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DESCRIPTION CARBON BLACK COLORING AGENT FOR
SEMICONDUCTOR SEALING MATERIAL AND METHOD OF _
MANUFACTURING THE SAME 5 TECHNICAL FIELD The present
invention relates to a carbon black coloring agent suitable as a black
coloring agent for a semiconductor sealing material resin composition, and
a. method of manufacturing the same. 10 BACKGROUND ART An
increase in performance and function of electronic instruments has been
increasingly demanded with thgasivaipafityg multimedia era. To deal with
this demand, an IC package used for electronic instruments has been
reduced in size and 15 thickness and provided with an increased number
of pins. A semiconductor chip is formed by sealing the entire IC chip with
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used at present as a sealing 20 material for a semiconductor IC chip. The

epoxy resin sealing material is roughly divided into a transfer-molding

THEepdrasirBddling material and a liquid epoxy resin sealing material.

Since the liquid epoxy resin sealing material is limited in its application,
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In.recent rs, the liquid epoxy resin sealing material has become used
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package or a chip scale package (CSP). Along with a demand for a

further reduction in size and thickness of i

BACKGROUND ART

An increase in performance and function of electronic instruments has been
increasingly demanded with the arrival of the multimedia era. To deal with this
demand, an IC package used for electronic instruments has been reduced in size and
thickness and provided with an increased number of pins. .A semiconductor chip is
formed by sealing the entire IC chip with a sealing material in order to protect minute
and complicated electronic circuits formed on the surface of the IC chip from dust or
moisture in the air or from exﬁemal force. |

An epoxy resin sealing material is most widely used at present as a sealing
material for a semiconductor IC chip. The epoxy resin sealing material is roughly
divided into a transfer-molding epoxy resin sealing material and a liquid epoxy resin
sealing material.  Since the liquid epoxy resin sealing material is limited in its
application, the transfer-molding epoxy resin sealing material has been mainly used.

In recent years, the liquid epoxy resin sealing material has become used
particularly as a sealing material for.a state-of-the-art semiconductor device, such as a
plastic pin grid array (P-PGA), a flip-chip, or a chip size package or a chip scale

package (CSP).  Aleng with a demand for a further reduction in size and thickness of
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semiconductor devices, a demand for a potting molding method using the
liquid epoxy resin sealing material is expected to be increased. A
semiconductor resin sealing material generally contains a resin, a curing
agent, a curing accelerator, an inorganic filler, and the like. JP-A-8-81544
discloses a liquid 5 resin seating material containing, as essential
components, (A) an epoxy resin, (B) a curing catalyst consisting of (a) an
aluminum compound containing an organic group and (b) a silicone
0 § . ‘ :
ey ab e g ok Bona oSl e sh e Rl s
resisiiedipoyvaterialos exaseple.1d @ Ausasiganductor resin sealing material is
usually colored black in order to prevent an electrical failure caused by a
photosfreigeadueiiransigeaatisgetyitren Bgheisllasplisdnoaesin, a curing agent,
semiconiuctor chip. As the% ck colorinq.agent g:arbon black which o
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resiﬂrge\é%téoﬂx)aml Q%%&Wﬁ%,yagsc%geﬁﬁlac%%eﬁgggm Cf%r Sﬁagggxrf %jzr:%in, {B) a

composition which provides a 15 uniform degree of blacknes
curidP-xtdBR0 BB whigclases arsemichnecian 5eainsasimifRMPOSIIAN: group

containing an epoxy resin, a phenol resin curing agent, a curing
and 46 elsratonc garmsngahiy filfepranmdoibondiackiad esgenting at least one OH
comgg‘ngﬁnt& %%Z carbon black hayving an average 1?article giameter of 10 .
S48 PO MY YR AEEAR L AMtE et B hBEplRtalfodmst Spsilica
povéigp fﬂ?é&aﬁfg,%a pH of 6.5 to 8.5, the composition containing the 20

carbon black in‘an amount of 0.05 to 1.0 wt% of the total amount of the

compasitiRandociexampie sévihen tisiegdarbankiackasola PRek GRIAG to
agent, it is important that the carbon black exhibit excellent dispersibility
prevyanthenrelsiviraiad el wintresydspesieeldrinducedsinvwith ganeagtpe gdtimglight is
uring curing of the resin. However, the carbon bjack is in 25 the form of
oonfighyin

AR RS hd iRiste s hin RGERIRBR A5Gntarate iRlagickhich
ethgﬁrs Qii&lff&lpéﬁgﬁiﬁ ﬁFS&H%%‘QH@%@ﬁW%Q%&%&%J& i .%gevention) has

aggregating properties. For example, when using this type of carbon

beeblathethawdrbonblackitsosisiie@ggeadate resin composition which provides a
uniform degree of blackness, JP-A-2000-7894 discloses a semiconductor sealing resin
composition containing an epoxy resin, a phenol resin curing agent, a curing accelerator,
an inorganic filler, and carbon black as essential components, the carbon black having
an average particle diameter of 10 to 100 nm, a specific surface area determined by a
BET method of 50 to 500 m%/ g, and a pH of 6.5 to 8.5, the composition containing the
carbon black in an amount of 0.05 to 1.0 wt% of the total amount of the composition,
for example.

When using carbon black as the black coloring agent, it is important that the
carbon black exhibit excellent dispersibility in the resin and be minutely dispersed in the
resin without aggregating during curing of the resin.  However, the carbon black is in
the form of very minute particles and exists as an aggregate or agglomerate in which the

minute particles are three-dimensionally bonded due to high aggregating properties.

For example, when using this type of carbon black, the carbon black tends to aggregate
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2 during curing of the resin composition. As a black composite particle
powder for a semiconductor sealing material exhibiting a high degree of
blackness, moisture resistance, flowability, and coloring properties and
having excellent dispersibility in a binder resin, JP-A-2003-226823 5
discloses a black composite particle powder for a liquid semiconductor
sealing material containing a black composite particle powder having an
average particle diameter of 1.0 to 30.0 m, in which the surfaces of
duriigendar Baticlesiarenaaisdth an adhesive and carbon black adheres
to the coating, the amount of the carbon black adhering to the coating
beingslach kR partepbyitweaighisléopd@dgpaftts by seeigindiither exctdinge ma@rial
DISCLOSURE OF THE INVENTION However, since the black composite
exhibifingetoBighlegrss sde bt kopin ponswe ae st ¢o darad bive sadngploring
the surfacéﬁlof.the ext rgdeir rticles.such as fine,silica par
prog 1€5. arl \émg exceh €11 % ﬁr%}aicktjfoln mge resf%, a

icles i
€sive and cadsing the ca adhere f6the t%;' ‘é‘éli\lg)e&'%%&}
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the black composite particle powder with a resin and a curing agent in
conaiignda bbicirampesiiepaditdtopeediinharatesiabwiripe pedkndpenateref 1.0
may be limited depending on the adhesive. Moreover, furnace black,

to Hheme! BIadKch cbeysaradsmek cotemderirariiclgraraganted wishiie edhssine and
lack for the adhesio treat[nent and modification oféhe ﬁo arbon black b
carhon Hlagk adhgres 1o e COANE IS amaket of the. caybon Black dhgrmg fo the
o oy ” o
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when carbon black is subjected to wet oxidation using sodium persulfate
or ammonium persulfate, and terminal hydrogen of a carboxyl group on

DISké QuifAde GF thERANYISAIBIACK particle formed by wet oxidation is
gy amen e cben ok IS OB AP BRI
JP-A-2003-226823 is produced by coating the surfaces of the extender particles such as
fine silica particles with the adhesive and causing the carbon black to adhere to the
adhesive coating, the carbon black may be removed from the adhesive when mixing the
black composite particle powder with a resin and a curing agent in order to obtain a
semiconductor sealing material, or the use temperature may be limited depending on the
adhesive. Moreover, furnace black, channel black, acetylene black, or the like is
directly used as the carbon black for the adhesion treatment, and modification of the

carbon black is not taken into consideration.

The inventor of the present invention conducted extensive studies on the surface

- properties and on surface modification of carbon black. As a result, the inventor has

found that, when carbon black is subjected to wet oxidation using sodium persulfate or

ammonium persulfate, and terminal hydrogen of a carboxyl group on the surface of the
carbon black particle formed by wet oxidation is replaced by ammonia, the carbon black
exhibits improved dispersibility in a resin component, does not aggregate during curing

of the resin, and forms a semiconductor sealing material having excellent shading



of the resin, and forms a semiconductor sealing material having excellent
shading 3 properties and a high volume resistivity. The present invention
has been completed based on this finding. Specifically, an object of the
present invention is to provide a carbon black coloring agent suitable as a
black coloring agent for a semiconductor sealing material, exhibiting

propeXealiant dispetsiRility Fasangsi component, and capable of forming a
semiconductor sealing material having a high volume resistivity and

exceikenteshadingeptopdrtie beandanpliethb tasfdoanihiadtuding. tipesdinallynan
order to achieve the above object, there is disclosed a carbon black

objeebifrihg PagsAE 1BY SNEMIESAdURIBHS & SR Masiac Hanivg 38tk ikl srps a
whi rminal _hydrogen of a carboxyl group formed on a surface of a
L R b e ek SRR IR SRR Bcoten

disp@dipienRium pessiifatarisseniacadivpmmatiaoanthhavibgr did i & QdRting
8.0. In a first aspect, there is provided a method of manufacturing a

matesidmvibigekhigblvoilgragesistionty sedvisoribuctaradaatingpmatesainthe method
method comprising: subjecting carbon black to wet oxidation in a sodium
of mapplagiurng AR S olution or an ammonium persulfate aqueous

solyti i Ci I dgignizati ing am ia . .
R S O R S P R v
agentarbion blagkdehraeswikhaRemeatas AUriiAgEhe sthieyuRy I@MONIAY terminal
foreign matter from the slurry, and drying and grinding the carbon black.
hydrirgendidciosarbanetrgiduh&varsonrbiask Sbjedtedtobdry biridatiorinle by wet
.. advance may. be subje]é;ted to wet oxidation. In another disclosed method,

OXida O RS ET R HURY (AN BOBiRY K e PSR! BRAEIPYoARE oma, and

havif?ﬁ(ig fiogr AsGQreling to the disclosed embodiments, a carbon black
coloring agent suitable as a black coloring agent for a resin composition,

exhibiiingexopkent tigpersipilitidsd a method of manufacturing a carbon black

coloring agent for a semiconductor sealing material, the method comprising: subjecting
carbon black to wet oxidation in a sodium persulfate aqueous solution or an ammonium
persulfate aqueous solution, removing reducing salts by deionization, adding an
ammonia aqueous solution to adjust the pH of the slurry to 4.0 to 12.0, causing the
carbon black to react with ammonia, purifying the slurry by removing foreign matter
from the slurry, and drying and grinding the carbon black.

In a disclosed method, the carbon black subjected to dry oxidation in advance
may be subjected to wet oxidation.

In another disclosed method, a surfactant may be added when subjecting the
carbon black to wet oxidation.

According to the disclosed embodiments, a carbon black coloring agent suitable
as a black coloring agent for a resin composition, exhibiting excellent dispersibility in
the resin component, aggregating to only a small extent during curing of the resin

composition, and capable of forming a semiconductor sealing material having a high
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the resin component, aggregating to only a small extent during curing of
the resin composition, and capable of forming a semiconductor sealing
material having a high 4 volume resistivity and excellent shading
properties, and a method of manufacturing the same can be provided.
BEST MODE FOR CARRYING OUT THE INVENTION 5 The carbon
black used in the present invention is not particularly limited. Various
commercially available products such as furnace black, thermal black,

vofBAERRL SRR o AR REAMIPR BIAE RO RS RGP AARIAKuring the
coloring agent for a semiconductor sealing material of the present

saiiiwventiba pterdadil hydrogen of a carboxyl group among functional groups
on 10 the surface of the carbon black particle formed by wet oxidation of
the carbon black using sodium persulfate or ammonium persulfate is

N Vg
doesfot (eagdregale duiing Lurng,iiNg FRRRYNIESIE Qgtr%ﬁ%mgﬂy lmited.

terminal hydrogen of a carboxyl group formed on the surface 15 of the

VaGaikam hiaekcpaliicleabiytienpraniaisan@iagiuiiingc el i, ahtae AR, channel
black to 3.0 to 8.0. A semiconductor sealing material formed by using an
blasoxydrasity teom plasitioryibausieth the carbon black coloring agent is

disper dex ibit ellent performance such as xcellent shading .
ot BB SR s R oGRS O HO P B 2t the
préé%li{%ﬂv&ﬂ%ﬁe%ﬁﬁ dﬁ fr éﬂ%ﬁééﬁ%&t& (422D a5k RERHIRI Yroups on

pigments”. The carbon black™coloring agent fof a semiconductor sealing

thenal@ital iF MakEfBeiUbEEDpstlieciightdesarbarchldeide wethexideinan black
by stirring and mixing the carbon black in a sodium persulfate aqueous

usisg| gﬁ@mmmaﬁm@mimﬁa&ﬁms‘d@eéﬁﬁmmw ATV reducing
salts yd on, adding a aon s,25 solution reaction t
e TR i T BTSSR o AT i RO, vention exhibits

excellent di-spers:bllzty in an epoxy resin and does not reaggregate during curing of the

“epoxy resin by replacing terminal hydrogen of a carboxyl group formed on the surface

of the carbon biack particle by ammonia, and adjusting the pH of the carbon black to 3.0
to 8.0. A semiconductor sealing material formed by using an epoxy resin composition
in which the carbon black coloring agent is dispersed exhibits excellent performance
such as excellent shading properties and a high voluine resistivity.

The pH of the carbon black is the value measured according to JIS K 5101
(1991) “Test methods for pigments”.

The carbon black coloring agent for a semiconductor sealing material is
manufactured by subjecting the carbon black to wet oxidation by stirring and mixing the
carbon black in a sodium persulfate aqueous solution or an ammonium persulfate
aqueous solution, removing reducing salts by deionization, adding an ammonia aqueous
solution reaction to the mixture, causing the carbon black to react with ammonia,
purifying the shurry by removing foreign matter from the slurry, and drying and grinding

the carbon black.
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purifying the slurry by removing foreign matter from the slurry, and drying
and grinding the carbon black. 5 As the carbon black oxidation method, a
wet method and a dry method may be used. It is preferable to use the wet
method from the viewpoint of uniformly oxidizing the surface of the
carbon black particle. As the wet medium used for wet oxidation, water,
alcohol, volatile oil, or the like may be used. It is preferable to use
inexpensive 5 and safe water. The following description is given taking the
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of the carbon black is performed in order to modify the carbon black,
usedWhichiopginatlylbas inydiephebicshsidceproperiaspémbayadiggiaphdiGdizing
surface properties. The wet oxidation is performed by dispersing the
the saraon blabk iertbe0 Budlupipmisulfate Hruesusisdiutionssd dntavanoridation,
persulfate aqueous.solution as an oxidizﬁin agent, and stirring the,mixtu_re_ ]
waidy i rdafﬁét% Skfd%i%é‘é‘érﬂl%r‘i’ée‘ﬁ_ﬁ noﬁ%_*ﬁﬂ@fﬁ&%épam?ewawm
andtélﬁé'%%téfi"sﬁ?eakﬂlf‘d%ﬁ%%&% A 1‘%‘68R@"%?Jé%(‘%&8§§'tﬂéo&‘z%% ?l{%lﬂqgs\ﬁter as
hydroxyl group and a carboxyl group, to be formed™on the surface of the

the sarkariblackspartielen iz It is preferable to use carbon black subjected in
advance to dry oxidization by heating the carbon black at an appropriate

tempesattiie usilengab ébusalidiziPlgdgenpsiiomad air, odygen, mediig, the

NOR, or SON, since wet oxidation proceeds more effectively. The carbon . .
Cafba_faﬁaséq‘f?mhra%w lé’j@é_ﬁ“éfrﬁ‘ﬁ?ib‘f%bé‘ffé‘&f%ﬁxpwﬂﬁﬁwwﬂ diitig hydrophilic
surfgﬁ% QP&%'” Wﬁé%@ty&g&jc\'{?gnqiﬂé@g}ﬂ#tdtgy;Qﬁsggg%?ﬁBgE:S(M)f Slack in a

aqueous solution 20 or ammonium persulfate aqueous solution when

sodiskbjestingdfesgacbon Ppclkiooveh ardatignm\sdRalsHE agiantisaD RGNS an
surfactant, nonionic surfactant, or cationic surfactant may be used. As

ox1B%iaug p@@bﬁm@a’m@m@hsuﬁiqévamtmgpmﬂd@amx@kyﬂm alkytatyation,
tlmezﬁgggtg%%}l%ﬁga’lngk%@ }?&Ign e%m];pg:gfti%hg;}%llé%llggslfﬁgg;[gf)}%l}?{lzkﬂncﬁonai aroups,
such as a hydroxyl group and a carboxyl group, to be formed on the surface of the
carbon black particle.

It is preferable to use carbon black subjected in advance to dry oxidization by
heating the carbon black at an appropriate temperaturel using a gaseous oxidizing agent
such as-air, oxygen, ozone, NOy, or SOy, since wet oxidation proceeds more effectively.

The carbon black can undergo wet oxidation more effectively by improving the
dispersibility in water by adding a surfactant to the sodium persulfate aqueous solution
or ammonium persulfate aqueous solution when subjecting the carbon black to wet
oxidation. As the surfactant, an anionic surfactant, nonionic surfactant, or cationic
surfactant may be used.

As examples of the anionic surfactant, a fatty acid salt, alkyl sulfate, alkylaryl
sulfonate, alkyl naphthalenesulfonate, dialkyl sulfonate, dialkyl sulfosuccinate, alkyl
diaryl ether disulfonate, alkyl phosphate, polyoxyethylene alkyl ether sulfate,

polyoxyethylene alkyl aryl ether sulfate, naphthalenesulfonic acid-formalin condensate,

polyoxyethylene alkyl phosphate, glycerol borate fatty acid ester, polyoxyethylene
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25 diaryl ether disulfonate, alkyl phosphate, polyoxyethylene alkyl ether
sulfate, polyoxyethylene alkyl aryl ether sulfate, naphthalenesulfonic
acid-formalin condensate, polyoxyethylene alkyl phosphate, glycerol
borate fatty acid ester, polyoxyethylene 6 glycerol fatty acid ester, and the
like can be given. In the semiconductor application, an ammonium salt is
preferably used as the salt. As examples of the nonionic surfactant, a
polyoxyethylene alkyl ether, polyoxyethylene alkyl aryl ether,

alycPRIY B RYIE0GLXYRIQRYIRE DIRG GPAYMEE i SOIRIBRIAI A Plication,
ester, polyoxyethylene sorbitan fatty acid ester, glyceride fatty acid ester,

an apalyoxyetyienealikyldinehanibniafiuorine or silicone surfactant, and
the like can be given. As examples of the cationic surfactant, alkylamine
salt:fuatendey aphnibpiuransae peBriathylenealkykasindermdthel likeer,
can he given. 10 In the carbon bjack slurry prepared by subjecting the
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aggregates in the slurry due t0 a decrease in water dispersibility |

estereiiging aakifein sl iaduiced oy dheoxsidationkeagignatemdtthe like
removed, the reducing salts are removed by deionization by using a

can Bepaieition 15 membrane such as an ultrafilter membrane (UF), reverse
0SMosis membra}n? (RO. membrane), or %n electrodialysis membrane.

Thé AEGHTRAD i< s SRILBR, PEREHRE R BRI bR HGE AR onium
salt, REEAMES KA SRR IS nhaR the carPanblagk concentration in the

slurry is 3 Wt%, fof example. An ammonia aqueous solution is then added
to the warkarbbiatkasiursinagdihp a2l bixtyiejischeatad: anaei rBRdR to wet
_ replace terminal hydrogen of a carboxyl group on the surface of the
oxidghpgoln bheckoghrmcrefornde Hpamtosabiationbyaamaonia. R PHofameus
resulting carbon black coloring agent can be adjusted to 3.0 to 8.0 by
soluliogh SHRG e S8 SR BOR SHAR SRPRP oMY thHS MOaRSTHESE oo ater

dispdriBiii e RELORD alts in the sturry produced by the oxidation reaction are not
remioved, the reducing salts are removed by deionization by using a separation
membrane such as an ultrafilter membrane (UF), reverse osmosis membrane (RO
membrane), or an electrodialysis membrane. The deionization is preferably performed
until the electric conductivity becomes 200 puS/cm or less when the carbon black
concentration in the slurry is 3 wt%, for example.

An ammonia aqueous solution is then added to the carbon black slurry and the
mixture 1s heated and stirred to replace terminal hydrogen of a carboxyl group on the
surface of the carbon black particle formed by wet oxidation by ammonia. The pH of
the resulting carbon black coloring agent can be adjusted to 3.0 to 8.0 by adjusting the
pH of the carbon black slurry during this reaction to 4.0 te 12.0. If the pH of the
resulting carbon black coloring agent is less than 3.0, since the terminal hydrogen of the
carboxyl group on the surface of the carbon black particle is replaced by ammonia to
only a small extent, the carbon black coloring agent may aggregate during curing of a

resin composition when preparing a resin composition using the carbon black coloring
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resulting carbon black coloring agent is less than 3.0, since the terminal
hydrogen of the 25 carboxyl group on the surface of the carbon black
particle is replaced by ammonia to only a small extent, the carbon black
coloring agent may aggregate during curing of a resin composition when
preparing a resin composition using the carbon black coloring 7 agent.
On the other hand, if the pH of the resulting carbon black coloring agent
exceeds 8.0, the storage stability of the resin composition may be

agerg.ec@ﬂsfﬁg' Jiere ey lﬂet"ﬁec%% Wﬂ{g @Eﬁigirﬁ 9&%%5&%91'3&5 coloring agent

undispersed carbon biack particles or carbon black aggregate or grit
excd@nNi0, ithheoshge yrabieitthe teaaion.Shipbsil dargignba abaespest be
removed since the volume resistivity of the resulting semiconductor
sealbRyariasribeis desreubers. el goraighamater arayisesremotadibyn black
rforming ceptrifugal classification and, separating the forejgn matter
pari f

TG 2 S WHR™ 2 BSrE8EbEE TEBHBSS, YoF SiammpléeTe Gifhpn-  Such
foreRATTEABY TRIQVING e farelonmattep is drgg Ry Esm%\_a%;a WS 0N ting
evaporation. The resulting carbon black is ground by using a grinding
semiv@ehicer sughnasnaajetimils autiensixerae Falemill te:abtaitp saiabved by
black coloring agent for a semiconductor sealing material of the present
perfinpung santTheceheboni Bratioeolutisrpagtng fbe deeipicontuctoigealititgr with
materialﬁf the present invention thus obtained is mixed with an epoxy

A POFESIA® Qhnragelitse _r?@‘aﬁ’}ﬁccelerator, inorganic filler, and the like |
denaraliuizedlioh apaine ARGHONIE RBHEI0 AHIBIN ARRINBONINAG, water

sealing material resin Composition. The molecular structure
by dvngleeulan weight ekiherepaxydesihtisad areunotRakigylasly:Hrited machine
insofar as the epoxy resin contains two or more epoxy groups in one
suchrgp el gnill.isysiefariisie 0o kdbranl épokjetasircawhichbis diqoidcatnpepsdor a
Iemﬁerature. As examples of the epoxy resin, a bisphenol-type epoxy

semjeqnuclion sealme Malsii] 9t AL e EBbBY FElRtand a bisphenol F-type
PP TESINL,R HAVRIREIRYRE SRRXY 2SN SHaR ARA RO ARVRIAKINPS ¢ the

epoxy resin and a cresol novolak-type epoxy resin,
present invention thus obtained is mixed with an epoxy resin, curing agent, curing

accelerator, inorganic filler, and the like generally used for sealing electronic parts to
obtain a semiconductor sealing material resin composition.

The molecular structure and the molecular weight of the epoxy resin used are
not particularly limited insofar as the epoxy resin contains two or more epoxy groups in
one molecule. It is preferable to use an epoxy resin which is liquid at room
temperature.  As examples of the epoxy resin, a bisphenol-type epoxy resin such as a
bisphenol A-type epoxy resin and a bisphenol F-type epoxy resin, a novolak-type epoxy
resin such as a phenql novolak-type epoxy resin and a cresol novolak-type epoxy resin,
a triphenylalkane-type epoxy resin such as a triphenolmethane-type epoxy resiﬁ and a
triphenolpropane-type  epoxy resin, a phenolaralkyl-type epoxy resin, a
biphenylaralkyl-type epoxy resin, a stilbene-type epoxy resin, a naphthalene-type epoxy
resin, a biphenyl-type epoxy resin, a (_:ycI.opentadienemtype epoxy resin, and the like can

be given. The epoxy resin may be used either individually or in combination of two or
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a triphenylalkane-type epoxy resin such as a triphenolmethane-type epoxy
resin and a triphenolpropane-type epoxy resin, a phenolaralkyl-type
epoxy resin, a 25 biphenylaralkyl-type epoxy resin, a stilbene-type epoxy
resin, a naphthalene-type epoxy resin, a biphenyl-type epoxy resin, a
cyclopentadiene-type epoxy resin, and the like can be given. The epoxy
resin may be used either individually or in combination of two or 8 more.
A solid epoxy resin such as a bisphenol-type epoxy resin may be mixed,

moRS TRAUIde i ﬂage(igwﬂ%@taoﬁo&@gﬁ@éémga&

he e hanical strength.of
the resulting "liquid semiconductor sealing m ter?é?aﬁﬁ%lglmgﬁpfgmimd’ as

reqyirefiergble tihat thewptanchidiineemenhofitheiepod resinde $pARLRMlting
. or 5less, and preferably 1000 ppm or less. It is preferable that the
liquidhrsimecodgsnt saaliagemasfter exttdbtibikeat 100C for 20 hours at an epoxy

resin concentration of ggl% be 10 ppm or less. If the total chlorine content

et S R0 AR R BIAF AR AL HISEPERCERES 0SB pP™ or
raal iapili ' o] istance, of an, semiconductor
B S v

aftemolesetian welgint of (e 0 g A0 8RR N SBPEXYCERHRRAL JT3I0% be 10 ppm
particularly limited insofar as the curing agent is a compound containing

or Igi ol nibeetdiyr cealnaingroopis e grcpbén oo hyaroxyhdrdepstdomine gootpy in
or aci%%m{a;ide group) which can react with the epoxy group of the
Walds 53 G5%in' A RBTBwWH S oFRiS R iy s laslea e o iviNg glngeorol an

s AEAPL 5. 16 Conigl g, Al east two phenolic hydroxy

groups in one molecule, for instance, a novolak-type phenolic resin such

as gphenabagvelae@sie ahd HesnbROVRIAGESSH. i NY8ARMeHHied: the
novolac resin such as a paraxylylene-modified novolac resin, a

epoxyetaxylyienh aahsdifiedindyolavitesimsofanasrthoxglylepesgrodified compound
novolac resin, a bisphenol-type phenol resin such as a bisphenol A-type

ContURIRE Y SIS SREOM SRR LHPSG aebiBhEI B Tomgh 8T eBirfnaine group.,
or afSSQIRRPDRNG EHLLRADCOR ARG of he epoxy resin. A
enyla -type resi

biphenylaralkyl-type resin, a trip kane such as'a
knotriphemgmeilaneytype used as the curing agent. For example, a phenol resin
containing at least two phenolic hydroxyl groups in one molecule, for instance, a
novolak-type phenolic resin such as a phenol novolac resin or a cresol novolac resin, a
xylylene-modified novolac resin such as a paraxylylene-modified novolac resin, a
metaxylylene-modified novolac resin, or an orthoxylylene-modified novolac resin, a
bisphenol-type phenol resin such as a bisphenol A-type resin or a bisphenol F-type resin,
a biphenyl-type phenol resin, a resole-type phenol resin, a phenol aralkyl-type resin, a
biphenylaralkyl-type resin, a triphenylalkane-type resin such as a triphenylmethane-type
resin or a triphenylpropane-type resin, a naphthalene ring-containing phenol resin, or a
dicyclopentadiene-modified phenol resin may be used. An acid anhydride curing
agent such as phthalic anhydride, maleic anhydride, or tetrahydrophthalic anhydride, an
amine-type curing agent such as an aliphatic polyamine, a polyamide resin, or an
aromatic diamine, a Lewis acid complex compound, or the like may also be used. In

addition, a carboxylic acid hydrazide such as dicyandiamide, adipic acid hydrazide, or
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resin or a triphenylpropane-type resin, a naphthalene ring-containing
phenol resin, or a dicyclopentadiene-modified phenol resin may be used.
An acid anhydride curing agent such as phthalic anhydride, maleic
anhydride, or tetrahydrophthalic anhydride, an 25 amine-type curing agent
such as an aliphatic polyamine, a polyamide resin, or an aromatic
diamine, a Lewis acid complex compound, or the like may also be used. In
addition, a carboxylic acid hydrazide such as dicyandiamide, adipic acid

isoim(ﬂz{ﬁ@i&% %d?aﬁﬁ@%@.?'ﬁ@sﬁ%g hydrazide may also be used. As the

curing accelérator which accelerates the reaction between the epoxy resin

andiheheuning pgeitlcdaB-didzabigyeiethids Mendeaanebéiween the epoxy resin
triphenylphosphine, benzyldimethylamine, 2-methylimidazole, or the like
and maliehe @B 5 AwIhe inofghriatfileelof khdwmisoegaric filleplseadplosphine,

reduce the caefficient of expansjon may be used. For example, fused
ben@ﬂ%&%@iﬁ‘é’mﬂ% %ﬂf@%ﬁ%iﬂﬁifﬁ@k@%ﬁhﬁkﬁaé‘?%&ﬁﬂﬁ?ﬁ nitride, silicon
ntride aaneaia. NAKASUIATGAIE AL BENRAY DRSTH. LiSircien: of
preferable to Use spherical fused silica from t%e viewpoint o reaucmg the
expMiSEOsityaqrisk aRsaring Hgh itline, ARREHiasa 10rjatnempresrAt HMEREQoron
_ additives such as a stress reduction agent such as silicone rubber, a
nitrigguplimaiaie mitadoufdicenreigtivennagent.afignestetasdantcand the fidmeay
retardant assistant may optiopally be added.in combination with the

be usedandbis ARPERENIS. RS IRRBIRIGEEET SHMih TR ibaFagRint of reducing
the $QRIRR i&@@gﬁsggﬁ@gggqlWﬁ%ﬁ?gpe&és{jissolving, mixing, and dispersing
colo 0

the carbon black ring age a semiconductor sealing material of
thelprelsepRventiremithihalakiove eRMXIesiBreIREHASEHT, agUANQuch as

__ accelerator, inorganic filler, and the like at a specific ratio by using a
silicgripdubbaripleceuiinigl, dgahtnil swiaettiptimingr ageithetliRenk ispréfatalklel a
that th viscosjt¥ of the resin composition be 10,000 poise or less at 25C.
ﬂamézoretar ant assistant may optionally be added i combination with the essential
components.

A semiconductor sealing material resin composition is prepared by stirring,
dissolving, mixing, and dispersing the carbon black coloring agent for a semiconductor
sealing material of the present invention with the above epoxy resin, curing agent,
curing accelerator, inorganic filler, and the like at a specific ratio by using a grinder,

triple-roll mill, ball mill, planetary mixer, or the like. It is preferable that the viscosity

of the resin composition be 10,000 poise or less at 25°C.

EXAMPLES
Examples of the present invention are described below. However, the present

invention is not limited to the following examples.

Example 1
Carbon black having a nifrogen adsorption specific surface area (N;SA) of 135

m*/g and a DBP absorption of 56 cm’/100 g (“Tokablack #7550F” manufactured by

10
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EXAMPLES Examples of the present invention are described below.
However, the present invention is not limited to the following examples.
25 Example 1 Carbon black having a nitrogen adsorption specific surface
area (N2SA) of 135 m2/g and a DBP absorption of 56 cm3/100 g
("Tokablack #7550F" manufactured. by 10 Tokai Carbon Co., Ltd.) was
used. The amount of sodium peroxodisulfate was calculated from the
equation given below so that 0.20 mmol/m2 of sodium peroxodisulfate

Tok&ﬁN@)@&%p%J.?aﬂé.P%&é”i&s%‘&r.facf’h%r%%%m?o(ia%ﬁﬂlmaﬁgto]x%%iguﬂfat Svas

carbon black was added to a sodium peroxodisulfate aqueous solution (3
calcdm@)i5 frreparke hydisselvigy sodiwpwerxodisulfamindhetalculatedodium
amount in pure water, and the mixture was stirred and mixed at a

perasedisaiéats s DPBOCIOrearopes wtihsstifrirgarspeddinf oativs-blatk effél g of
wet oxidatign. Calcylation of amount of sodium peroxodisulfate: 10
the &34 ?fh?% @%&fa%na@f?é}x%@uﬁ@@ (E%f&ffﬁﬂlb@)fa%a@tﬂ?&fe PHHENM3) dm”)
- UNit sy . c itr sQrption.
P e B AR R e,

and perexodistiate (231 badmaRidnthis-aaseatne wieldht absedidirs at a stirring
peroxodisulfate required is "0.20 (mmol/m2) X 135 (m2/g) X 100 (g) X

speczha® 9.{g/moly =1B42 8 pidfsiono0 g of carbon black. 15 Reducing salts
were removed from the carbon black slurry after wet oxidation by
deionization using an ultrafilter membrane ("AHP-1010" manufactured by

Cald\isahh gfaﬁﬁb%%ﬂi&gﬂl ”E%%%ldl@[d‘%%ght cut-off: 50,000) until the

electric conductivity became 200 S/cm or less. After adjusting the pH of

Améhaast berhblapk SNk tOBE-HYs RN g Delko AN AL AAUBOUS B REBERIAber
a concentration of 0.5N to the carbon black 20 slurry after deionization,

unittie gt whsaaiowblas) redbitmgenarpenitonspf OBC siofatiremhouis) of
carban RO RS A Ot O 2odiin peroxodisulfate (238.1 g/mol)

In this case, the weight of sodium peroxodisulfate required is “0.20 (mmol/m?) x
135 (mz/g) x 100 (g) x 238.1 (g/mol) = 642.87 (g)” for 100 g of carbon black.

Reducing salts were removed from the carbon black slurry after wet oxidation
by delonization using an ultrafilter membrane (“AHP-1010” manufactured by Asahi
Kasei Corporation; molecular weight cut-off: 50,000) until the electric conductivity
became 200 pS/cm or less.  After adjusting the pH of the carbon black slurry to 8.5 by
adding 0.15 dm’ of aqueous ammonia at a concentration of 0.5N to the carbon black
slurry after deionization, the mixture was allowed to react at a temperature of 98°C for
three hours at a stirring speed of 0.15 57

The carbon black slurry after the reaction was subjected to classification by
using a centrifuge (“CR22F” manufactured by Hitachi Koki Co., Ltd.) for 10 minutes at
a rotational speed of 107 s to remove large particles. The supernatant liquid was
filtered through a filter with a pore size of 1 um, and the carbon black siurry which had
passed through the filter was dried at 110°C in a dryer.  After drying, the carbon black

aggregate was crushed by using a cufter mixer, and ground by using a single track jet
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The carbon black slurry after the reaction was subjected to classification

by using a centrifuge ("CR22F" manufactured by Hitachi Koki Co., Ltd.)

for 10 minutes at a rotational speed of 10.2 S-1 to remove large patrticles.

The supernatant liquid was 25 filtered through a filter with a pore size of 1

m, and the carbon black slurry which had passed through the filter was

dried at 1.10C in a dryer. After drying, the carbon black aggregate was

crushed by using a cutter mixer, and ground by using a single track jet Il
milim%ﬁlﬁiﬁhz%hm@ﬁtﬂfﬁgemﬁﬁ%ﬁm%EEQQEB 156500 bidald% QRIBIR Rlack

carbon black coloring agent. Example 2 5 A carbon black coloring agent
colosiag pgepared in the same manner as in Example | except that the carbon

black was placed in an ozonizer ("10T--4A6" manufactured by Nippon

Ozone Co., Ltd.) and subjected to dry oxidation for five hours at a
Exagg%egation voltage of 200 V and an ozone generation amount of 5 mg/s

ré subjecting the carbon black to wet oxidation using the sodium
eraxorilaiR: RAUROHS. SRHALS I HARIE RALAIAMRIAGK G018 |
agent was prepared in the Same manner as in Example 1 except that a

excéparienichsutfastant ledknwigenad&d ) masubacturgdibythed<aganufactured by
Corporation) was added before wet oxidation in an amount of 10 wt% with.

Nippeggderts G5 thédenrbdrmlinskenmisarativietBxainpleve Fhercatisogebtaation
used | ple,1 was used as a carbon black coloring agent. 20 |

voltgi ol B A S B TR MBI APt i il e the

carfE RN MANNSE A% EXAmAle éod%m%&%mw %ﬁ%ﬁﬂe@%ﬁli&&%

which was subjected to wet oxidation and from e reducing salts
were removed by deionization, was directly centrifuged and

‘Exampie 3

A carbon black coloring agent was prepared in the same manner as in Example 1
except that a nonionic surfactant (“Emulgen AS500” manufactured by the Kao
Corporation) was added before wet oxidation in an amount of 10 wt% with respect to

the carbon black.

Comparative Example 1

The carbon black used in Example 1 was used as a carbon black coloring agent.

Comparative Example 2
A carbon black coloring agent was prepared in the same manner as in Example 1
except that the carbon black slurry, which was subjected to wet oxidation and from

which the reducing salts were removed by deionization, was directly centrifuged and

filtered without adding aqueous ammonia.

Comparative Example 3

A carbon black coloring agent was prepared in the same manner as in Example ]

12
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filtered without adding aqueous ammonia. 25 Comparative Example 3 A

carbon black coloring agent was prepared in the same manner as in

Example | 12 except that the amount of aqueous ammonia added was

increased to 1.50 dm3 to adjust the pH to 12.5. The carbon black coloring

agents thus obtained are summarized in Table | together with the

manufacturing conditions. 5 TABLE | Example | Example 2 Example 3

Comparative Comparative Comparative Example | Example 2 Exam le 3
excdpIFAoR BRchN e RRBeNARENANSNONG NANE WEN PN BAPSG . adjust

one None Done Done Surfactant None None Added None None None -

the pAuedissammonia Added Added Added None None Added H of CB

coloring agent 6.8 6.8 6.8 7.2 2.7 9.6 .' Gas phase oxidation using ozone

2 Ligeigashes b aider insintzenidithvpevdrodiduttsts uguesus otutiohle 1

black coloring agent was mixed with the following raw
R T

0Th b
toeefighatil i g

['to prepare a semiconductor sealing
resin composition. Bisphenol A-type epoxy resin ("RE410" manufactured
by Nippon Kayaku Co., Ltd.): 20% 15 Methyltetrahydrophthalic anhydride
("MH700" manufactured by NewdgpeR Chemical Co., Ltd.): 18%

reo

otleaL1

+lhvdinhanal—0-20/4
BIIIIEUIYlaIIIIIIOmcu|y|p|| 1119) B v vy

Cnrh H
OMTIcTica

|
nea

mQrormn
[ ) A\

manufactured by rokayanta:8oda Coxqnite 3, n%ﬁ arliﬁe ggi?pr?:;c (f:;f:;:;c
Oxidation Dryil None Done None None None None
Wet * Done Done Done -~ None Done Done
Surfactant None None Added None None None
Aqueous ammonia Added Added Added None None Added
pH of CB colosing agent 6.8 6.8 6.8 7.2 2.7 9.6

"1 Gas phase oxidation using ozone
2 Liquid phase oxidation using sedium peroxodisulfate aqueous solution

The carbon black coloring agent was mixed with the following raw materials by

using a triple-roll mill to prepare a semiconductor sealing resin composition.

Bisphenol A-type epoxy resin (“RE410” manufactured by Nippon Kayaku Co., Ltd.):

20%

Methyltetrahydrophthalic anhydride (“MH700” manufactured by New Japan Chemical

Co., Ltd.): 18%

Dimethylaminomethylphenol: 0.2%

Spherical silica (“SESFC” manufactured by Tokuyama Soda Co., Ltd., maximum

particle diameter: 24 um or less, average particle diameter: § um): 59.2%

v-Glycidoxypropyltrimethoxysilane (“KBM403” manufactured by Shin-Etsu Chemical

Co., Ltd.): 0.7%

Carbon black coloring agent: 0.1%

The viscosity, storage stability, and the like of the resin composition were

13
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particle diameter: 24 m or less, average particle diameter: 8 m): 59.2% 20
y-Glycidoxypropyltrimethoxysilane ("KBM403" manufactured by Shin-Etsu
Chemical Co., Ltd.): 0.7% Carbon black coloring agent: 0.1% The
viscosity, storage stability, and the like of the resin composition were 13
measured according to the following methods. The results are shown in
Table 2. Viscosity: The viscosity of the resin composition was measured
by using an E-type 5 viscometer ("TVE-30H" manufactured by Tokimec
e YRR R CORMINALAL B BPTALITE AT RSF a0 310t 5poed of
2.5 rpm. Storage stability: The viscosity of the resin composition
immediately after production (initial 10 viscosity) and the viscosity of the
resin composition 30 days after production were measured, and an
Viscipfdtease rate (%) of the viscosity 30 days after production to the initial.
vis%(ﬁ]sity was determined. The larger the value, the poorer the storage

stabifify VKSR sEhittn Sitho FOBRMSH A s RS IREBYESiny the pgsifp E-type
- NOSitiQR: andy-t ' itign. was,cur. heating. at 100C for
R S e ST

tempoRieiabTepragertiesoffha semiceneuctor sealing material were
determined according to the following methods. Dispersibility: The cross

section of the semiconductor sealing material was photographed by 20
usin%la_n_optical microscope. The number of undispersed aggregate
Storget-§EBYBresent in the micrograph (x 200) was counted to evaluate the

diS%ES@&Xs?ﬁgg)ﬁde@ge?%gﬂlecﬁL?Hox\é@%zgiv&%%g?aaél}—haeftsgag%)fgl%::tion (initial

indicates the lent dispersion state. e'numbe

viscoigisRepeReagistogie HAiCIRSile BOnOFIROLHING-doy MR ZrbBtction were
number of undispersed aggregate particles is 10 or more and less than 50
meagyrgRBnd an increase rate (%) of the viscosity 30 days after production to the initial
viscosity was determined. The larger the value, the poorer the storage stability.
A TBA semiconductor section was sealed by using the resin composition, and
the resin composition was cured by heating at 100°C for one hour and at 150°C for one

hour to obtain a semiconductor sealing material. The properties of the semiconductor

sealing material were determined according to the following methods.

Dispersibility:

The cross section of the semiconductor sealing material was photographed by
using an optical microscope. The number of undispersed aggregate particles present in
the micrograph (x 200) was counted to evaluate the dispersibility according to the
following five stages. The stage “5” indicates the most excellent dispersion state.

1: The number of undispersed aggregate particles is 50 or more in 0.25 mm>.

2: The number of undispersed aggregate particles is 10 or more and less than 50 in 0.25
mm’,

3: The number of undispersed aggregate particles is 5 or more and less than 10 in 0.25

2
mm .

14
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25 mm2. 3: The number of undispersed aggregate particles is 5 or more
and less than 10 in 0.25 2 mm. 14 4: The number of undispersed
aggregate particles is 1 or more and less than 5in 0.25 2 mm. 5: No
undispersed aggregate particles are observed in 0.25 mm2. 5 Volume
resistivity: The semiconductor sealing material was punched to prepare a
columnar measurement specimen. The measurement specimen was
allowed to stand at a temperature of 25C and a relative humidity of 60%
4: TRk ;&hwwamg;fe@aada@@ggﬁe e slainlessslesheIRclrodsss The 25
resistance R (Q) of the measurement specimen 10 was measured by
napplying a voltage of 15 V using a Wheatstone bridge ("Type 2768"
manufactured by Yokogawa Hokushin Electric Corporation). The area A
5: Ne gy arigethactreriery i{smysienopl sufaeomhe measurement
specimen were measured, and the volume resistivity (S2-em) was
calculated from the following equation. 15 Volume resistivity (92-cm) = R x
VolifidresRAding properties: The semiconductor sealing material was
processed into a plate with dimensions of 50x50x0.5 mm to prepare a
medsitremenispecinencdlhe refleciion opkicahaensiy i@Opt@iewvas columnar
measured at five points on the surface of the specimen by using a
meagiHemst cRgvaftsmetel ICRDeORTemeRufRSEireehb Kol Horgsh)tol Stan Oat a

temperature of 25°C and a relative humidity of 60% for 12 hours or more, and placed
between stainless steel electrodes. The resistance R (Q) of the measurement specimen
was measured by applying a voltage of 15 V using a Wheatstone bridge (“Type 2768”
manufactured by Yokogawa Hokushin Electric Corporation). The area A (cm?) and the
thickness t (cm) of the top surface of the measurement specimen were measured, and

the volume resistivity ({2-cm) was calculated from the following eqﬁaﬁon.
Volume resistivity ({2:cm) = R x (A/t)

Shading properties:

The semiconductor sealing material was processed into a plate with dimensions
of 50x50%0.5 mm to prepare a measurement specimen. The reflection optical density
(OD) was measured at five points on the surface of the specimen by using a Macbeth

densitometer (“RD-927” manufactured by Kollmorgen).

i5
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BraOOOuO~0..up0O-vJ=wyEODBbRG9 O_roJ~Q7fnAsis
clear from the comparison between the examples and the comparative
examples, the carbon black coloring agent of the present invention
manufactured by the manufacturing method of the present invention
exhibits excellent dispersibility in the resin component. The resin
composition prepared by using the carbon black coloring 5 agent of the
present invention exhibits a high volume resistivity and excellent shading
properiies I Pargiae, e cahan Piadk eclofing agenh el GRIesenl pararive
invention IS suitable as a black coloring agent for a Semiconductor sea Ing
exaMAtel il 5o c BIMBIOSHIOANE 4 gehMBe Prbstmetbadaf manuacheing ahe
carbon black coloring agent for a semiconductor sealing material, the
mangigthathgomphisihgl shbjectingt carsondolacibibiweroxitiatichsieaililty in the
_sodium persulfate agueous solution or an ammonium persulfate aqueous

resig SRMBANTBIm oV e EMBROSHEBP IS RoHS R SIS PRAMbIEN chigring
age p%fetlﬁé:trir% %g{{—‘?“vcéﬁ 10, 0L 808 ST RrOgHGRd Dy, s oxidation (gr%%%‘éﬁé‘dmg
E500p'S & Brane, adding an

ecome /cm or less, using & separation ‘membrane,

profRRBONITRALRAYS Bel gk BriusiiIeRld alohe Spiei P20 Hhion is
causing the carbon black to react with ammonia, purifying the slurry by
suitzblmoning fddeidn nuddteng agent for a semiconductor sealing material resin

" composition.

i7
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30

15 from the slurry, the foreign matter being removed by performing.
centrifugal classification and separating the foreign matter using a filter
with a pore size of 5 in or less, and drying and grinding the carbon black.
20 2. The method of manufacturing a carbon black coloring agent for a
semiconductor sealing material according to claim 2, wherein the carbon
black subjected to dry oxidation in advance is subjected to the wet
oxidation. 25 3. The method of manufacturing a carbon black coloring
agent for a semiconductor sealing matetii¥&ccording to claim 2, wherein
a surfactant is added when subjecting the carbon black to the wet
oxidation. 30 18 -

I. A method of manufacturing a carbon black coloring agent for a semiconductor
sealing material, the method comprising: subjecting carbon black to wet oxidation in a
sodium persulfate aqueous solution or an ammonium persulfate aqueous solution,
removing reducing salts by deionization which is performed until the electric conductivity of the
shurry produced by said oxidation reaction becomes 200 1 S/em or less, using a separation
membrane, adding an ammonia aqueous solution to adjust the pH of the slurry to 4.0 to 12.0,
causing the carbon black to react with ammonia, purifying the slurry by removing foreign matter
from the slurry, the foreign matter being removed by performing centrifugal classification and
separating the foreign matter using a filter with a pore size of 5 u m or less, and drving and

grinding the carbon black.

2. The method of manufacturing a carbon black coloring agent for a semiconductor
sealing material according to claim 2, wherein the carbon black subjected to dry

oxidation in advance is subjected 1o the wet oxidation.

3. The method of manufacturing a carbon black coloring agent for a semiconductor
sealing material according fo claim 2, wherein a surfactant is added when subjecting the carbon

black to the wet oxidation.

18



