghs§ﬁ€§§$QE18 %?gﬁﬁ%&bgﬁé an

I ntegey of ghe%os.t nKrlaa&‘b'cHt gg%rﬂf roor%er%n and M ANd, I " ERLeReAL Y &

rati os an ati st <

a co-condensation product of a phenol, an aldehyde, and a

compound (G) represented by the formula (2):

(R1 )q — Ar— W1RZ2 (2)

wherein Ar represents an aryl group having ¢ to 20 carbon atoms;
10 R1l's each represent a hydrocarbon group having 1 to 6 carbon
atoms and may be the same or different; RZ2 represents a
hydrocarbon group having 1 to 4 carbon atoms; Wl represents

an oxygen or sulfur atom; and a 1s an integer of 0 to 10.

15 (31 The resin composition as set forth in claim 1 or 2,

wherein the epoxy resin (al) 1s represented by the formula (3):

OCH,GHCH,
W1RZ 0
4 [ (@
on, —GES] or, 0O
j;’fxx“f Jm L " p
{RT}b (ROY

wherein R1's each represent a hydrocarbon group having 1 to
20 6 carbon atoms and may be the same or different; R2 represents
a hydrocarbon group having 1 to 4 carbon atoms; Wl represents

an oxygen or sulfur atom; RO's each represent a hydrocarbon



mtn=1, and the ratio mn = 1/10 to 1/1. 5 [4] The resin conposition as set
forth in claim3, wherein the epoxy resin is represented by the fornula (4):
OCH2CHCH2 kr 0 OCH =HCH() (RL n)t (RO9 10 wherein Rl's each represent
a hydrocarbon group having 1 to 6 carbon atons and may be the sane or
different; RO s each represent a hydroggrbon group having 1 to 6 carbon
atons and nmay be the sane or different; b is an integer of 0 to 5; gis an
integer of 0 to 3; and mand n represent nolar ratios and 15 satisfy 0<nxl,
O<n<l, mtgsdupamdtiheyratio B RaxbldrilOatond/ dnd [(Gly The trei Bage@mROsSi tion as
set forth in any of clainms 1 to 4, wherein the phenolic conpound (B) is

representgdrly rlha ; iormila (Rceddr FeQ H-6; GG H 48) int B3r¢HE r(B3}d 2 K
(R3)d 20 50 wherein R3's each represent a hydrocarbon group having 1 to 4

carbon at us, and, HRYy Re-d hecsane Qh1different afdi Sa_NsEP@GREL, 0<n<1,

m+n=1, and the ratio m/n = 1/10 to 1/1.

(4] The resin composition as set forth in claim 3, wherein

the epoxy resin is represented by the formula (4):

OCH,GHCH,
! -
Q
_,—"_.- ',4
) ! d 7 N
(RO,

10 wherein R1l's each represent a hydrocarbon group having 1 to
6 carbon atoms and may be the same or different; RO's each
represent a hydrocarbon group having 1 to €& carbon atoms and
may be the same or different; b is an integer of 0 to 5; g is
an integer of 0 to 3; and m and n represent molar ratios and

15 satisfy 0<m<1l, 0<n<1l, m+n=1, and the ratio m/n = 1/10 to 1/1.

[5] The resin composition as set forth in any of claims 1
to 4, wherein the phenolic compound (B) is represented by the

formula (5):

OH OH

H&c
N,

(FES)d

(5)

20



of 0 to 2; and the average of k is in the range of O to 8. 5 [6] The resin
conposition as set forth in any of clains 1 to 5, wherein the curing
accelerator (D) is at |east one conpound selected fromthe group consisting
of a conmpound represented by the fornmula (6) , a conpound represented by the
formula (7), a conpound represented by the formula (8), and 10 a conpound
represented by the fornula (9): R4 + P6R7 [Alyr [AH z (6) R6 X wherein P
represents a phosphorus atom R4, R5, R6, and R7 each represent an aryl or

al kyl growperAime¥Esed SclRNrapires eoft an hwd a8k irdodr ganip aci di hgvingeat

| east one functional group 15 selected fromthe group consisting of a

hydroxyl groiphod at@hbRd r@0BR, t BBt @&né b ®ld i P h A ; tdhe sahanBh t 6geirng; AH
represents an aromatic organic acid having at |east one functional group

sel ected from the Lroup, CORsi SLING P &¢ layqrsmm tg{&upanaecarfb@xwo g§ oup,
and a thiol group in the 20 aromatic ring; x and y each répresent an I nteger
of 1 to 3; z represents an integer of 0 to 3; and x=y; 51 (x1)e P+ 3 (7)

(YL )t wherein Xl represents an al kyl group having 1 to 3 carbon atons; Y1
repreﬁfnt?6? hydﬁggyéegggugbm%g%f%fgﬁigsrggge%en an, any of claims 1

to 5, wherein the curing accelerator (D) is at least one
compound selected from the group consisting of a compound
represented by the formula (6), a compound represented by the
formula (7), a compound represented by the formula (8), and

10 a compound represented by the formula (9):

B R4 T+
| _

RS —p—R7 [A] [AH} B)
| y

- Re

wherein P represents a phosphorus atom; R4, R5, R&, and R7 each
represent an aryl or alkyl group; A represents an anion of an
aromatic organic acid having at least one functional group
15 selected from the group consisting of a hydroxyl group, a
carboxyl group, and a thiol group in the aromatic ring; AH
represents an aromatic organic acid having at least one
functional group selected from the group consisting of a
hydroxyl group, a carboxyl group, and a thiocl group in the
20 aromatic ring; x and y each represent an integer of 1 to 3;

z represents an integer of 0 to 3; and x=y;



integer of 0 to 3; R8 | RI1 R9-P+ C(8) R12 R o R13 5 OH wherein P
represents a phosphorus atom R8, R9, and R1LC represent al kyl groups each

having 1 to 12 carbon atonms or aryl groups each having 6 to 12 carbon atons

and may be the same or different; R11, R12, and R13 represent hydrogen atons

or 10 hydrocarbon groups each having 1 t;9 12 carbon atons and nay be the
sane or different where R11 and R12 may be mutually |inked

structure; and R15 + Z1 (9) R14-~-R16 Y2-SI-Y4\ RL 7 X2/ X3 "Y3 Y5 r
wherein P represents a phosphprus atom Si represents a silicon 15 atom

R14, R15, R16,

or

represents an of ganic L
an organic group |inkedv Y4 and Y5; Y2 a

5 a proton donor noiety from W3 otons are lost, and are

(Y1)f

wherein X1 represents an alkyl group having 1 to 3 carbon atoms;
Y1 represents a hydroxyl group; and e and f represents an

integer of 0 to 3;

RS o
N o0
RS T O (8)
R10 Riz | R12
. OH

wherein P represents a phosphorus atom; R8, R%, and R10
represent alkyl groups each having 1 to 12 carbon atoms or aryl
groups each having 6 to 12 carbon atoms and may be the same
or different; R11, R12, and R13 represent hydrogen atoms or
10 hydrocarbon groups each having 1 to 12 carbon atoms and may
be the same or different where R11 and R12 may bemutually linked

to form a cyclic structure; and

i ris | [ T 1
R14—!L—-R16 AN ©)
1 A
= - L .

wherein P represents a phosphorus atom; Si represents a silicon

15 atom; R14, R15, R16, and R1l7 represent organic groups each

X R1Z esént organic groups each 52 having an aromatic
het erocyclic ring oraliRhgti c+groups) and maybe the same or different;
bot h groups Y2 aRd Y3; X3 represents

Y3 each represent

to forma cyclic

X2



linked with the silicon atomto forma chelate structure; Y4 and Y5 each
represent a proton donor noiety fromwhich two protons are |ost, and are
linked with the silicon atomto form a chelate structure; X2 and X3 may be
the sanme or different; 10 Y2, Y3, Y4, and Y5 are the sanme or different; and
Z1 represents an organic group having gp aromatic ring or heterocyclic ring
or an aliphatic group. [7] The resin conposition as set forth in any of
claime 1 15 to 6, further conprising: (E) a silane coupling agent; and (F)
an aromathevtcangpaennc rrand higc ad rl kase riowy diyde oxyhg groaps pdanthi meglrsiph each
of adjacent carbon atons conprising the aromatic ring. 20 [8] The resin
conposi ti ondasa gele fhetdana «of dimiaraver ainrephe sarammtinCo egapaungr 6&p has
two hydroxyl groups conbined with each of adjacent carbon atons conpri sing

the aromatigkedngit2d H&lh T@@onggl ¥ 2CRIMRPSI 3 j 003 asep el skortd A SHahnié,
wherein the aromatic conpound (F) has a naphthal ene ring and at least two

hydr oxy! ﬁEQHBSlWH@BW@ﬂtWH&P?QQBU%fS ad] AceRt ;cap by aBoB R3¢« $PERLHEI NY
t he napht hal ene ring 10] The resin conp05|t|on as set forth inclaim?7,

wher eign mk)t? r SLOMBALG 9%‘@& fE)amh@ﬁlah“@%t?%%%sf Lpg @Bgtt“ﬁné hydr oxy!
groups co ned mnt eac dj acent carbon conprising’t _
napht hal efe, (100, ;L 4k nTNG 8540, COPBRSLLT 98,85 2S8h YL J¥y 0¥, 9L ;okgi me 7
and Y5 each represent a proton donor mociety from which two
protons are lost, and are linked with the silicon atom to form
a chelate structure; X2 and X3 may be the same or different;
i0 Y2, Y3, Y4, and Y5 are the same or different; and Z1 represents

an organic group having an aromatic ring or heterocyclic ring

or an aliphatic group.

[7] The resin composition as set forth in any of claims 1
15 to 6, further comprising:
(E) a silane coupling agent; and
{F) an aromatic compound having at least two hydroxyl
groups combined with each of adjacent carbon atoms comprising

the aromatic ring.

20
(8] The resin composition as set forth in claim 7, wherein
the aromatic compound (F) has two hydroxyl groups combined with
each of adjacent carbon atoms comprising the arcmatic ring.
25 [9] The resin composition as set forth in claim 7, wherein

the aromatic compound (F) has a naphthalene ring and at least

two hydroxyl groups combined with each ¢f adjacent carbon atoms



to 10, wherein the resin conposition contains the conpound (F) 10 in an
amount of 0.01 weight %or nore to 1 weight %or less to the total weight of
the resin conposition. [12] The resin conposition as set forth in any of
claims 7 to 11, wherein the resin conposition contains the silane 15
coupling agent (E) in an ampunt of 0.01.ueight %or nore to 1 weight % or

|l ess to the total weight of the resin conposition. [13] The resin
conposition as set forth in any of clains 1 to 12, wherein the resin

conposi ti gy taims the hg?m@yg;égg tihher (CQ) in an anount of 80 weight %
or nore to 92 weight % or less to the total weight of the resin conposition.
[ 14] A sem conductor device conprising: a. sem conductor el enent encapsul at ed
by the cured resin of 25 resin conposition as set forth in any of clains 1

to 13. (10] The resin composition as set forth in claim 7, wherein

the aromatic compound (F)} has a naphthalene ring and two
b5 hydroxyl groups combined with each of adjacent carbon atoms

comprising the naphthalene ring.

(11] The resin composition as set forth in any of claims 7
to 10, wherein the resin composition contains the compound (F)
10 in an amount of 0.0l weight % or more to 1 weight % or less

to the total weight of the resin composition.

(12] The resin composition as set forth in any of claims 7
to 11, wherein the resin composition contains the silane
15 coupling agent (E) in an amount of 0.01 weight % or more to

1 weight % or less to the total weight of the resin composition.

[13] The resin composition as set forth in any of claims 1
to 12, wherein the resin composition contains the inorganic
20 filler (C) in an amount of 80 weight % or more to 92 weilght %

or less to the total weight of the resin composition.

[14] A semiconductor device comprising:
a. semiconductor element encapsulated by the cured resin of

25 resin composition as set forth in any of claims 1 to 13.



