EPOXY RESI N COVPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI NG AND SEM CONDUCTOR
DEVI CE BACKGROUND OF THE I NVETION 5 Field of the Invention The present
invention relates to an epoxy resin conposition for sem conductor
encapsul ati ng and a sem conductor device using the epoxy resin conposition.
Description of Related Art ( Transfer nolding of an epoxy resin conposition
is a suitable encapsulating 10 nethod for | ow cost mass production of

sem conduct or devices such as ICs and LSIs. This nethod has been used for
years, whi IBPOXY RIESTNGC OMRGSIINEIN BB SENMICOMNAIUGIOR ENENPSEILATINCGE! i abi l ity
t hrough i nprovenent of the epoxy resin and the phenol resin used as a
curing agent. However, in ANP SIEONDRIKEIR OEBAECEai m ng at miniaturization,
wei ght reduction, and increased performance of el ectronic equi pnent,

sem conductor 15 devi ces have al so becone highly integrated and surface
nounting techni que has advanced year by year. This trend has increased
requi renents for the epoxBACKSGROUNINOGSTHE @NVEGIONeni conduct or
encapsul ati ng. For these reasons, problens still to be solved in
convernst i dreld of ploxpvertsinn conposi ti ons have conme up. Conventi onal

sem conduct or devices were encapsulated mainly with an epoxy 20 resin
conposi ti on cobheaprasantinyentborrelatesd an spekyassia composition fagemicondudtdre
conposition, which shields sem conductor devices and provides distinct
printi ng dnvappuiatiog apd e demiconduntmslevicousing thenoxy sgsth cdmepdsitian. on t he bl ack
background. Mre recently, an increasing nunber of electronic part

manuf act upescapdembbRelnatArhser marki ngs which are nore easily handled. As a
neéhod for inproving the performance of YAG |aser 25 marking, Japanese

Pat ent Appl i cafransfelmpldingefranNpoxpresmapntpogdition|ine sujtableancapsubssingbl ack havi ng
a carbon content of 99.5 wt% or nore and a hydrogen content of 0.3 wt% or

| ess i0s enebied fardowpastmaass peodpghienokseaticeiidastior devaedsisych as Ksianddflg. ect . 1

This method has been used for years, while its performance has been improved with
respect to reliability through improvement of the epoxy resin and the phenol resin used
as a curing agent. However, in the recent market trend aiming at miniaturization,
weight reduction, and increased performance of electronic equipment, semiconductor
15  devices have also become highly integrated and surface mounting technique has
advanced year by year. This trend has increased requirements for the epoxy resin
composition for semiconductor encapsulating. For these reasons, problems still to be
( solved in conventional epoxy resin compositions have come up.
Conventional semiconductor devices were encapsulated mainly with an epoxy
20  resin composition containing carbon black used as a coloring agent in the composition,
which shields semiconductor devices and provides distinct printing images of product
names, lot numbers, and the like on the black background. More recently, an
increasing number of electronic part manufacturers employ YAG laser markings which
are more easily handled. As a method for improving the performance of YAG laser
25  marking, Japanese Patent Application Laid-open No. 2-127449 discloses that carbon
black having a carbon content of 99.5 wt% or more and a hydrogen content of 0.3 wt%

or less is effective. There are various studies relating to this subject.



However, due to the fine pitch wiring in sem conductor devices in recent
years, use of carbon black, which is a conductive col oring agent, induces
el ectrical failures such as a circuit shortage and a | eak current, when

| arge particles of carbon black aggregates are present between inner |eads
or between wres. Mrreover, if large 5 particles of carbon black or the |ike
are stuck in narrowed spaces between wires, the wres receive a stress

whi ch al so causes failures of electrical properties. As a nethod for

avoi di ng t heslosyever, dpe & the Sinp pitels wiringoasemicopduaen dexjns iTtieemns yedsi d- open
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encapsulating containing carbon black treated by oxidation induce a wire shortage

failure when the distance between wires is as small as 40 um, although no such wire

shortage problems occur at a wiring distance of 80 um. An epoxy resin composition
15  for semiconductor encapsulating exhibiting sufficient performance has not yet been

developed.

Therefore, an objective of the present invention is to provide an epoxy resin

composition for semiconductor encapsulating being free from electrical failures such

as a short circuit, a leak current, and the like, not inducing wire deformation, and
20 exhibiting excellent laser marking characteristics even if the distance between wires is

as small as 40 pm, and to provide a semiconductor device using this epoxy resin

composition.

SUMMARY OF THE INVENTION
25 In view of this situation, the inventors of the present invention have conducted
extensive studies. As a result, the inventors have found that an epoxy resin

composition for semiconductor encapsulating comprising carbon black obtained by



treating the surfaces of carbon black having DBP absorption of 100 cnB/100 g
or nore or carbon precursor obtained by treating the surfaces of carbon
precursor with a carbon content of 90 wt% or nore is free fromelectri cal
failures such as a short circuit, a |leak current, and the |ike, does not

i nduce wire deformation, and exhibits excellent |aser 5 marking
characteristics even if the distance between wires is as small as 40 m This
finding has led to the conpletion of the present invention. Specifically,

t he preserhtingthe stifaes pf carbateblacinhapgxPBPebsorptianpbRitdno'il (0o or marapsul at i ng
sem conductors conprising (A an epoxy resin, (B) a phenol resin, (C) an

i nor gani or tarbbeprecidS)r ebtained bygtrpatmguhesurfaaecof{dayboa wemub s evitrectrbeh col ori ng
agent, 10 wherein the coloring agent before the surface treatnent is a

car bon prentantsgP0witthommoreas fien fivonelecttical ffaiboeswvh as a sorecioruit; addabn bl ack
havi ng a DBP absorption of 100 c¢nB8/100 g or nore. The present invention
furt her pnoewitdasl tht ke gory notasduce sargpdedomiationf and exbititapscdllzni lager

sem conductors, wherein the above surface treatnent is an oxidation 15

t r eat frentmarking chareetenstics pvemif itaedistandewiweanoviresds as smealbarodl/ume s iThis
conposition for encapsul ati ng sem conductors, wherein water extracted from
t he surf dindingrhaaieddo theotamplegpraefahe peBnt masntiopH of 2 to 5. The present
invention further provides the epoxy resin conposition for encapsul ating
seni conduct or Spesifieallyi thetriresenbioventivnrmirerddes anrepakyreasin ¢ompesitionifaat i on
treatnment using an acidic liquid containing one or nore acids 20 selected

f r om t he egeapapladrsanuconiyciors eompisineoldi)slcpaxeresity thogrhenpltesini €8 aqueous
solution, sulfuric acid, nitric acid, hypochlorite, chloric acid, chlorous
adi d, anan ipuganin§Herafld) 2 qumngaremetsr, and(Eha susfaceticated colorisg pgris, t he epoxy
resin conposition for encapsul ating sem conductors, wherein the above

car bdf bIvdereimthe @lgsingagent before thecqusfags Beatment isp catyop Fraggrsgrvithide present
invention further provides the epoxy 25 resin conposition for encapsul ating
seni cond§atepsonigplef S0i/har mers A cathopdiack having a BP absermtiasgfd 0dsor pti on
specific sqrface area of 20 to 100 n2/g. The present invention further
provi des “hd OB B9Esi n conposition for encapsul ati ng

The present invention further provides the epoxy resin composition for

encapsulating semiconductors, wherein the above surface treatment is an oxidation

15 treatment. The present invention further provides the epoxy resin composition for
encapsulating semiconductors, wherein water extracted from the surface-treated
coloring agent (E) hasapH of 2to 5.  The present invention further provides the
epoxy resin composition for encapsulating semiconductors, wherein the above surface
treatment is an oxidation treatment using an acidic liquid containing one or more acids

20  selected from the group consisting of a peroxodisulfate, hydrogen peroxide aqueous
solution, sulfuric acid, mtric acid, hypochlorite, chloric acid, chlorous acid, and
permanganate. The present invention further provides the epoxy resin composition
for encapsulating semiconductors, wherein the above carbon black has a primary
particle diameter of 40 to 90 nm. The present invention further provides the epoxy

25  resin composition for encapsulating semiconductors, wherein the above carbon black
has a nitrogen adsorption specific surface area of 20 to 100 m”*/g.  The present

invention further provides the epoxy resin composition for encapsulating



3 sem conductors, wherein the above carbon precursor has a specific
resistance of 1 X 102 Samto 1 X 107 (}cm The present invention further
provi des the epoxy resin conposition for encapsul ati ng sem conduct ors,
wherein the content of unsieved conponents when the surface-treated
coloring agent (E) is sieved through a screen 5 with openings of 25 gmis O
wt % The present invention further provides a sem conductor device

encapsul ated with anﬁ one of above epoxy resin conpositions for ,
sem condeindusionsywhersi theaboyg patbgR PIRSEOT Basa esiticqesasiarefddl®i th the

epoxy resin co ition for sem conductor encapsul ati ng of the present
i nvent i dkcayte 1&3?&f%m&%@$pwww&mfﬁﬁé§ Prﬂﬂg%ifgﬁe%@‘yam%lﬁort circuit, a
| eak current,..and the | igﬂ do not_induce wi.re deformafion, and exhibit
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exhibit excellent laser marking characteristics, even with a small distance between

wires of 40 um.

DETAILED DESCRIPTION OF THE INVENTION AND
15 PREFERRED EMBODIMENT
The epoxy resin (A) used in the present invention is a monomer, an oligomer,
or a polymer having two or more epoxy groups in one molecule. There are no
specific limitations to the molecular weight and molecular structure. Examples
include a biphenyl epoxy resin, bisphenol epoxy resin, stilbene epoxy resin,

20  phenolnovolac epoxy resin, cresolnovolac epoxy resin, triphenolmethane epoxy resin,
alkyl-modified triphenolmethane epoxy resin, triazine nucleus-containing epoxy resin,
dicyclopentadiene-modified phenol epoxy resin, phenolaralkyl epoxy resin having a
phenylene skeleton, biphenylene skeleton, or the like, sulfur atom-containing epoxy )
resin, and the like. These epoxy resins can be used either individually or in

25  combination of two or more.

The phenol resin (B) used in the present invention is a monomer, an oligomer,

or a polymer having two or more phenolic hydroxyl groups in one molecule. There



4 are no specific limtations to the nol ecul ar wei ght and nol ecul ar
structure of the phenol resin. Exanples include a phenol novol ac resin,
cresol novol ac resin, dicycl opentadi ene-nodified phenol resin,
terpene-nodi fi ed phenol resin, triphenol nethane resin, phenol aral kyl resin
havi ng a phenyl ene skel eton, biphenylene 5 skeleton, or the |ike, sulfur

at om cont ai ni ng phenol resin, and the |ike. These phenol resins may be used
either individually or in conbination of two or nore. The anmount the epoxy
resin (Apreadpptifiabmitatignsitots) mokeeulai weightansbmplssalar gructwsé of the pr esent
invention is preferably determned so that the ratio of epoxy groups in al

( epoxy peeniohgesing tHxemplesiedilnde dphenobopiolge tsps crerolapyolphwssiol resins is from
0.8 to 1.3. Al0 ratio in this range can prevent a decrease in curability of
t he epoxticydspentahiensonpdifigd phenol tesin, tarpaneanedified phenshessin,n t he gl ass
transition tenperature, a decrease in the wet resistance reliability, or

t he |i ketriphen¢lmethane eespt, phensdaralkpbresindiaying aghsnyens skieletory bjpheaylong nor gani ¢
fillers commonly used in epoxy resin conpositions for sen conductor
encap$ul skalgign.«athaltke, sdéur arpn-sentppingsphenpl redin, ag the likea, Thesg ghetiol si | i ca,
talc, alumna, silicon nitride, and the |ike can be given, with the nost

pr ef er abresinsgagygenised eithgrdpdipidpally ¢prinsombinatipn eEfwosermers. These i norgani ¢
fillers may be used either individually or in conbination of two or nore.
Al t hough t her éhgpmoupighe gpoxyfregin (A handnticpplaesin (B) wisdiinthe GoBMOSEIOR di amet er
of the in?rganic filler s,  preferably 105 mor |ess, nore preferably 75

: (O

m or | es8f thgpaesgatripyentionds prefrraiy defpmyinedsehapthe satiq depoxy grourgn 4t o account
failures such as deforyation of wires and _the like that may occur when

| ar ge pafPPY|TE¥nDio tLﬁBH‘?Hq‘?bP&H‘SFPEB\;Y:‘ETP‘I‘IEWé]rlé’tﬁ%@qlé%nisn‘s 2P %tggéceé bet ween
the wires., Although there are no s ecifiag’.lin'tthgtions, t he anount of the

i nor ¢hni Eatic;ip s rf’?’@? CWFH@%%W (CHraOUH G5 thEieBAXY Kesigrompositiey from 80
w%to 94 w% The content of Eﬂhe inorganic filler,(C) in this range can
Suppr ess ORCHICHPRIESER fIFFTame i B elShispn e id Cmbpraire A dRFERSS S YEhd the I Ke.

As the curiecRraMBhRY, of Bl 1udbf afCdrPpRGRIRt eF s commonly used in epoxy

As the inorganic filler (C), any inorganic fillers commonly used in epoxy resin
compositions for semiconductor encapsulating can be used. As examples, molten
15  silica, crystal silica, talc, alumina, silicon nitride, and the like can be given, with the
most preferable inorganic filler being granular molten silica. These inorganic fillers
may be used either individually or in combination of two or more.  Although there are
no specific limitations, the maximum particle diameter of the inorganic filler (C) is
preferably 105 pm or less, more preferably 75 pm or less, and particularly preferably
20 55 um or less, taking into account failures such as deformation of wires and the like
that may occur when large particles of the inorganic filler are stuck in narrow spaces
between the wires.  Although there are no specific limitations, the amount of the
inorganic filler {C) in the epoxy resin composition is preferably from 80 wt% to 94
wt%. The content of the inorganic filler (C) in this range can suppress a decrease in
25  the solder resistance, flowability, and the like.
As the curing promoter (D), any curing promoters commonly used in epoxy

resin compositions for semiconductor encapsulating can be used in the present



resin conpositions for sem conductor encapsul ating can be used in the
present 5 invention. Exanples include an addition product of a phosphine
conpound and a qui none conpound, diazabicycloal kene and its derivatives
such as 1, 8-di azabicycl o(5, 4, 0) undecene-7, am ne conpounds such as
tributylam ne and benzyl di net hyl am ne, im dazol e conpounds such as
2-nmet hyl i m dazol e, organic 5 phosphines such as triphenyl phosphi ne and
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ge an y Ccause deformati on of gold wres during encapsulating. The
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hydr ogen atom content of the carbon precursor determ ned by el enental
anal ysi sypy€ respectively 90 to 97 wt% and 2 to 8 25 w% The carbon
precursor conprises fine particles with a primary particle dianeter

The coloring agent for obtaining the surface-treated coloring agent (E) used in

the present invention is a carbon precursor with a carbon atom content of 90 wt% or
more or carbon black with a DBP absorption of 100 cm®/100 g or more.

15 The carbon precursor before surface treatment used as the coloring agent (E)
has an H/C ratio by weight preferably of 2/97 to 8/90, and particularly preferably 2/97
to 6/93. The carbon precursor has a specific resistance preferably of 1x 10? Q-cm or
more, but less than 1x10” Q-em. A carbon precursor with a specific resistance of
more than 1x107 Q-cm or an H/C wt% ratio by weight of more than 8/90 is undesirable

20  since such a carbon precursor has characteristics closer to an insulated material, in
which the carbon precursor particles tend to reaggregate by a static charge and may
cause deformation of gold wires during encapsulating. The H/C ratio by weight of
2/97 to 8/90 indicates that the carbon content and hydrogen atom content of the carbon
precursor determined by elemental analysis are respectively 90 to 97 wt% and 2 to 8

25  wt%. The carbon precursor comprises fine particles with a primary particle diameter
of about 2 to 5 nm.

The specific resistance can be determined using a known method, specifically,



of about 2 to 5 nm The specific resistance can be determ ned using a known
nmet hod, specifically, 6 according to the nethod conformng to JI'S Z3197.
According to this nmethod, after applying a flux to a G 10 or SE-4 substrate
of an epoxy resin copper clad lam nate on a glass fabric substrate having
an wedge pattern, the pattern is soldered, and the resistivity is neasured
at 100 V DC using an ohmneter at 25C and 60% RH or |less. 5 There are no
specific linmtations to the method for producing the carbon precursor of

t he pregéerding\ie the raﬁhowfe&@lﬁgr@@fﬁslg% écwgwado duvpethodsattesar boni zi ng
an aromati c_polymer such as _a resole resin, phenol resin, or

pol yacr yBlying3 flex txa §-K) or $iy4 subsgateaf ap eroxy wow copraird laginatgomppr opri at e
period of f tipe. Either one type of carbon precursor or a mxture of two or
mor et y#aass dabricubgrate haying @y Wedgsrnattemo thgdatternds solderedeinddhe can be used.

Carbon black.,is suitable a ol oring agent for_nroducing the coloring
agent  (FEJSHWEH g@ewreﬁl @Mﬁi\ﬂp %@&@%Hﬁ%%@%ﬁﬁr@sﬁp 7 Retrdesig
properties, at resistange, .anpd |aser rki.ng operties, A product
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and laser marking properties. A product obtained by oxidizing carbon black having a

DBP absorption of 100 cm’/100 g or more before surface treatment contains primary
15  carbon particles with a particles size in an appropriate range and contains only a small

amount of aggregates of primary carbon particles before the surface treatment.

Therefore, the surfaces of such carbon black can be treated in a state in which the

substantial specific surface area is the maximum during the surface treatment. This is

thought to be the reason why carbon particles after the treatment are most difficult to
20  aggregate. When the primary particle size of the carbon black is too small, the

oxidized product contains some amount of aggregates and has a DBP absorption of less

than 100 cm*/100 g.  Since the surfaces with a substantially reduced specific surface

area are treated, the amount of surface treatment is decreased, resulting in a poor effect

of surface treatment. When the primary particle size of carbon is large, on the other
25  hand, the amount of aggregates is small, but the DBP absorption is less than 100

cm’/100 g.  This necessitates a surface treatment of carbon black with a

comparatively small specific surface area, with a consequence of a small amount of



25 hand, the anobunt of aggregates is small, but the DBP absorption is |ess
than 100 c¢nB/100 g. This necessitates a surface treatnent of carbon bl ack
with a conparatively small specific surface area, with a consequence of a
smal | amount of 7 surface treatnment and al so a poor effect of surface
treatnment. The DBP absorption before the surface treatnent nmay be 180

cnB/ 100 g or nore, but the maxi num anount should be |ess than about 200
cnB/ 100 g taking into account the rel ationship betwee the primary particle
Size ancUBRESHFRNEE! B &m&a&%&féur&ceé@@m&tiﬁfﬁﬁﬁgﬁgmgms reason,
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to 100 m%/g is preferable due to easy surface treatment and capability of reducing
aggregates to the minimum.

15 The DBP absorption herein refers to the amount of DBP (dibutyl phthalate)
required for filling voids of accumulated carbon black, which amount indicates the
degree of structures in which particles are linked or aggregated. The primary particle
diameter refers to an average diameter of small globules which constitute carbon black
aggregates calculated based on measurement by electron microscope. The nitrogen

20  adsorption specific surface area is a value used for measuring the total specific surface
area of carbon black. The value is calculated from a specific surface area (m%/g),
which is determined by immersing deaerated carbon black in liquid nitrogen and
measuring the amount of nitrogen adsorbed on the surface of the carbon black in an
equilibrium state. Commercially available products can be used as the coloring agent

25  before surface treatment.

A preferred surface treatment applied to the component (E) in this invention is

an oxidation treatment. As the method of oxidation treatment, a treatment using one



equilibriumstate. Comercially avail able products can be used as the
coloring agent 25 before surface treatnent. A preferred surface treatnent
applied to the conponent (E) in this invention is an oxidation treatnent.
As the nmethod of oxidation treatnent, a treatnent using one 8 or nore acids
selected fromthe group consisting of a peroxodisul fate, hydrogen peroxide
aqueous solution, sulfuric acid, nitric acid, hypochlorite, chloric acid,
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m (hereinatter
adding 5 g of the coloring agent to 50 g of purified water, heating the mixture in a

pressure cooker at 125°C for 24 hours, and measuring the pH of the supernatant liquid.
In the present invention, the pH of water extracted from the coloring agent (E) after

15  oxidation treatment is preferably from 2 to 5.  Although there are no specific
limitations, a wet process comprising dispersing a coloring agent in a solution
containing an oxidizing agent is preferable as the oxidation method due to the
capability of providing a uniform surface treatment. Use of a separation membrane
such as an ultrafilter membrane is preferable to remove reduced salts generated by the

20  oxidation treatment.

In the surface-treated coloring agent (E) of the present invention, the content of
components that do not pass through a screen with openings of 25 um (hereinafter
referred to as “unsieved components™) is preferably 0 wt%. Fine particles, not
limited to coloring agents, contain some amount of large and rough particles, which

25  should be removed before use. For the sieving test, a method described in JIS K6218
(1997) entitled “test methods for other characteristics of carbon black for rubbers” is

followed by using a screen with openings of 25 um.  Although not specifically limited,



referred to as "unsieved conponents”) is preferably 0 wt% Fine particles,
not limted to coloring agents, contain sone anount of |arge and rough
particles, which 25 should be renoved before use. For the sieving test, a
met hod described in JI'S K6218 (1997) entitled "test nethods for other
characteristics of carbon black for rubbers” is followed by using a screen
w th openings of 25 m Al though not specifically limted, 9 a nethod of
di spersing the coloring agent in a solvent to produce a slurry, filtering
the sl wrmgthodpbdigpersing the eolorgigtagentpamisatysniop produee eslures Slteritgthag t he
resi due, and crushing the dried Pr oduct can be given as a nethod for
obt ai ni rigirey betughiadytesgathopgnings of 1l pm andess crpagdenisoidentandchisbingh a screen
wi th openings of 25 gm A surface treatnent 5 of the colori ng agent in
slurry dbadiied pradustsan pe givenps & methadifer phipininga enleringagent wih Dt of t he
coloring agent or addition of a surfactant to the solvent is nore
pr ef er abinsieves eampanenigdurgugh a peeel WHh gpenings IS ngAsudage treatmpend sol vent .
The oxidation treatnment is preferable in_the A)res_er]t i nvention. Use of
wat e’ asofdhesenlomng agept inplurgieanditions 1 preterablent A Brejmanasy sptacedue to the
capability of excellently di speraj ng .10 colorin agllent .and easily renoving
| ar ge arliFaHBe KT Bigrcolringagent iy addidign pha surdagtast tq e solvery ie 8¥8e and safety of
water. The.slurry of colorjng agent is dried by vacuumdryjing, hot air
drying, mSFlerable tojepgire goed frpetsiod o therrglargiagentdn hepoheat-usifey a crusher such
as a jet . mll, a ball mé{el or E Henschel m xer.. Although nofY specifically
i mi t ed, 0%9AK08 freptmant {sRrsierble Ry Piveeni Juintiqn) W% of vwder 258 splyeHa pr esent
i nventiop in .an amount of 0.05 tq 5 W% and.noge preferably 0.1 to 3 w%
o the 1B aRioBistiaar s BTt S g barbisnor syelGuBr drefifbat cq ool or i ng
agent (E).in the amunt., of the gbove ran ensyures an excelle col oring
o7r ol ' hlprheseen R epeaeTieeend BREE pRRRc it R pT e | ur es. Csuch
as a shqgrt circuyit.an urrent | eakage, and deformat.ion of wres due to
200 egatPisost BBt iHy dBabFY SR RonRR Ba (iR W Vasbum B be
optionally added taq..t epo resi.n cCompesi ti,o f the.,present invention.
Cormont y'ok Al AR Lo e Bist B s PSR TRE l yof o cHSoelf SRR o
jet mill, a ball mill, or a Henschel mixer.
Although not specifically limited, the surface-treated coloring agent (E) is used
15  inthe present invention in an amount of 0.05 to 5 wi%, and more preferably 0.1 to 3
wit%, of the total amount of epoxy resin composition. The surface-treated coloring
agent (E) in the amount of the above range ensures an excellent coloring effect and
laser marking properties, and inhibits electrical failures, such as a short circuit and
current leakage, and deformation of wires due to aggregation of the coloring agent.
20 A silane coupling agent can be optionally added to the epoxy resin composition
of the present invention. Commonly known silane coupling agents such as epoxy
silane, amino silane, alkyl silane, ureido silane, vinyl silane, and the like can be used.
Specific examples include y-aminopropyltriethoxysilane,
y-aminopropyltrimethoxysilane, N-B-(aminoethyl)-y-aminopropyltrimethoxysilane,
25  N-B-(aminoethyl)-y-aminopropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltriethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane,

N-B-(aminoethyl)-y-aminopropyltriethoxysilane,
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silane, am no silane, alkyl silane, ureido silane, vinyl silane, and the

| i ke can be used. Specific exanples include y-am nopropyltriethoxysilane,
y-am nopropyl tri met hoxysi | ane,

N-f 3- (am noet hyl ) - y-am nopropyl tri nmet hoxysi |l ane, 25

N- (3- (am noet hyl ) - y- am nopr opyl net hyl di met hoxysi | ane,

N- phenyl - y-am nopropyl tri et hoxysi | ane,

N- phenyl - y-am nopr opyl t ri met hoxysi | ane,

N- ( 3- (anNo@giniivibhexyt)esvambppaylitimetiohpstlaae, ane, 10

N- 6- (am nohexyl ) - 3-am nopropyl tri net hoxysi | ane,

N- ( 3- ('t r Na@t(daythbkysilpipagyl) l;3tbéhzbasiinadanae] hanane,

y-gl yci doxypropyl tri et hoxysi |l ane, y-glycidoxypropyltrinethoxysil ane,

y- gl yci dexheidonypropylnydthibxyeildiexy-glycriogypropyltrimethoxysilane,

0- (3, 4- epoxycycl ohexyl )et hyl tri met hoxysi | ane, nethyl tri nmet hoxysil ane,

y- ur ei dopibridoxyp@bhimeylsildiaeehoxysilapbt ri et hoxysil ane, and the |ike. These
silane coupling agents may be used either individually or in conbination of

two of npH@4-epokydyblphexyl etodmdeetyoxgsiano smethpbrimathorysilaagnt osi | ane are
preferable. Al though not specifically limted, the silane coupling agent is
used i n {heigopspgyitricthoxgsitanevinyltrethok§sitamomtd thé like. 0 ITHese dilane% and nor e
preferably 0.05 to 0.8 w% of the total anmount of the epoxy resin

conposi t tauplinglhagertomiag bt usdd dither midivadmlly oupl ¢camgpingmmtofitwoohinwre.ange  ensur es
good viscosity characteristics and excellent flowability, and can suppress
det er i or € itmse, cecandagzniinosiland habmeshaptasidane aupprcfegatde e hkhovgh nopt i onal |y be
hydrol yzed by adding water and, as required, an acid or alkali or may be
&/eat ed speciicaliy limmteilribe gitanesonplingagehiaf usesl indhapresent purpidemiat dmavi ng an

aromatic ring in which two or nore adjacent carbon atons have hydroxyl
gr ot bamded of Ndtidod \wikh ad magse prsiernbly Octited.§ wtihef thpois) ansinhof

conposi tion of the present invention. As exanples of such a_ conpound,

cat echol the eppxyrsain eoimpogision; c The pentenyoif thesilars epupling pgent in this range

1, 2- di hydr oxynapht hal ene, and 20 2, 3-di hydr oxynapht hal ene, and deri vati ves
of thes ee@@fpﬁ(gqgg glsgg.ﬂtytp@m@pVgppcsgad excellent flowability, and can suppress

deterioration of curability. These silane coupling agents may optionally be
hydrolyzed by adding water and, as required, an acid or alkali or may be treated with

15  an inorganic filler before using.

A compound having an aromatic ring in which two or more adjacent carbon
atoms have hydroxyl groups bonded thereto can be optionally added to the epoxy resin
( composition of the present invention. As examples of such a compound, catechol,
| pyrogallol, gallic acid, gallic acid ester, 1,2-dihydroxynaphthalene, and

20  2,3-dihydroxynaphthalene, and derivatives of these compounds can be given. Of
these, catechol, pyrogallol, 1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene, and
the like are preferable. These compounds may be used either individually or in
combination of two or more. These compounds are added in an amount of 0.01 to 1
wt%, and more preferably 0.02 to 0.8 wt%, of the total amount of epoxy resin

25 composition. The content of these compounds in this range ensures good viscosity
characteristics and excellent flowability, and can suppress deterioration of curability

and properties of cured products.
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t hese, catechol,

pyrogal |l ol , 1, 2- di hydr oxynapht hal ene, 2, 3- di hydr oxynapht hal ene, and the |ike
are preferable. These conpounds nay be used either individually or in

conbi nation of two or nore. These conpounds are added in an anmount of 0.01
tol w% and nore preferably 0.02 to 0.8 wt% of the total anmount of epoxy
resin 25 conposition. The content of these conpounds in this range ensures
good viscosity <characteristics and excellent flowability, and can suppress
det eri or at i onBedausathakbmpbynd luvthghinapenbiiesn®in whick twp bofhoed sdjackht Because

t he conpound having an aromatic ring in which two or nore adjacent carbon
at ons haseebdiyatomx hbvegliyain@s/] pamge Horded tikdretocan ddaesse ateosityssndprdyioend pr onot e
flowability of the conposition by a synergistic effect with the silane

coupl i noflagabitity ofttie corapjtmnrty dxyrergistie kffecttwitf the sjlpreanspling agent,sk of | arge
particles of carbon black 5 aggregates being trapped between inner |eads and
al so bet thisstomponad hasfan effeeasf uppegang a ciak oblargeyparticied dficacredacko t he epoxy
resin conposition of the present invention. A conventionally known

r el easi naggaepates beingrtrappedvitercerminherghats anflatsoybetweted, winst al salt of hi gher
fatty acid, ester-type wax, polyethyl ene-based wax, and the |ike can be
used. These r Alrelagiimgagegecenshermpyiohalyusiddd &i thhepoxynmtsmicdumpbtitionof the 10

conbi nation of two or nore. OF these, polyethyl ene-based wax and nontanic
acid espresens ypentiax ok eompesfienallykeownecleasingagenty deldxemple; ehighsabi | ity and
capability of preventing aggregation of coloring agents. Although not

speci f i chtyycidi metabenlt offfaghar datteasidy gstarype was, palpethylene-basedmanwnandof 0. 05 to
3:;w% and nore preferably 0.1 to 1 w% of the total anount of epoxy resin
c%rrposi t theAike £gn E‘hu%elde dpeseyeleagngageotsyoay be wied sitheriadigidugner innventi on, the
epoxy resin, phenol resin, inorganic filler, curing pronoter, and

sur f Hte- eombinaiepneed| twoion graage P these, pelyeiylicne-basedirsrmndsontaie agid| ane
coupling agent, the conmpound having an aromatic ring in__which two or nore
adj acent e¢IriBRWAE Wf%%k’r%rt@ﬁ]ﬁl exgelismb elensaluby @%éﬁb&tﬁl}ty&ﬁ d the

rel easing agent are optionpally added. Besid these_fg:orrp?_nent s, additives
such as preventing aggregation of coloring agents. Although not specifically limited, the

releasing agent is added in an amount of 0.05 to 3 wt%, and more preferably 0.1 to 1
wt%, of the total amount of epoxy resin composition.

15 In the epoxy resin composition of the present invention, the epoxy resin, phenol
resin, inorganic filler, curing promoter, and surface-treated coloring agent are essential
components. The silane coupling agent, the compound having an aromatic ring in

( which two or more adjacent carbon atoms have hydroxyl groups bonded thereto, and
the releasing agent are optionally added. Beside these components, additives such as

20  an ion trapping agent such as a hydrotalcite and a hydroxyl group-containing
compound of an element selected from magnesium, aluminum, bismuth, titanium, and
zirconium, a coupling agent other than the silane coupling agent such as a titanate
coupling agent, an aluminum coupling agent, or an aluminum/zirconium coupling
agent, a low stress additive such as silicone oil and rubber, an adherence promoter such

25  as thiazoline, diazole, triazole, triazine, and pyrimidine, a flame retardant such as a
brominated epoxy resin, antimony trioxide, aluminium hydroxide, magnesium

hydroxide, zinc borate, zinc molybdate, and phosphazene, and the like can be

12



20 an ion trapping agent such as a hydrotalcite and a hydroxyl

gr oup- cont ai ni ng conpound of an el enent selected from magnesi um al um num
bi smuth, titanium and zirconium a coupling agent other than the sil ane
coupling agent such as a titanate coupling agent, an al um num coupling
agent, or an alum nunf zirconiumcoupling agent, a |low stress additive such
as silicone oil and rubber, an adherence pronoter such 25 as thiazoline,

di azol e, triazol?,@%{iazine, and pyrimdine, a flame retardant such as a

br oni nat APPEREREELY &ddefl.  antinony trioxide, al umi ni um hydroxide, magnesi um

e oy B S BRI SRR | o, be
B B T SO
(oL R ol STl e GRRS RS oggt’ o7 oo
F T g e
o 10 e B P Bl T B SR BB L L 19
deser | oo Bl Bl SRR 1 SR 005 B GRARM U0, 20
(1, Ul HRS AR TRk ST LB O e

unt r eat ed,. i xanpl es and conparative exanples. (Coloring
agent 1) q&&ﬁéﬁ“@?@%&@aﬁlﬁgﬁa DBP absorption of 142 en8/100 g, a prinary

partigl e
EXAMPLES
The present invention will be described in more detail by examples, which
should not be construed as limiting the present invention. In the examples and
comparative examples, the amounts of the components are indicated by part(s) by
15  weight. The following coloring agents, of which the surfaces are either treated or
untreated, were used in the examples and comparative examples.
(Coloring agent 1)
( Carbon black having a DBP absorption of 142 cm?/100 g, a primary particle
| diameter of 60 nm, and a nitrogen adsorption specific surface area of 35 m*/g was
20  surface-treated with an aqueous solution of sodium hypochlorite by a wet process.
After the reduced salt was removed using an ultrafilter membrane, the carbon black
was caused to pass through a 5 um filter, dried at 110°C, and ground into fine particles
using a jet mill. The extracted water had a pH of 2.8 and the amount of particles
unsieved through a screen with openings of 25 pm was 0 wt%.
25  (Coloring agent 2)
Carbon black having a DBP absorption of 105 cm’/100 g, a primary particle

diameter of 42 nm, and a nitrogen adsorption specific surface area of 70 m%g was
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dianeter of 60 rim and a nitrogen adsorption specific surface area of 35
n2/g was 20 surface-treated with an agueous sol ution of sodium hypochlorite
by a wet process. After the reduced salt was renoved using an ultrafilter
menbrane, the carbon black was caused to pass through a 5 mfilter, dried
at 110C, and ground into fine particles wusing a jet mll. The extracted

wat er had a pH of 2.8 and the anmount of particles unsieved through a screen
W th openli%s of 256 mwas 0 wt%_ 25 (Cblorlng agent 2) Carbon bl ack having a
DBP absorsgtfpemtreated with apaaugews solutione sedium pypachloriée bya wﬁbpr@f:es(sf 42 nm and
a nitrogen_ adsorption ﬁpe0|f|c surface a&ggtof 70 n2/ g

sur f ace- tARefitherediesd s %a@aageds%m&%ﬂ %%Wﬁ%ﬁé‘gﬂ Pb}aicl(é"aﬁy a wet

process. After the reduced s s.re sing an ultrafilter menbrane,
car bon blaBsediapassihiough aéd%%éfgr \Eq%?‘é)ﬁtgﬁ%ag groynddpto fipeipaghicdes 110C, and

o1 2.9 ot gRbnt 167 oxpar e e Tad k] e JI&GEXtraCé’&%Erﬁéﬁtﬂangnf’ﬁgs

of 25 mwas. 0 % (Colorin ent 3 ?ar bon k havi ng a DBP absorption
of 158 crHWFEY %Cﬁe&Pnga‘?H 41 nm and a nitrogen
adsorptic;g,f) ECIfIC urface area of 57 mZ/g was surface treated with an
aqueous ng288%t Yodi um hypochl orite by a wet process. 10 After the

Caused t o pascCaPOARA Hdne s PRormiPR og S cﬁg@ LTS EAGTh o 11 ne
22 S Db Aot B S e S 3020 e
% LR S 0RRE LE Sﬁw%%‘?laf@%%é&%&%‘éﬁm ot o) 98
100 AR B A RIS 2o RN
caused to pass through a 5 pm filter, dried at 110°C, and ground into fine particles
using a jet mill. The extracted water had a pH of 2.8 and the amount of particles
unsieved through a screen with openings of 25 um was 0 wit%.
(Coloring agent 4)
15 A carbon precursor having a carbon content of 96 wt%, a primary particle
diameter of 3 nm, and a volume resistivity of 1x10® Q-cm was surface-treated with an
aqueous solution of ammonium peroxidesulfate by a wet process.  After the reduced
( salt was removed using an ultrafilter membrane, carbon black was caused to pass
through a 10 um filter, dried at 110°C, and ground into fine particles using a jet mill.
20  The extracted water had a pH of 3.2 and the amount of particles unsieved through a
screen with openings of 25 pm was 0 wt%.
(Coloring agent 5)
Carbon black having a DBP absorption of 74 cm’/100 g, a primary particle
diameter of 78 nm, and a nitrogen adsorption specific surface area of 28 m*/g was
25  surface-treated with an aqueous solution of ammonium peroxidesulfate by a wet
process. After the reduced salt was removed using an ultrafilter membrane, carbon

black was caused to pass through a 5 um filter, dried at 110°C, and ground into fine

14



salt was

pass through a 10 mfilter,

using a j

particles unsieved through a

removed using an ultrafilter nenbrane, carbon bl ack was caused to

dried at 110C, and ground into fine particles

et mll. 20 The extracted water had a pH of 3.2 and the anount of

screen with openings of 25 mwas 0 wt %

(Col oring agent 5) Carbon black having a DBP absorption of 74 cn8/100 g, a

primary particle di arreter of 78 nm and a nitrogen adsorption specific
surface area of 28 25 surface-treated %Mth an aqueous_ sol ution of
anmoni um PEHYSS %%Meépellbyﬂae sdractsd graserdiad amkbet 3.5 and af t was
removed using an ultr filter nmenbrane, carbg bl ack vvaos caused to pass

t hrough aPasticles wsicyed thippghte sareep i ORERINES PG &M WERO Mife 14 particles
using a j mll. The extracted water had a pH of 3.3 and the anount of
particles ngAZENY rough a screen with openings of 25 mwas 0 wt %

prepare

(Col oring age The carbo ack used for oxidati eatnment to
t he col oring gt)léen’%aﬂi‘mb@q‘ﬂf’égé Or"é‘g"%% F?aﬂe%afﬁ) ecﬂolicgmg ageht b-he anount

003 w %

(ol or ng Bgeiiecis WA TaaABOROgH it S AuBto B RIREMS B AFBIEI? eat ment t o
prepare the coI r| n a%E%a?nwgshﬁ@%%Ct ed water had a pH of 6.2 and the

amount of SSREPHYIET Qe

0. 036 M%@E‘ﬁé‘{gl e Epoxy resin 1, phenol resi n 1, nolten spherical

1, nolten

agent 1,

in the proport

ilica 2, curlng pronoter 1, coloring agent 1,

a screen with openings of 25 mwas

silica
coupling

C°“"'T%% %ﬁ%ﬂé{emmﬁ?fﬂf% LSRR AR B ESTR aoer,

usi ng a hot

and crush®&f" { ra‘?"ﬁfa&%ggﬁ‘gé{}la?g f@%ﬁl@{ﬁp kneag?]fd AENE i Alevigs cool ed

10

15

20

25

through a screen with openings of 25 um was 0.036 wt%.
Example 1

Epoxy resin 1, phenol resin 1, molten spherical silica 1, molten spherical silica
2, curing promoter 1, coloring agent 1, coupling agent 1, coupling agent
2,2, 3-dihydroxynaphthalene, and a releasing agent in the proportion shown in Table 1
were mixed using a mixer and kneaded using a hot roller at 95°C for 8 minutes. The
kneaded material was cooled and crushed to obtain an epoxy resin composition. The
epoxy resin composition obtained was evaluated according to the following methods of
evaluation. The same composition as above, except for exclusion of the coloring
agent 1, was mixed using a mixer and kneaded using a hot roller at 95°C for 8 minutes.
The kneaded material was cooled and crushed to obtain a sample for evaluation of a
high temperature leakage examination, which is described later. The results of
gvaluation are shown in Table 1.

Epoxy resin 1 was a phenolaralkyl epoxy resin having a biphenylene skeleton
of the following formula (1) (“NC3000P” manufactured by Nippon Kayaku Co., Ltd.,

softening point: 58°C, epoxy equivalent: 273).

15



epoxy resin conposition obtained was eval uated according to the foll ow ng

net hods of evaluation. The sane conposition as above, except for exclusion

of the coloring agent 1, was m xed using a m xer and kneaded usi ng a hot

roller at 95C for 8 mnutes. 20 The kneaded material was cool ed and crushed

to obtain a sanple for evaluation of a high tenperature |eakage

exam nation, which is described |later. The results of evaluation are shown

in Table 1. Epoxy resin 1 was a phenol aral kyl epoxy resin having a

bi phenyl ene skel et on Qﬁgg e fol I owi ng fornmubenghgs, \( " NC3000P" manuf act ur ed
L. i :

by N ppon Kayaku Co C eppxy equi val ent :
273). 15 HsFH CHsC{( hnol 'resin 1 was a
phenol ar al kyl resin havinglia bi phenyl ene skeleton gf the follow ng fornula
(2) ("MeEH 7851 SS", manufactured by Meiwa Plastic I'hdustries, 5 Ltd.,
softening point: 107C, hydroxyl equivalent: 204). ( CHH d CHs OO CHs H
(2) n Mlten spherical silica 1 has an average particle dianmeter of 23 m a

o L ST o SRV RIR T 3
i i i ” A . 6.0 nk/q,

T8 BB RS A PRR IR

B e A s N

Ltd.), coupling agent 2 is y-nercaptopropyltrinethoxysilane ("KBM 803"
manuf actured by Shin-Etsu Chem cal Co., Ltd.), 2,3-dihydroxynaphthal ene is

a (reagent manuf acture%Hby Kant o Chental Co., ., and
1 ~0)~0)—on " @

Molten spherical silica 1 has an average particle diameter of 23 um, a
10  maximum particle diameter of 75 um, and a specific surface area of 3.5 m*/g, molten
spherical silica 2 has an average particle diameter of 0.5 pm, a maximum particle size
of 75 pm, and a specific surface area of 6.0 m”/g, curing promoter 1 is an addition
product of triphenylphosphine and 1,4-benzoquinone, coupling agent 1 is
( N-phenyl-y-aminopropyl trimethoxysilane (“KBM-573” manufactured by Shin-Etsu
| 15 Chemical Co., Ltd.), coupling agent 2 is y-mercaptopropyltrimethoxysilane
(“KBM-803" manufactured by Shin-Etsu Chemical Co., Ltd.),
2,3-dihydroxynaphthalene is a reagent manufactured by Kanto Chemcal Co., Inc., and
the releasing agent is montanic acid ester wax (“Licolub WE-4" manufactured by
Clariant Japan, Ltd.).
20  <Evaluation methods>
(Spiral flow)
Using a low-pressure transfer molding machine, the die for measuring a spiral

flow conforming to EMMI-1-66 was charged with the epoxy resin composition under
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the rel easing agent is nontanic acid ester wax ("Licolub WE-4" manufactured
by dariant Japan, Ltd.). 20 <Evaluation nmethods> (Spiral flow) Using a

| ow pressure transfer nolding machine, the die for nmeasuring a spiral flow
conformng to EMM -1-66 was charged with the epoxy resin conposition under
16 the conditions of a die tenperature of 175C, injection pressure of 6.9
MPa, and curing tinme of 120 seconds to determ ne the flow di stance.

(Curability) Torqu s, measur ed i)ng.a curastoneter (,"JSR Curastoneter |V
bs: Type hELondHTDT o BBy CANTEAf L1 L nisiGotan PEFBEE OF A9 MERABIELPE wos

i ndi cated. b uotient qbtained by di,viding the torque neasured after 60
seconds Hi}n%/ﬂglﬂ)oﬁe&?féﬂﬁ‘éagtﬁme%ﬁ%‘?d‘s‘%"%econds. The larger the value, the
better ”@u?%[ bjlity. (External appearance (color of cured product)) 12
packages E@&:P (14x20x2.0 mm thi ckness) were prepared by formng 10 the

e CorPos, e AP AR AR AR R e
e | spdbteonsse oy CEEARSIEIYR T, “PRARES Haplindt bt ReFtHEs) 15 some
P <o O oRORETE ST nndner PGB SRR B hRUREFSS T o
SO eReoL f g e 6 O A 20, S50E0, L1009,
101 120¢ Sk SRS TRl 120 o518 2 TRk (e | aser
printing (YAG ffﬁﬁkaé@@%% B@&)lpfs PIQQ%Q@.O nﬁﬁ“ﬁﬂklﬁﬁss) were prepared by forming
10 the resin compositions using a low pressure transfer molding machine under the
conditions of a die temperature of 175°C, injection pressure of 6.9 MPa, and curing
time of 70 seconds. External appearance (color of the cured product) was inspected
by visual observation.
(YAG laser marking properties)
15 Some pieces of 80pQFP (thickness: 2.7 mm) were formed using a low pressure
transfer molding machine under the conditions of a die temperature of 175°C, injection
pressure of 6.9 MPa, and retention time of 120 seconds, followed by post-curing at
( 175°C for 8 hours. Characters were printed by marking at a voltage of 2.4 kV and a
pulse width of 120 ps using a mask type YAG laser seal machine (manufactured by
20  NEC Corp.) to evaluate visibility of printing (YAG laser marking property). Samples
with a good marking were indicated by “0”, those with a usable marking were
indicated as “A”, and those with an unusable marking were indicated as “x”.
(Evaluation of aggregates)
A disk with a diameter of 100 mm was formed using a low pressure transfer
25  molding machine under the conditions of a die temperature of 175°C, injection
pressure of 6.9 MPa, and retention time of 120 seconds. The surface was ground and

observed using a fluorescence microscope (“BX51M-53MF” manufactured by
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with a good marking were indicated by "o", those with a usable marking were
indicated as "A", and those with an unusabl e marki ng were indicated as

(Eval uation of aggregates) A disk with a dianeter of 100 mm was formed using
a low pressure transfer 25 nol di ng machi ne under the conditions of a die
tenperature of 175C, injection pressure of 6.9 MPa, and retention tinme of
120 seconds. The surface was ground and observed using a fluorescence

nunber - of Obipga AR Lrue P PRt aeerir oL lPBIE weRLBith e b, ' (i gn

t enper at ure Ieakage) 100 pi eces of 144pTQFP with gol d wres, each having a
di aneter 9P 9% 5 bonded to three types of test chips, respecti vel y havi ng

Sasin ﬁé@ag}? 80%%%@&%% 1 iﬂd”‘t hﬁ’eriaﬁér?ﬁgi oo o thar o
L SR Y
20 Th ie%qﬁdsﬁht@mfﬁ%%% it ind, el Stlely T idectiRlsr i o KO RgRo0 B aF cot o e
i o A Eltg ot STRRLR G R ec“@ﬁ%ﬁ%ﬁi@é’fa%te?%lﬁg R
the compag ncsggml@gegs%ac bR 6 SR O A AR g B oo 1

were indica sanpl e ues of the

same or dey ’usﬂlgianl'g\')'v ﬂre%anél%ﬁﬁfolcﬁﬁ'fw%émﬁ@w&ﬁ? 1R Qlififon$ B’PX‘@H: a one order (X

10) hi gher’ east one sanple product showed

a {t wo Ordt% %ﬁét&?é?lﬂ“@hﬁﬁeé:;ﬁgﬁbﬂ%s\ﬁ%i’?81\9{?‘\5 rﬁd%ﬁ%@f&ﬁ%ﬁﬁ?%&e&ﬁﬁ&age of

144pTQFP W WTes ( ving a l'engt Iranmeter of 25
m boﬂ)dEdl"ﬁePleQ( £ Sdnt W2k edlurbdh&hy R hic8imBRiT 4810 T ALTRL @R by

Advantest Corp. High temperature leakage was evaluated by comparing the median
value of leak current at 175°C of the sample products with that of the comparative
samples not containing the coloring agent 1.  The results were indicated as “0” when
all sample products showed median values of the same order, as “A” when at least one

GGX‘)')

15 sample product showed a one order (x 10) higher median value, and as when at
least one sample product showed a two order (x 10%) higher median value.
(Wire deformation)
( A package of 144pTQFP with gold wires, each having a length of 3 mm and a
diameter of 25 pm, bonded to a test chip at intervals of 60 pm were formed and
20  encapsulated using a low pressure transfer molding machine under the conditions of a
die temperature of 175°C, injection pressure of 7.8 MPa, and retention time of 90
seconds. The wire sweep rate was measured using a soft X-ray apparatus
“PRO-TEST-100" manufactured by Softex Corp.  Sample products were rejected
when the maximum wire sweep rate ((wire sweep amount/wire length)x100) was
25  greater than 3%.

Examples 2 to 5 and Comparative Examples 1 to 4

Epoxy resin compositions were prepared in the same manner as in Example 1
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20 encapsul ated using a | ow pressure transfer nol ding machi ne under the
conditions of a die tenperature of 175C, injection pressure of 7.8 MPa, and
retention time of 90 seconds. The wire sweep rate was neasured using a soft
X-ray apparatus "PRO TEST-100" nmanufactured by Softex Corp. Sanple products
were rejected when the maximnumw re sweep rate ((wWre sweep anmount/wre

| ength) x 100) was 25 greater than 3% Exanples 2 to 5 and Conparative

A SR S T ET e
L Epoxy el b T TSGRy Shesh i1 TS 4oBesHRHOPE fur e by Japan
oo s b £ SR ST P R 250 21,
W tsal - caneny eqwsiety 190 melusedine 405 sBin bERriolotig oyt poi nt: 790
shown by the 10 following formula (4). OH~\ CH- U CH2 QH (4 ~~n (

Curi n& pronoter 2 is triphenyl phosphine ("PP-360" manufactured by KI 15
Chem cal Industry Co., Ltd.). 19

CH, CH,
CH;—CH—CH; 0 @ @ O—CH,—CH—CH, (3}
No” N 0/
CH3 CH’

Phenol resin 2 is a phenolaralkyl resin (“XLC-LIL.” manufactured by Mitsui
Chemicals, Inc., hydroxyl group equivalent: 165, melting point: 79°C) shown by the

10 following formula (4).

CH,—@- CH, H (4)

( Curing promoter 2 1s triphenylphosphine (“PP-360" manufactured by K1
15  Chemical Industry Co., Ltd.).
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TABLE 1 Exanple Com arative Exanple 1 2 3 45 1 2 3 4 Epoxy resin 1 85 85
85 75 97 85 85 75 Epoxy resin 2 47 Phenol resin 1 53 53 53 46 59 53 53 46
Phenol resin 2 41 Ml ten spherical silica 1 750 750 750 750 730 750 800 750
750 Molten spherical silica 2 100 100 100 100 100 100 100 100 100 Curing
pronoter 1 3 3333333 Curing pronoter 1 5 Coloring agent 1 3 3
Coloring agent 2 3 Coloring agent 3 3 Col oring agent 4 20 Col oring agent 5 3
3 Coloring agent 6 3 Coloring a VQB%B];E\%O Coupling agent 1 2 2 22 2 2 2 2
2 Couplingagent 2 11111111 ~3-Dih drox a hthalene 1 111111
1 1 Relleasing agent 2 2 2 2 2 2 Zxanpleop! ral 11 oW cm ddmparatvk Edanplel 00 159
156 148 |152 128 Curabilitly ©.72 6. 74 .74 & 73 05 64 0; 70 0278 0367} 0.470
Appear ance ( biiresiit CUT € §9 O (30 O & O] 070 |predycigs YAG | asegs narggng O O

O A O OO O Apoxy resin2 47
Phenol resin 1 53 53 53 46 59 53 53 46
Phenol resin 2 41

Molten spherical silica 1 750 750 750 750 730 750 800 750 750
Molten spherical silica 2 100 100 100 100 100 100 100 100 100
Curing promoter 1 3 3 3 3 3 3 3 3
Curing promoter 1 5
Coloring agent ] 3 3
Coloring agent 2 3
Coloring agent 3 3
Coloring agent 4 20
( Coloring agent 5 3 3
Coloring agent 6 3
Coloring agent 7 20
Coupling agent 1 2
Coupling agent 2 1
2,3-Dihydroxynaphthalene 1
2
5

Releasing agent
Spiral flow {cm) 1

Curability 0.72

Appearance (color of cured

product) O
Q
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YAG laser marking
properties
Aggregates (number of
aggregated particles)
High temperature leakage
(80 pm)

High temperature leakage
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High temperature leakage

{ (40 pm)
) Wire deformation
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Since the epoxy resin composition for semiconductor encapsulating obtained
5 according to the present invention exhibits excellent flowability and curability during
encapsulating of semiconductor devices and can produce semiconductor devices
without electrical failures such as a short circuit, a leak current, and the like and not
inducing wire deformation, the epoxy resin composition is particularly suitable for

producing surface mounting-type semiconductors with a small distance between wires.
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properties Aggregates (nunber of 0 0 0 8 0 2 1 43 100< aggregated
particles) H gh tenperature | eakage 80 Wi) OO OOOOO0 x O High
tenperature leakage OO O OOA A X O (60 W) Hi gh tenperature |eakage (40
W) OOOOOXx xx O x Wre deformation 0 0 OO0 0 0 O Since the epoxy
resin conposition for sem conductor encapsul ating obtained 5 according to
the present invention exhibits excellent flowability and curability during
encapsul ati ng of sem conductor devices and can produce sem conductor devices
wi t hout electrical failures such as a short circuit, a leak current, and the
i ke-and not inducing wre deformation, the epoxy resin conposition is
particularly suitable for producing surface nounting-type sem conductors
with a smaldl ance between wires. 20 CLAIMS 1. An epoxy resin
conposition for encapsul ati ng sem conductors conprising (A) an epoxy resin,
(B) a phenol resin, (C) an inorganic filler, (D) a curing pronoter, and (E)
5 a surface-treated coloring agent, wherein the coloring agent before the
surface treat merft Anjepoyy Eeimempasiior fw&mag%%mwmcﬁﬁm cempigag A 200
cnB8/100 g and a primar particle diameter of 40 to 90 nm and wat er
extracted fp @ﬁoxsh@smé/)aa:ehqnoéasw (@AnpiggnicdtiendD] EXunag penptproand(Rlo 5.

10 2. The epoxy resin conposition for encaﬁ)syl ating sem conduct ors accordi ng
to clat m asuiigra-eesied pelodng agenb wheesin ermolargagepkbeians tba stfecs tragtmentsi ng

an acidic liquid _ i
is a carbon black having a DBP absorption of 100 to 200 cm®100 g and a primary

particle diameter of 40 to 90 nm and water extracted from the surface-treated coloring

agent (E) has a pH of 2 to 5.

10 2. The epoxy resin composition for encapsulating semiconductors according to
claim 1, wherein the surface treatment is an oxidation treatment using an acidic iiquid
confaining one or more acids selected from the group consisting of a peroxodisulfate,

hydrogen peroxide aqueous solution, sulfuric acid, nitric acid, hypochlorite, chloric acid,

chlorous acid, and permanganate.

15
3. The epoxy resin composition for encapsulating semiconductors according to
claim 1 or 2, wherein the carbon black has a nitrogen adsorption specific surface area of
20 to 100 m¥%g.
20 4, The epoxy resin composition for encapsulating semiconductors according to

any of claims 1 to 3, wherein the content of unsieved components when the surface-

treated coloring agent (E) is sieved through a screen with openings of 25 um is 0 wt%.
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contai ning one or nore acids selected fromthe group consisting of a

per oxodi sul fate, hydrogen peroxi de aqueous solution, sulfuric acid, nitric
acid, hypochlorite, chloric acid, chlorous acid, and permanganate. 15 3.
The epoxy resin conposition for encapsul ati ng sem conductors according to
claiml or 2, wherein the carbon black has a nitrogen adsorption specific
surface area of 20 to 100 n2/g. 20 4. The epoxy resin conposition for
encapsul ati ng semi conductors according to any of clains 1 to 3, wherein the
content of unsieved conponents when the surface- treated col oring agent (E)
is sieved through a screen with openings of 25p mis O % 21 5. A

sem conduct or devi ce conprising a sem conductor el enent encapsul ated using
the epoxy resin %&@@@iwmwoa@%@slﬁaicﬁgﬂpﬂémar@ sgicopfucteraglament epcapsuiaed

using the epoxy resin composition according to any one of claims 1 to 4.

22



