EPOXY RESI N COVPOSI 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 conmposition 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, while_its performance has been inproved with respect to reliability
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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 ding these electrical failures, Japanese Patent Application Laid-open
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cm’/100 g. However, conventional epoxy resin compositions for semiconductor
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 um, 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,
the present invention provides an epoxy resin conposition for encapsulating
seni conductreatiog ghsrayrfacssd caskpn black bavipg PEP absorpBpn af Hikeral/10kgpnmofeC)  an
inorganic filler, (D) a curing pronoter, and (E) a surface-treated col oring
agent, 10 W@mm%@%@b@meﬁg’yé@@mg the fefares hecashmy preeursaredtineearbos a
carbon precursor with a carbon content of 90 wt% or nore or carbon bl ack
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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, nitric 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 S2cmto 1 x 107 Ocm 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 any one of above epoxy resin conpositions for

sem conduct or. encapsul ating. Sem conductor devices encapsul ated with the
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exhibit excellent laser marking characteristics, even with a small distance between

wires of 40 pm.

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, triphenclmethane 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-nodi fied 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 l|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 (A and hegfl.resin B), used in th j on of %3e pr esent
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resistance reliability, or the like of the cured products.
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 pum 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, diazabicycl oal 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, i m dazol e conpounds such as
2-met hyl i m dazol e, organic 5 phosphines such as triphenyl phosphi ne and
met hyl di phenyl phosphi ne, tetra-substituted phosphoniumtetra-substituted

borate such as.tetr honj un1 tetra Ib rate,
tetraphenyPBWBQ%%OJ%%WH@%E&QB Q0 RYO gf%p YF SBHBAVIdHYShoni um
tetranapht hoic acid bor tetr he honi um tet ranapht hoyl oxybor at e,
t et r apheny APREEHHERR aQH%( ]ﬁ% %&%E’r IXAUVES USRS | ke. 10 These

more. The. 48T BFTRSHSEh %Hf“&ﬂmﬁe’g%?{mmh%d'?ﬁf@gﬁ bl eRuBBRE RN g agent
conent of st R RAR: aR °§mh3%nda%§crl€’é’ s okt bl o 1007
the. col 37 %ﬁf’“‘{n%% S%%amﬁ%heﬁilﬁﬁﬁvﬁf R LR RIheREE sl Rk, °°
/90, and @psmh&rt'eéfa- UBiRP %@8&%9 %%éyl?h&ﬁv hfgLon precursor has a

specific r ance pre era cmo but less than |x

égfnhc?? g L S ga%ls.xnilg?
0 which FRRoRE SRS Rlonl B ARG h34 G ena‘%?‘%ﬁfé%é{g’ %ﬂgﬁﬁﬁtiti Stat o
HC ot o 1 arERTEpRR ] L SO AR R ST B T

hydroggp atT‘H@%c‘-‘&%@?}orﬁéteﬁs*P@ay%ﬁﬂ@dl‘eltﬁ&?rﬁh'vﬁﬁ’e[llyctﬁ i Cohbagi Y otWegent al
anal ysis are respectively 90°to 97 wt%and 2 to 25 wt % The carbon

precursor ggyyprises 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 1x10% Q-cm or
more, but less than 1x10” Q-cm. 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 limtations to the nmethod for producing the carbon precursor of
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surface afea are treated, the anount of surface treatnent is decreased,

resulting in a paMon®dcRGS suidble3idafBRRink A&t To Prod WG NthE kEloBh) ARy Particle
size of carbon is large, on the other
(E) from such viewpoints as coloring properties, shielding properties, heat resistance,
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 smatl, but the DBP absorption 1s 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 anount 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 relationship between the primary particle
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anount of nitrogen adsorbed on the surface of the carbon blfack in”an
particle diameter of 40 to 90 nm and a nitrogen adsorption specific surface area of 20
to 100 m2/g 1s 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 (rnzlg),
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,

chl orous acid, and permanganate is preferable. A common col oring agent
before surface treatment .is conposed of .very fine particl whi ch are
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treat ment. aflggoAd oy WeMAliAcLWRY nMenmbrane such as an ultrafilter nenbrane is
preferable to renove reduced salts generated by the 20 oxidation treatnent.

I'n thegurface- Wi theCdl HrgN@eAARND bednoxifized HendR RSB udetVRShitRpIt he
content of conponents that do not pass through a screen with openings of 25
m (her ei nabf eftracted water. In more detail, the completion of oxidation can be judged by
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 slurry through a filter with openings of 10 mor less, drying the

resi due, ah#etedohdispersing dhegol@ingrsiinn selsniye piedus a shury, filierngdhe or

obt ai ni ng col oring ent, wwth O % unsi eved conponents through a screen
with openi ﬁ@gy toroush b0 iy nseioss pb L4 Hare 1‘E§Sd#ryltnﬂéh“c’8ﬁlél=l?=ﬁﬁgﬁﬁ’églt“gi n slurry
conditions, is preferable, A prelimnary surface treatnent of, {he coloring
agent or alig FIP RrOgRCt £a b giyep 45 MegiadHer Sbipipdieca SadoriRg agent;ith bRt e ro

ensure good di sgersi on of the colori n&hggent inthe solvent. The oxidation

treat ment MSISYPEFAPRIcAtsthropgha seraeby SURES B Wike Afurfprediealieent so| vent

excel | ent | §F i SGRE BT DDy GREhiGra ceRTE CH - o PRy THRRE RS o ge and

oo Bl B YA Rk g, L. T
ISR R A b YO

the St o AL B 75T, b SO T
total amouRs o BRI SR 0 pEOIRASLLL Bt TG AT LACELSRIRY RLET NG agent

(E) in the anmoun ve range ensures an en orﬁ%g ef f ect

and ! 8P ST o APLRGLY B, M UhPLA N ShARILT S8l LA LEST g uch as @

short circ curren eaka 1 Ooh of W res due

aggr egat i OB“P%%{B% s%ﬁ?gsm&e@gef%;sl d?c%iok@ggﬁ&ﬁgféﬂg%go)?&%ﬂ&m%?ﬁﬁge

optionally added to epoxy resin conposi present ention.

Commonly  kpgu cﬁ’irilng,rl?r tﬁ@ﬁ'l&', iaﬂ(gth%gggﬁtltﬁlg%éﬁﬁ 1€Gufiit@%¥ing a crusher such as a
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 wt%, 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
éurrent 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,
v-aminopropyltrimethoxysilane, N-B-(aminoethyl)-y-aminopropyltrimethoxysilane,

25 N-B-(aminoethyl)-y-aminopropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltriethoxysilane, N-phenyl-y-aminopropyltrimethoxysilane,

N-fB-(aminoethyl)-y-aminopropyltriethoxysilane,

10



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 |l ane, N

3- (am noet hyl ) -y-am nopropyl tri met hoxysi | 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- (am noet hyl ) -y-am nopropyl tri et hoxysilane, 10

N- 6- (am nohesydinghexyl nbpmowprapyltrimethoxysiahane, N- (3
-(trimethoxysilylpropyl))-1,3 -benzenedi met hanane,

y- gl yci doxPpBosgmethprysilyipyepyilar el -benzgnedimetbanape.opyl t ri met hoxysi | ane,

y-gl yci doxypr opyl net hyl di net hoxysi | ane, 5 ] _

p- (3, 4- epoX abipsepylyiatherysilanger-Bbyridoky prapyltrivesthedysilaneet hoxysi | ane,
y-ureidoprop¥ltriethox silane, vinyltriethoxysilane, and the |ike. These

sil ane colElycidpxyprenynathdimethoxesilaget her i ndividual Iy or in combination of
two or nore. O these, secondary am nosilane and nercaptosilane are

pr ef er abl e P-Adraponrsyclobexyliegwdinmeghaxysilang methylrimethoxysilase coupl i ng agent is
used in the present invention in an 10 anpunt of 0.01 to 1 w% and nore

pr ef er abl y Yorgidorrgpxitrigthgxysilage, vimdtriegioxysilang. and the like. n el heprosilang esi n
conposition. The content of the si]ane coupling agent in this range ensures
good vi scoSPYRIINGREFMHE MY P Lpdeitharyingly aﬁéﬁfqu pAtioNOf W RHMEER  suppr ess

deteriorati of curability. These silane coupling, agents y optionally be
hydr ol yzed 0%3'1%&?9@%@1%%@96s%dmsaaptpaﬁpeaf? RIEfeEol A eh gp may be
treated with .15 an i.nqgrganic filler befare using. A conpound having an
aromat i c riSPFg"f%%IIV\AﬂFE d Sl&neﬁevlél%ﬂga@éﬁpse@ap resenbRV IR R dr oxy |

domposiD; oG e dane g Bt By SR fordk i SRR SEBEAT,
1727 hyar SRARRAIA ERBReiieh 2ahoeormitel eyt SRRt esret i WA vat i ves
of these C%M&ng%%d 9‘?3@03?@ c%iafﬁgﬁi'istgs and 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  aninorganic 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, pyrogallol,

1, 2-di hydr oxynapht hal ene, 2, 3- di hydr oxynapht hal ene, and the |ike are

pref erabl e. These conpounds may be used either individually or in

conbi nation of two or nore. These conpounds are added in an anmount of 0.01
to 1l w% and nore preferably 0.02 to 0.8 w% 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
deterioration of curability and properties of cured products. 11 Because

t he conmpound haBerraysatheapmpatndhavinmpn atomhtichng ikowhich e er mdjeamiparent car bon

at ons have hydroxyl groups bonded thereto can decrease viscosity and pronote
f 1 owabi | i t yarbén athms havplsirexyd gramps homded shagetotchn dedréase tvisapdity anderandlane
coupling agent, this conpound has an effect of suppressing a risk of large
particles gf)welahbmf th¢ ekp®itagdregwnergistie effecttwitipthe dildnetopupling apeey, | eads and
al so between wires. A releasing agent can be optionally added to the epoxy
resi n conpdus earappusfl hanen effrce gbsupprassiag e sk of Jargearaviénies ofratbion blaskwn

rel easing agent, for exanple, a higher fatty acid, netal salt of higher
fatty ati dagwegass-beingdrapged bewegeimng lewds-and glse beleenaxites- t he | i ke can be
used. These rel easing agents may be used either individually or in 10

conbi nati on of #wieleayingagent canfbe apbionallyrsidod i epexyygsia gomansitpriohdat ani c
acid ester-type wax are preferable due to the excellent releasability and
capabi | i t yPBsent iveplen.i ngy compgntionally known releassig aggnita fsiexampls) 2 highefh not
specifically limted, the releasing agent is added in an anmpunt of 0.05 to
3 wt % andfarasidymetad salhpfhigher faty acid, gpter-type Wagepalyathylenenbased wax, addoxy resin
conposition. 15 In the epgxy resin conposition of the present invention, the
epoxy resi Hi€ léﬁéﬁ% pe ujeds ror,hewsﬁfg%ms geents My be wsgd ie%er;%ml@lﬁx Of4Rd

Sl eSS COL LR et BF SRSl COmOReTLS e b lane
ediacent cabol 2\ar have RIChoANL, Aots, Londad, hereLopand the
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 silane
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 azole, triazole, triazine, and pyrimdine, a flame retardant such as a
brom nat ed epoxy resin, antinony trioxide, alum nium hydroxi de, nmagnesi um
hydr oxi de, appropridselyatlded. zi nc nol ybdat e, and phosphazene, and the like can be
12 appropriately added. The epoxy resin conposition of the present invention
can be producedTbgepiryresie nempediyomeiiche presént irvisoien erevhe moduteddy materi al s
using a mxer or the like, nelting and kneading the m xture using a heating
rol ler, a kpmagneousdy mixieg thelebovepshiiongdsaw meatirdsaiine amtixgrioakhe liked crushi ng
the resulting solid. As a nmethod for producing sem conductors by

encapsul at msdfinganddkgsadingthe mjniuee pung & heatiag rglgeraa knsaileroerdthe tilse, coelingrent

usi ng the epoxy resin conmposition of the present invention, a conventional
nol di ng’ anéhedinendrg materd dans rewshing the zsaltiag selid.di Aga methedrfeseiodveing| di ng, and
i njection nolding can, be used. 10 EXAMPLES  The present invention wll be
descri bed PeMmigBRAICHSS BY pnaspsuwdatingaBgus ¢lpqteomic pafs sHeh #0t SEPHCQEHEOF ued as
[imting the present invention. In the exanples and _conparatiyve exanpl es,

t he anmpunt §legent pang b EBTOHESIN £PBPPHHPR ok 1Be PEyeBaRYenEpn M cotsentionght . The
follow ng coloring agents, of which the surfaces are. either treated or

unt r eat ed, Mdiae gaderring methodsuchss dansdpdneldmgaromprsesienmaising and co| or i ng

ggsP}C%L C%%gggn2hﬁﬁﬁgggghgg“%_DBP absorption of 142 cnB8/100 g, a primary

10
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 ¢m’/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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di aneter of 60 nm 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
wi th openings of 25 mwas 0 wt% 25 (Coloring agent 2) Carbon black having a
DBP absorption of 105 cm 3/100 g, a primary particle dianeter of 42 nm and
a ni t r ogensabrsersaied vidpwciqgheaissalutian ef syddem df pathilarité by waest paBess.
surface-treated with an aqueous solution of sodium hypochlorite by a wet
process. Affeethetredacedslcwes realovedvasing empratiltershemybrane, warhoatbildckavasnenbr ane,
carbon black was caused to pass through a 5 mfilter, dried at 110C, and
ground i nt eausedte pass threugha 5 wwifdisr.alried@t MQ°C, amrgrownd ingcieaipandeley had a pH
of 2.9 and the amount of particles 5 unsieved through a screen wi th openings
of 25 m wadsiog adgemilli Chheextragtedgunier leyl amdt bloh9 Bndithe amprnhef pardEes absor pti on
of 158 cnB/ 100 g, a primary particle dianeter of 41 nm and a nitrogen
adsor pt?onué%@@gﬂhf@u%fmﬁfd@@ witle apesings of 2P v was0 Walr f ace-treated with an
aqueous sol utign of sodium hypochlorite by a wet process. 10 After the
reduced sal%olqHng agebdled using an ultrafilter menbrane, carbon black was
caused to pass through E]S mfilter, dried at 119C and ground into fine
particles usi n&aabOP%ﬂac ihaying #iBRabsemioe @1 W8 em /HARi e pmaw Partlend t he
amount of particl unsi eved through a screen with openipgs,of 25 mwas 0O
W% (Col o m&tea@galnwyari 4 pitogeTh Omi@eap%ﬁcmcweaogé?ﬁ%{gwwent of 96
w% a primary parti.cl. di aneter. of 3.nm. and a,yolu resistivity of Ix
106 11 - om oA irepise ity anidep s sphign of Seftiwd Bepashlaris B adfet BseM: um

peroxi (118 su Ixfkfftaeg ﬁlqudu%eg\gzglt \%sor%gl%%éd @gl}lge EI;.Il Llrt]r%ﬁ{tgrdrggn%grane, carbon black was

caused to pass through a 5 pum 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%.

(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 1 x10° 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 pm 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 um 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
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salt was renoved using an ultrafilter nmenbrane, carbon black was caused to
pass through a 10 mfilter, dried at 110C, and ground into fine particles
using a jet mll. 20 The extracted water had a pH of 3.2 and the anmpunt of
particles unsieved through a screen with openings of 25 gmwas 0 w %

(Col oring agent 5) Carbon black having a DBP absorption of 74 cn8/100 g, a
primary particle diameter of 78 nm and a nitrogen adsorption specific
surface area of 28 n2/g was 25 surface-treated with an agueous sol ution of
ammoni um per oxi desul fate by a wet process. After the reduced salt was
renoved usbpaigiclen using padtinnitler The extrasted watenhadra pHbpEER and thegmmwtiof 0 pass
through a 5 mfilter, dried at 110C, and ground into fine 14 particles

usi ng a j ePamticles unspereddhmopgle a seresiavish operdngs g5 A508m waglavith-t he anount of
particles unsieved through a screen with openings of 25 gmwas 0 w %

(Col oring HeelAting3genh®) car bon bl ack used for oxidation treatnent to prepare
the coloring agent 1. 5 The extracted water had a pH of 6.8 and t he anount
of particles undheghon hlagkgseddor eddation tigatmens frepriepdys thstcodayingmegaisl-0. 003
wt% (Coloring agent 7) The carbon precursor used _for the oxidation

treatnent t§e prEsigdvatehads i3 phy® aad Sipramountplpasti¢lppensigyedéiraveiiad a pH of

6.2 and the amount of .particles unsieved 10 through a screen w th openings
of 25 gm wadesn wak opgpesmiZaping was 983 Witesi n 1, phenol resin 1, nolten

2ent 1 cOUHPTRGIRIEA 1. coupl fng agent 2. 2. 3-di hydr exynapht hal ene, and a
el et a0 e BEOROL LoD SR AR 1S LS R XSGl o 2
materi al W%gen% 39' %ﬂe ggtgac(t:erduvﬁar}eer atd% p(i-PE)P 65 ahd the' amount & IiJa?'tic(:igsnBl(%lseiv%cil on. The
10 through a screen with openings of 25 pm 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
15 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.
20  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
evaluation 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.,

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

15



epoxy resin conposition obtained was eval uated according to the foll ow ng
nmet 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 skeleton of the following fornula (1) ("NC3000P" nanufactured
by N ppon Kayaku Co., 25 softenlng poi Rk epoxy equival ent:
273). 15 Q CHFH, CHI ON® e sin 1 was a
phenol ar al kyl resin ; p he ("¥ol | owi ng fornul a
(2) ("MeH 7851 SS", uf actlured by Meiwa Plastic Industries, 5 Ltd.
softening point: 107C, hydrokyl equivalent: 204). hH CH, 0 CHz O H (2) n
Mol ten spherical silica 1 has an average particle diameter of 23 urn, a 10
maxi num particle dianeter of 75 gm and a specific surface area of 3.5 n2/g,
nol ten spherlcal silica 2 has_ an average article diameter of 0.5 gm a
maxi num part i cl Bheno} gesingk wasa ghgnolasel »l@%.;e pYing adiphearlengsksletasy ofghg np/ g,
curing prog?ter 1.is an_addition gro uct _of trlpheny hosphi ne  and

1,2- benzoath ies By 2 Vg 155’ mamw i BiBrisprustries

trimet hoxy 4 ("KBN}ng' nyf acf ur ed by Shln Etsu 15 Chem cal Co.

Ltd.), éoug1 gipont: foxheabyadssts A¥i-met hoxysi | ane (" KBM 803"
manuf act ur ed by Shln Et su Chenlcal Co., Ltd.), 2,3-dihydroxynaphthal ene is
a reagent manufactured by Kanto Chental Co., Inc., and the rel easing agent

is nontanic acid ester wax ("Licolub WE-4" nangi‘ctured by
OH .

LR ORCRLRS

H (2)

Molten spherical silica 1 has an average particle diameter of 23 um, a
10 maximum particle diameter of 75 pm, and a specific surface area of 3.5 mz/g, molten
spherical silica 2 has an average particle diameter of 0.5 um, a maximum particle size
of 75 um, 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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C ariant Japan, Ltd.). 20 <Evaluation nethods> (Spiral flow) Using a

| ow- pressure transfer nolding nachine, the die for neasuring 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) Torque was neasured using a curastoneter ("JSR Curastoneter |V
PS- Type" 5 manufactured by Orientec Inc.) at 175C. The curability was

i ndi cated by a quotient obtained by dividing the torque neasured after 60
seconds bythetrenditioouef axia sammdatumfafdi75%0 (njsaparmiessurEhod 6l BMfer andveringl ue, t he
better the curability. (External appearance (color of cured product)) 12
packages ofing@pOBPs¢coustoxdetedmimn thtflownkstaicewer e prepared by formng 10 the
resin conpositions using a | ow pressure transfer nolding nachi ne under the
condi ti ons(ofrabilile t emperature of 175C, injection pressure of 6.9 MPa, and
curing tinme of 70 seconds. External appearance (color of the cured product)
was inspected Byrave s@ameapied yarg dpuragiymeler Q48R GrasometepPoBerlypes) 15 Sone
pi eces of 80pQFP (thickness: 2.7 n% were forned usi_ng_ a | ow pressure
transfef nilaaPRguRIY Gecnierdae.) ehE/ Tondilhe ewabibity wagindicaiedbr eguaiientof 175C,
i njection Br_essure_qf. 6.9 MPa, and retention tinme of 120 seconds, followed
by post - cupPiaied by dividiog theytopiug sagasureEatigr0rserandsby chederave serapyredar ki ng at a
voltage of 2.4 kV and a _pulse width of 120 s using a nask type YAG | aser
seal machi ABer3PAsaeonds-ur Bhe IBigepthenplieche petterithe aabilitt e visibility of
printing (YAG | aser marKi ng1 property). Sanples wth a good marking were

i ndi cat ed bxtegel apppryance(relar of reedpradvaibki ng wer e

12 packages of 80pQFP (14x20x2.0 mm thickness) 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 (“BXS51M-53MF” manufactured by
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indicated as "A", and those wth an unusable marking were indicated as

(Eval uation of aggregates) A disk with a dianmeter of 100 mm was forned using
a low pressure transfer 25 nol ding nachi 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

m croscope ("BX51 M 53MF" manufactured by 17 A ynpus Corp.) to count the
nunber of aggregates of coloring agent with a size of 25 pmor nore. (High
tenperature | eakage) 100 pieces of 144pTQFP with gold wires, each having a
di anet er oflB0pys CEPH dmewut thy numbseof 3ggesgatss of eslorishiagest witbesérstdf 28l y havi ng
an interval of 80 m 60 m or 40 pm were forned and encapsul ated with the
resin conpésl imeicof Exanple 1 and the sane resin conposition as that of
the Exanple 1, but not containing the coloring agent 1, using a |ow
pressure t (ASASPPeAE lsakagakhi ne under the conditions of a die tenperature
of 175C, injection pressure of MPa, and retention tinme of 90 seconds.

7.8 : .
10 The | eak cur f8hpicrsolFdApTRER withigeld wires, cackuhavinges dinmotgoal 3wmmuf act ur ed

by Advantest Corp. Hi gh tenperature | eakage was eval uated by conparing the

medi an 3 vaboededrto thraktypery ofdpt chips.respecisyely havingamintery of 86 1. ROt OFat  of

the conparative sanples not containing the coloring agent 1. The results

wer e i ndi c4Pedn, yéere formagh apd eneppsudateshith theggeincemppsiieroblexamaple y apd e of t he

ARG SRR T T R

S 2, B BBt R a0 AL er b S LB OO) Bpeckage of

T o el Sal TONE, kR SEHal2 00 A e Lot 8P 00

condi t i18ns T%]:e 18k current was measured using a microammeter “8240A” manufactured 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

15  sample product showed a one order (x 10) higher median value, and as “x* 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 um, 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)x 100) was

25  greater than 3%.

Examples 2 to 5 and Comparative Examples | to 4

Epoxy resin compositions were prepared in the same manner as in Example 1

18



die tenperature of 175C, injection pressure of 7.8 MPa, and retention tine
of 90 seconds. The wire sweep rate was neasured using a soft X-ray
apparatus ~ PRO TEST-100" manufactured by Softex Corp. Sanple products were
rejected when the maximumw re sweep rate ((wire sweep anmount/wi re | ength)x
100) was 25 greater than 3% Exanples 2 to 5 and Conparative Exanples 1 to 4
Epoxy resin conpositions were prepared in the sane nanner as in Exanple 1
18 fromthe conponents shown in Table 1 and evaluated in the same nanner as
in Exanple 1. The results of evaluation are shown in Table 1. Epoxy resin 2
is a bi phéuey thegomponants shovh X T40e 0 andwmalhizted Uy thd sipye dmpeer aEpoxy Resi ns
Co., Ltd., epoxy equivalent: 190, nelting point: 105C) shown by the

fol | owi ng fEaampleal. ( 3he regiltepf exalpatiogs-shomn io Table 10- Epex0esim,2 $3) CH2 CHI
Phenol resin 2 is a phenolaral kyl resin ("XLC LL" manufactured by Mtsui
Cheni cal s, biphenyl ergwy i (“YXANPOR anyacirrd byilssan Hpexy Resigsdint Ltdz9C) shown
by the 10 following formula (4). O4 -\ HCHR2-{ CJ }-CH QH (4% n Curing
pronot er 2 CPEXRIGU | 19Rosphing @omt:A@5Feshopabyfthe followingiprpla (35 Cheni cal
Industr;s/ Co., Ltd.). 19 TABLE 1 Exanpl e Conparative Examle

CH, CH,
CH;—CH—CH, 0 @ @ O— CH,—CH—CH, (3)
N’ ~N 0/
C]'[g CH,

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

10 following formula (4).

OH H

cnz-@— CH, H @

n

Curing promoter 2 is triphenylphosphine (“PP-36(" manufactured by KI
15  Chemical Industry Co., Ltd.).
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123451 234 Epoxy resinl1l 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 Mblten spherical silica 2 100
100 100 100 100 100 100 100 100 Curing pronmoter 1 3 3 33 3333 Curing
pronoter | 5 Coloring agent 1 3 3 Coloring agent 2 3 Coloring agent 3 3
Coloring agent 4 20 Coloring agent 5 3 3 Coloring agent 6 3 Col ori ng agent
7 20 Coupling agent | 222222222 Couplingagent 211111 111
2,3-Dih drox a hthalene I I 1 111111 Releasinaent 222222222
Spiral flow cm 158 151 158 150 159 1B%BhHg 152 128 Curability 0.72 0.74 0.74

0.73 0.68[0. 70 U. 78 U. 07 Of 70 APPEAIZIR: (CO 0T Of Jeur e aP ey Opr oo O
product) [YAG | aser markingf OO0 A O U0 0 A4 10 £yt ep Agggedgargs [ ngmber
of 000 B U bAnP0 | 85 | 8 | 85 | 75 | 97 | 8 85 | 75
Epoxy resin 2 47
Phenol resin 1 53 53 53 46 59 53 53 46
Phenol resin 2 41
Molten spherical silica 1 750 750 750 750 730 750 300 750 750
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 2 2 2 2 2 2 2 2
Coupling agent 2 1 1 1 1 1 1 1 1 1
2,3-Dihydroxynaphthalene 1 1 1 1 1 1 1 1 1
Releasing agent 2 2 2 2 2 2 2 2 2
Spiral flow {cm) 158 151 158 150 159 156 148 152 128
Curability 0.72 0.74 0.74 0.73 0.68 0.70 0.78 0.67 0.70
Appearance (color of cured
PP pm(duct) olololo|lolo]lo]| o]l o
YAG laser markin
oropertics € O O O A O O O O A
Aggregates (number of 0 0 0 8 0 2 1 43 100<
aggregated particles)
High temperature leakage
(80 um) O O O O G O O X O
High temperature leakage
(60 um) C O O @) O A A X O
High temperature leakage O O O O O % x w O
(40 )
Wire deformation O O Q O O O @ Q X

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.

20



aggregated particles) H gh tenperature | eakage (80 OO OOOOOXO mHigh
tenperature leakage OO O OOA A X O (60 mH gh tenperature | eakage O O O
OOx x x lun) (40 OWre deformation 0 OO0 0 0 0 OO0 X 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 wire deformation, the epoxy resin conposition is
parti cul ar Whatisidssmeé £ or  produci ng surface nmounting-type seniconductors
wth a small distance between wires. 20 What is clainmed is: 1. An epoxy
resin composition for encapsul ati ng sem conductors conprising (A an epoxy
resin, (B) a phenol resin, (C an.inorganic filler, (D) a curing, pronoter,

5 and (E) a surfotReROXEIEEY CUBPSHHNAOR gRsapsulating semcondicters comprsnggent
before the surface treatpnent, is a carbon precursor wth a, carbon content of
90 Wt % or ko POXY S B) HPheae! wsin (g an imppante EHem (P cwingmemetss/ 100 g or
nore. 2. The, epox esin _conposition for sem conductor encapsul ating

accor dihg aes (£ rtasenirepted grbarinepee e WBeie -0 CPIOBRE AR br OTEHE SUHaAT | on

treatnment. 3. The epoxy resin copposition for a | ati ng sem conductors
accor di ng {T&AtMEPLS icir)i’BP p?‘;cuWHEWgBﬁ Br‘:o’étf{‘tr‘grrcb@é’g‘%i’b‘ﬁ?{%c Race-treat ed

col oring 2B hzgvl% g Q %%Paabsgrp 1f01% P TE'OO clrr%/ 100 g or more.

2. The epoxy resin composition for semiconductor encapsulating according to

10 c¢laim 1, wherein the surface treatment is an oxidation treatment.

3. The epoxy resin composition for encapsulating semiconductors according to
claim 1 or 2, wherein water extracted from the surface-treated coloring agent (E) has a
pHof2to 5.

15

4. The epoxy resin composition for encapsulating semiconductors according to
any of claims 1 to 3, wherein the surface treatment is an oxidation treatment using an
acidic liquid containing one or more acids selected from the group consisting of a
peroxodisulfate, hydrogen peroxide aqueous solution, sulfuric acid, nitric acid,

20  hypochlorite, chloric acid, chlorous acid, and permanganate.

5. The epoxy resin composition for encapsulating semiconductors according to
any of claims 1 to 4, wherein the carbon black has a primary particle diameter of 40 to
90 nm.
25
6. The epoxy resin composition for encapsulating semiconductors according to

any of claims 1 to 5, wherein the carbon black has a nitrogen adsorption specific

21



4. The epoxy resin conposition for encapsul ati ng sem conductors according to
any of clains 1 to 3, wherein the surface treatnent is an oxidation
treatment using an acidic liquid containing one or nore acids selected from
the group consisting of a peroxodisulfate, hydrogen peroxi de aqueous
solution, sulfuric acid, nitric acid, 20 hypochlorite, chloric acid,

chl orous acid, and pernmanganate. 5. The epoxy resin conposition for
encapsul ati ng sem conductors according to any of clains 1 to 4, wherein the
carbon bl ack has a primar p9rtic|e dianeter of 40 to 90 nm 25 6. The
epoxy resiﬁﬂ&@ﬁpﬁ@KﬁQ@ﬁJié}mdhcapsulating semi conductors according to any
of clains 1 to 5 wherein the carbon bl ack has a nitrogen adsorption
specific 21 surface area of 20 to 100 nR/g. 7. The epoxy resin conposition
according to any of clainms 1 to 6, wherein the carbon precursor has a
specific resist ﬁnﬂ@ QPPXY regimeEmpgsitiop gegording eyamyefrplaims d to phwhessindhe r esi n
conposition for encapsul ati ng senjconductorszaccordin%gto any of clains 1
to 7, wher 64THoR pecwser has @ specilimEpisipage elohpdAeRtan whker U femsur f ace- t r eat ed
coloring agent (E) is sieved through a screen with openings of 25 mis O
wt% 10°9. A sem conductor device conprising a sem conductor el enent

encapsul ated usihg the epoxy resjn conposition according to any one of
claims 1 to 8. 8olheepoxy resin composition for encapsulating semiconductors according to

any of claims 1 to 7, wherein the content of unsieved components when the
surface-treated coloring agent (E) is sieved through a screen with openings of 25 pm is
0 wt%.
10
9. A semiconductor device comprising a semiconductor element encapsulated

using the epoxy resin composition according to any one of claims 1 to 8.
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