1 SPECI FI CATI ON RESI N COMPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON,
AND SEM CONDUCTOR DEVI CE USI NG SAME 5 TECHNI CAL FI ELD [ 0001]

The present invention relates to a resinjconposition for
encapsul ati ng sem conductor, and a sem conductor device using the
same. 10 BACKGROUND ART [0002] Semipgendiet o+ tdgvi ces are subjected to
encapsul ation for the purposes of protection of sem conductor

el enents, 1Rps&GUIddNEPOF OOt rﬁ@@'sﬁﬁ%b@h@mﬁaﬁhbhﬁﬂﬁéﬂr%m, AND
handling, and the like. In regard to the encapsul ati on of

sem conduct or elenents,s%ygﬁ@ybgbygkt@@¢f@?sﬁgﬁﬁgﬂ§g@§ of an epoxy
resin conposition is part of the mainstreamfromthe viewoints of
excel l ent productivity, cost, reliability and the like. In 20 order
to cope with the denmand of the market to bring mniaturization,

wei ghtc re NN f ormance enhancenment of electronic
equipé%nt?ﬁg%ﬁ oﬁ?@ ﬁ?gﬁbintegration of sem conductor el enments and

m ni at uri ﬁbbﬁ and conpactification of sem conductor devices have

been 25 a
nount i ng have b@gn devel oped_an

d
trend has been Spreat-even 9 CHE ST R 1Edpodit 7 difsS 10 composi
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15

240

25

i 'eved, but al so new bondi ng technol ogi es such as surface

put to.practical use, Such tec@nica%or

jon
encapsulating semiconductor, and a semiconductor device

using the same.

BACKGROUND ART
[0002]

Semiconductor devices are subjected to encapsulation
for the purposes of protection of semiconductor elements,
securing of electrical resistance, facilitation of handling,
and the like. Inregard to the encapsulation of semiconductor
elements, encapsulation by transfer molding of an epoxy resin
composition is part of the mainstream from the viewpoints of
excellent productivity, cost, reliability and the like. 1In
order to cope with the demand of the market to bring
miniaturization, weight reduction, and performance
enhancement of electronic equipment, not only high
integration of semiconductor elements and miniaturization
and compactification of semiconductor devices have been
achieved, but alsc new bonding technologies such as surface
mounting have been developed and put to practical use. Such

technical trend has been spread even to the resin compositions



2 for sem conductor encapsul ation, and the |level and diversity of the

demanded performances are increasing every year. [0003] For exanple,

inregard to the solder used in surface nmounti ng, the conversion to

| ead-free solder is in progress agai nst the background of

envi ronmeabal sBRIRIRIBucTHe dRELLBY IRA MWy Ofad §8dsd nes, SP1HRS dSversi

hi gher than the neltingcpoint ofbconveﬁﬁi%n51 Iead/ﬁin scﬂ%ﬁé,:ﬁﬁ%rSlty

the refl owemuyu | BELLSIPEH ALWLE d Smbheldd §Eamsthe, i

tenperature of 10 Z?OC to ZEOC, tomt he terrperatlure %g@‘ﬁ%}}c %’g@%goé{ear.

For this rgagen, resin cracking or detachment may occur in

sem conductor devices, or the resistance to solder may be

nsufficient, afokng.Ldm of TRUBLIAG.o (0004} ISEWiher RLe, in dfec. oo

conventional resin conpdsitions for encapsulation,” bf om né-"cont al ni ng

epoxy  esi nt.i,mon i .have been used as _fl r.et ardant s
s e B LB L F D e oo Reu BT e Trbathgoress

for the purpose ane retardancy

envi T onyeRBEL TS0 pedtocbrah A Gar ity GHNaESHERDCR | RePRAaTy:  The
oo R L S S e S
oD | TE91H SR e Bne e enes g R En AR o LBR g

conputers_or electric appliances is required. Partjicularly in the
appl i cat i BA™PR T3 Riehi t$ e51SANGh T et A uF8TYESalRn _ hat 8BRS &t e Of
are rgguef%s as one of essential requirenents, and seniconductors
used for sCap ichl1on &Pe Hsqdi$BRCLS thie capabt 806F el M@ hEng For
the operatjon and functions at a high 5 tenperature of 150C to 180C.
[0006] Cthisaste¢@fgbed E?Flpec%ﬁépggméb,OFhe@%tﬁ&@émﬁﬁénmgugg@§?éd ain
techni que of increasing the high tenperature storage characteristics
and the re3TsfaREBIGCEol8d M ARF usPhgtaclorsehbtandectior sesider may be
conposi tion containing an epoxy resin having a naphthal ene skel eton
or a phenbrpeifdsiierlri a§ adentt Hawi a§ aovaphtmal ene skel eton (see,
for exanple, Patent Docunents 1 and 2), and a techni que of increasing
the high t@WpPédature storage characteristics and flane resistance by
15 incorporating a phosphoric acid-containing conpound (see, for
exanpPe, PatentFDothAemos <3 andtiy. cHowensr ontdiese sige lominguesi magnsof or
provide a sufficient balance anong conti nuous noldability, resistance
t o adher engeaptiudms: res) Stamméncandresisfagcepbaysakddms Asid antimony
descri bed above, 20 with regard to the mniaturization and spread of
el ect roniexedai pawrt Hegn wededl @s, £ 1 bewre rieg cardlenapdfbaer ta o @8itpose of
conposition for encapsul ati on which satisfies continuous noldability,
flame resispancény ediastanmes dxdsotder , Hame vid :gh trenperadnr & S1OEA8§ to
characteristics in a well-balanced 25 nmanner. RELATED DOCUVENT

abolish these compounds from the viewpoints of environmental

20 protection and safety enhancement is increasing.
{0005]

In addition, electronic instruments that are assumed to
be used outdoors, such as automobiles and mobile telephones,
have been popularized in recent vyears, and in these

25 applications, operation =reliability in an environment
harsher than conventional personal computers or electric

appliances is required. Particularly in the application in



4 PATENT DOCUMENT [ 0007] Pat ent Docunent 1: Japanese Patent
Application Laid-Open (JP-A) No. 2007-031691 5Patent Docunent 2: JP-A
No. 06-216280 Patent Docunent 3: JP-A No, 2006-161055 Patent Docunent
4: JP-A No. 2006-176792 DI SCLOSURE OF THE | NVENTI ON 10[ 0008] o

An obj ectv@ﬁit:_m%sere%eﬂah'&\@ggépgt}ﬁeto Felrc%gdee_ LY £ égtﬁgq%;%i'n%éo%re

for encapsul ation in which an ‘excellent balance is achieve

cont | nuouse RLARRIY | i resst anceeto agherence, flamp.feshstance, ang

resi stance sol der and high 15 tenperature storage aracteristics,

at a high?émk@%ﬁbu Qgség 589V€H'EO%?J]Eﬁi?éiogyaygiQ%a@plgggxgb be

resin having a special structure, andt rovide a sem conduct of

o e gL PXOBl) 8L el AN e JIBLEDCUBES aLAC el SRl GOIROR 1L

for encapsul ation. rd?né presen

i nventio re.li rovi od resi gnposition for sem conduct or
encaptssul ar}iel%ﬁgggﬁtujﬁegion% g‘ﬁgegmgf rJQBS(?ng?A), a curing agent (B), and
an inorga&%& ﬁﬁller material (C), the epoxy resin (A including 25 an
epoxy resi ? 1) represented by forrmula (1): wherein in the formula
(1), Rl represents hydr.ocar bon group having 1 to 6 carbon atons; R2
represents a h;ﬁ?&%g?%%%dg?ﬁ pt%asPH oS 6 AF BB avEneeesr syg9ested
aromati ¢ hydrocarpbon group .5 having 6 to 14 carbon atons, while R's

and R2s naaytt?&%}réjs%‘é‘éti‘?fgl ﬁf}%%%?gas WER JPLERT fePBRE RS R%askorage
other; a represents an integer fromO to 4, b represents an integer
frond to WABAACRISIr dsonPEant Rt 319206 tar &+l dshelsi nuehey 2
epoxy resin (A-1) contains a conponent represented by the 10 fornula
(1) R Wil Rendasd oF chPpobReMOTRE 1 F &pResEHt Bl By Nohé T cfPBKY EPsin
in which n = O [0010] According to an enbodi nent of the

present iTREhEEchRap threl pegikebaposi @ F ohrhen skid dofduetcprr ing agent
encapsul ati on, a peak 15 intensity nmeasured by FD-MS of the conponent
(al) is éwiango forngpéaterl ehan Sobeandneqladet o forr | exemrhlan, 9@®tent
with respect to all the peaks of the epoxy resin (A-1), and a peak

i ntensi t Yatun@geteodpameht? ( a2yndnawfiechmiqug¢ pd tihefeorsithg Che iksigh
equal to or greater than 10% and equal to or less than 20 50% w th
respect ttemribe¢rahergegks fge hepagyeresiti¢A-and {Dmé] resistance by

15 incorporating a phosphoric acid-containing compound (see,
for example, Patent Documents 3 and 4. However, these
techniques may not provide a sufficient balance among
continuous moldability, resistance to adherence, flame
resistance, and resistance to solder. As described above,

20 with regard to the miniaturization and spread of electronic
equipment for vehicles, there i1s a demand for a resin
composition for encapsulation which satisfies continuous
moldability, flame resistance, resistance to soldexr, and high
temperature storage characteristics in a well-balanced

25 manner.

RELATED DOCUMENT



6 Accordi ng to anot her enbodi nent of the present invention, in
the resin conposition for sem conductor encapsul ation, the ratio

22/ 21 of the peak intensity of the conponent (a2) 92, to the peak
intensity of the conponent (al) Pi, as neasured 5 by FD-Ms i s equal
to or greahermhapo@uhraRd equal to or less than 1.0. [0012]
Accordi ng to anot her enbodi ment of the present invention, in the
resin conp@gigion for sem conductor encapsulation, a 10 peak area of
t he conponent (al) relative to the total peak area of the epoxy resin

(A-1) obtained by gel Ft%gasggggn1chrﬂ?éx919g@p%ee%gggg%%agragc;ion

greater than 70% by area an ual” to ‘or Tess than

[ 0013] 15@%&%ﬁ§¥ﬂ%1tﬁJ?D%5h%&3eWP@QHE%@Héglthe present invention, in
the resin conpositio or 'sem conduct or "encapsul ation, a |ICl
viscosity at 15 f .t epoxy.resi A; IS I or hi gher than
0.1 d%g.sec andggéggF ?%xgﬁ? %&e?-tR&%Q§5%Odzg?§§§k6%§f0014]
Accordi ng to angther enbodi nent af t resent, i.nventi in the
resin conpositigﬂgﬁgF g%%ﬁ%%ﬁﬂ%c?drigﬁggpgﬂra%pggfg%éL@EPening poi nt
at 150C of the xy,resin (A-1) is equal_ to qr highe han 55C and
equal to or IomgggFﬁgﬁiﬁﬁ? %%%Oélaﬁ%_A N%ccgp&dﬁ§1éﬂéaother
enbodi nent of the present invention, in the resin conposition for
sem conduct or encapsul ati on, an 7 epoxy equival ent of the epoxy
resin (A—l% i S %gggl to orEQreater than 210 g/eq and equal to or |ess
than 250 §FeGLq0bEE)CF THE  INVIRELPHi ng to anot her enbodi ment of
the present invention, 5 in the resin conposition for sem conduct or
encaﬁéhla{pgﬁﬁ]the curing agent (B) is a phenolic resin-based curing
agent. [0017] _According to another enbodi nent of the present
invention, in the PRFALCORPIST AN EBE SeWPBbAGUCESr CenenpEabat Ropgsin
the 10 phenolic resin-based curing agent includes at |east one resin
sel ect ed FPHRCSE Griotp EToAsTBRERRG UG tal phelvlviziebstn ¢BCE) Ieavi rirp 1ance
or nore phenolic skel etons, and a naphthol resin (B-2) having a
hydr oxynap#t hatlehevskel @nongorcandi hpdrox ynaphktdial eheyskefes patance to
15[ 0018] According to anot her enbodi mnent of the present
i nvent i onadhgremes esf havonpesiitditoméer sesiicdrduct otoersodpisut atndnhigh
t he phenolic resin-based curing agent includes at | east one resin
sel eédted teopeaagrop consiagengcbéracplenodttcsesiat(bh) R0gher level
represented by formula (2) :

compared to conventional cases, by using an epoxy resin having

a special structure, and to provide a semiconductor device
having excellent reliability, which uses the resin
composition for encapsulation.
20 [0009]

According to the present invention, there is provided
a resin composition for semiconductor encapsulation
containing an epoxy resin {(A), a curing agent (B), and an
inorganic filler material (C), the epoxy resin (A) including

25 an epoxy resin (A-1) represented by formula (1):




8 having 1 to 6 carbon atons or an aromatic hydrocarbon group having
6 to 14 carbon atons, while R3s may be identical with or different
fromeach other; cl represents an integef fromO to 4; c2 represents
an integer fromO to 3, while cls and 5 c2s may be respectively
identical with or different from each_ogher; d represenis an integer
from1l to 10; e represents an integer\fromO to 10; and @ structural
unit represented by a repetition Aunbgr d and the structual unit
represented by the(\é'jéfpeti {R&8 nunfber ¢ may béRbespedRildeel ¥ |ined up
in arow .10 maybe atkernatmlky afrangdd with egeh oth r may be

, 2 =1 - e
arranged b}dﬁm , apht ebip (bR) rgpresenyed Ne, ;
(R6)g wheFein in thg fg a B)] R4-TepréSen # \hyol l'] group

or a hydrogen atom RS rgpresents a hydrocarbon gr §ip havijng 1 to 6

carbon atons, or 3g ol i C hydkocar bon groyg~kawifng 6 td 14 carbon(1)
atons, while R4s ¢ -#u be respectivelyl w fh or
different from each o’ R6 repkesents a hydroecardon grfoup having 1

0 9
to 6 carbon atonss or an¥aronmatic R0 hydrocaf bon grup aving 6 to 14
carbon atons, whiRBbR6s rAy be identical wiRBbor di Pferém from each

other; f represents an integer fromO to 3; g represents an integer
fromO to . 5; h,represents an integer of 1 or 2; mand n _each

i ndependé”’rﬂef]gle?‘gpf%g%ﬁ? oﬂ?%?egg}' f%%rﬁ%?%%si?ﬁ?smﬁimédﬁ??aﬁ@n agup
a 9 struyctural unit represented by a repetition nunmber m and_the

st ruct ur a2 UMty ]rétﬁ?éggﬁffz)d’rb?tt "réﬁ?et‘ipetﬁ%‘?rs%ﬁﬁﬁe? hyfggcpebon group
respecti:ﬁel lined up.in a row, nay be alternately arranged with each
other, o Pel dr? SRR AR ORPPS bRE 2BHR IO E GduedEpaREPON group

di sposed between the respective structures, and a naphthol resin (b3)
repregenth@dngfcﬁ’nﬁpaj( ):carbon atoms, while Rls and R2s may be

respectively identical with or different from each other; a
represents an integer from 0 to 4; b represents an integer
from 0 to 4; and n represents an integer of 0 or larger, wherein
the epoxy resin (A-1) contains a component represented by the
i0 formula (1) in which n 2 1, and a component (al) represented
by the formula (1) in which n = 0.
f0010]
According to an embodiment of the present invention, in
the resin composition for semiconductor encapsulation, a peak
15 intensity measured by FD-MS of the component (al) is egual
to or greater than 50% and egual to or less than 90% with
respect to all the peaks of the epoxry resin (A-1), and a peak
intensity of the component (a2) in which n =1 in the formula
(1) is equal to or greater than 10% and equal to or less than
20 50% with respect to all the peaks of the epoxy resin (A-1).

[0011]




(OHt (R7)1(1 wherein in the formula (4), R7 represents a

hydr ocar bon group having 1 to 6 carbon atons, or an aromatic

hydr ocar bon group 10 having 6 to 14 carbgn atons, while R7s may be
identical with or different fromeach other; kIl represents an integer
fromO to 6; kRccepdasents atotnheegeaibddomed t 0F4halidessdd s iandk2s0on,
may be respectively identical with or different fromeach other; s

r epr esent $nath & nteegen Jomgd 01t @ohOfoangkehii EeRHESAIH S eh2 Bk NA€Y6H ,0fhe
1 or 2. [0019] Accordi ng to anot her enbodi ment of the present
inventionraitAdt fpg /PSR GAEQSE 4 k 0Nnt eh sSaN) CONAUBE Ok oRRGARSUE at L on, p,,
t he ambunt of the at |east one resin selected fromthe group 20

consi sti ngoot hehg phenal ¢ €nkesiyn olfblhe tdnPaRBhROl anesie (R rkured
t he naphthol resin (b3) is equal to or greater than 50 parts by mass
and egual pborprmsess than 1100 par §§e%y:é£asc%éﬁl@11 V&&Oe%%)lp%térbyess
mass of the curing agent (B). [0020] 10 Accordi ng to anot her
enbodi ment »@f, tthe) present invention, in the resin conposition for

sem conduct or encapsul ati on, the anount of the inorganic filler

material (&hibg equal to or greater than 70% by nass and equal to or

| ess than 93% by mass 5 relative to the total nass of the resin
conposition f ] t I [ rdjng.
anot her enbod?%€%§gg§9@ﬁg86%%%§ﬁ§§?%®%%§#§%?tiggﬁﬁ%EPégﬁﬁﬁﬁgﬁﬁgki |%§n’
for sem copnd o] a i O h 0 nt of th XY .I esi.n.
(A1) is %ﬁu’% gt réegg%g%%%%é%ﬁﬁﬁksgoéa?t? Léyonrrcg%%{%%dgg%&ﬁls% e

I h | at i 0 . b f
cpoxy T esr i tar L o2 TRE  cbRetdiy Pt BYAn B ER: Rkt i aherea

SPRC(AF. T0d22)” = °2T Fig™T0 it Ebiodi .
bncapsul aTT G PUr 167 BOREN RE 4 bUFng) acld B asar DY e | Upgeaton

Accordi ng_t o _anot her_ enbodi nent aof the present inventiopn,_in the

resin coﬁ%%gPpﬁﬁﬁQEﬁpggn%éoﬁ&&ﬁ rt%ﬁ%gpgﬁﬁéﬁ%ﬁné%ﬁﬁ 2860 % fgea and
accel erator gg» i ncl udes at | east ipe curing accel erator selected
froma gro@pecor§ 17 ngeoF LMt ritblYi phosphoni um conpound, a
phosphobeL '23 conpound, an adduct of a phosphi ne conpound and a

gui none ¢ ﬁﬁ Ad, and an adduct of a phosphoni um conmpound and a

silan% 25 conpound. 0024& , ,
1 Accordling to another embodiment of the present invention,

in the resin composition for semiconductor encapsulation, a
ICI viscosity at 150°C of the epoxy resin (A-1) is equal to
or higher than 0.1 dPa-sec and egqual to or lower than 3.0
dPa-sec.
20 [0014]
According to another embodiment of the present invention,
in the resin composition for semiconductor encapsulation, a
softening point at 150°C of the epoxy resin (A-1) is equal
to or higher than 55°C and equal to or lower than 90°C.
25 [0015]
According to another embodiment of the present invention,

in the resin composition for semiconductor encapsulation, an



According to an enbodi nent of the present invention, the 11 resin
conposition for sem conductor encapsul ation further contains a
conpound (E) in which two or nore adjacent carbon atons that
constitute an aromatic ring are each bonded to a hydroxyl group.
5[0025] = epoxy AS€@IdhNEnko s enbodbamnt «fsihe (prasents i QYR @R or
the resin conposition for sem conductor encapsul ation further

contai ns greeud i ngnagent ol B ed 0936] <LRACCOrdi B9 1o an @bedhBENY Qfy .
t he present invention, the resin conposition for sem conductor
encapsul atipgn jurt her contains an inorganic flame retardant (G).

[ 0027] According to the present invention, there is provided 15 a

sem conduct or §8¥b§%iirﬂgc£Bde;ﬁtgtﬂe§?éﬂ1888gﬁ%tnq{ o%lﬁqgg%rt%%@tltii%vention,

encapsul ated with the resin conposition for sem cond

encapsy at ,on, desss | e abover sLAOZEL Acgording 4o, L RLesent Ls or che

invention, a resin conposition or encapsul ation whi

flame resj i u Si, cQ d d an. antinon
compound, CRd ayt SeRE eV B an b el TERE sl Anee AnBag Seoni T ntiste gent
nnldabiliﬁg r-gsi stance to adherence, resistance to solder, and high

tenperature storage characteristics at a | evel higher than 25 the

conventional rgesin_conposition and a seni cqnduct.or devi ce, havi ng, .,
excel | ent reIia%??F%ﬁ?ghﬁPd%P%gggrfﬂab?gépﬁ oﬁ%d%???%ﬁ?%?ﬁt fhveition,

encapsul ati o may_ be obtained. 12 BRI EF. DESCRI PTI ON OF THE DRAW NGS
[0029] Fig" qh‘?sr%sjd?&g‘%ﬂé‘%ﬁ?’rga?ﬁ ﬁ?Fn%e‘alEPB&Rl-‘fste% OGP SIS FiOfur Bhe
of a exanBIe f. a _sem caqnduct or device using a_resin conposition for
seni ¢Ondukt'8F Cericapsiiidt oS Gecor B R 29°Phel BFeSERS PhvERESInORe resin
Fig. 2 is a diagramillustrating a cross-sectional structure of an
exanpl e o?eéeﬁt%dfeﬁ%?‘aeaeﬂ’égb’%l%‘f?%hsF;VBQ PF SerRROPALECor it ceB-1)
using the resin conposition for sem conductor encapsul ation according,
to the prREEAPY MhtGomore pheppdlcs sdifhat @RSFDARS &f nemd idpokyresin

resin 1 used in the Exanples. 15Fig. 4 shows an FD- M5 of the epoxy
resin 2 uéBdin thaving a hydroxynaphthalene skeleton or a

dihydroxynaphthalene skeleton.
15 ([0018]

According to another embodiment of the present invention,
in the resin composition for semiconductor encapsulation, the
phenolic resin-based curing agent includes at least one resin
selected from a group consisting of a phenolic resin (bl)

20 represented by formula (2):

o S e )
OO

(R3)ci {(R3)ce J
OH

(R3)c2
(R3)ei

wherein in the formula (2), R3 represents a hydrocarbon group




Exanpl es. Fig. 5 shows an FD-M5 of the epoxy resin 3 used in

t he Conparative Exanpl es. Fig. 6 shows a GPC chart of the
epoxy resin 4 used in 20 the Exanples. DESCRI PTI ON OF EMBCDI MENTS

[ 0030] Sui t abl e enbodi ments of the resin conposition for

25 sem coReuGtRy ERARSWALHOR A0enkNe Sem Gandhiet OE Ho¥ireR ALk dh Agup
to the present invention will be described in detail, with reference

to the athaghedy & aw Nas c¥eaW 4 8msi Nwhhee ﬂk%sdﬁl%@r iR '1%19{ n%ﬂewzl,th

drawi ngs, identical elenents will be assigned W th identi cal

and any oyer hapRidik eXpkAbat LQRs, wt'hlefwtcperég%étagfés %%O%Ht g@s from
resin conposition for sem conductor encapsul ation of the presen
i nventiongcept ai; st esl Bp( At &Hrfpgma@e?k 68) wiAd 8 s ang
inorganic filler mater , gtheeoxyresm |ncIu es an
ele

Formi (I fyR5rt e ‘?E‘CZ%% st b R A R e Bt B ppeacn
t R2 a o I Vi t 6 carbon at o
or an ar oﬁéﬁﬁéeﬁ?&%%@%%%%ﬂg%%ﬁ RalERsR: 200E e B Hair e o
RI d A5 T ecti-ve dent cal r different from
eaihagt heR§1Si g%)réégr esentgsgﬁ ¢ egerll’ f?o?‘n 6uﬁ§u4: th Lr”éb egsﬁ’trses%nted by

t f ; d esent ninte f
Accordi ngr?%e%%lgrleogi”ﬁuw%iﬁ R e wpbky L PEan AT F SRR e RS ed bY
corrponent epre nt, for rrul a (1) in which 0 1, and a
conponent “(81 §€P& rlg:sléﬂ%/éldl T Fe™Adr il B ERF Gt 1n“ed01p in a row,
Furt Q%rrmre }:Eeh%l e@nglrr(l:é)ng gtgérgg\éle%ewg{c:h ehach other, or may be arranged

randomly;

a naphthel resin (b2) represented by formula {(3):

\ A \ A (OH)h

(R6)g

wherein in the formula (3), R4 represents a hydroxyl group
15 or a hydrogen atom; R5 represents a hydrocarbon group having
1l to 6 carbon atoms, or an aromatic hydrocarbon group having
6 to 14 carbon atoms, while R4s and R5s may be respectively
identical with or different from each other; R6 represents
a hydrocarbon group having 1 to 6 carbon atoms, or an aromatic
20 hydrocarbon group having 6 to 14 carbon atoms, while R6s may
be identical with or different from each other; f represents
an integer from 0 to 3; g represents an integer from 0 to 5;
h represents an integer of 1 or 2; m and n each independently

represents an integer from 1 to 10, while m + n 2 2; and a



14 present invention includes a sem conductor elenent encapsul ated
with a cured product of the resin conposition for sem conductor
encapsul ati on descri bed above. Fbreinafggr, the present invention
will be described in 5 detail. [0032] First, the resin

conposi tifan-{&f, s ga&@%%_m&&zl@%!Q%QEEeUﬂ@iB&]eag.%érwg%Of&he
will be described. In the resin conposition flor sem conductor

| ati on of Al &l
encapsu %%fﬁb@ur%@eu%&ﬂ”féﬁf sk %@E:éyka§egﬁgpgkmyﬂgﬂEﬂﬁ%%gggn may

epoxy resin (A-1) represented by fornu ei nafter,

referred y 3 S - 1) ") 1S e in
[0033] * ThS ooh ras ot f a1 SRt I aSr P g Rl A A e RET Vi Phnea
phenol nyglaus_ i s, di tly n I,C i de skel eton. .
Accordi ng y@yt éééIrlo'f)ratt(fﬁl%oﬂn’aIé)]?rl)ﬁlggnlb%f aatxﬁgeg%ﬁ%%ofgglg%ﬁ{ei ! iéu% tc?ﬂ +8
restrict : , 4t hne nd_heat, resistance of the resin
conpo%it%%$%$€§52§359%§ <§%§2N%H%%%§e heFﬁ?Fﬁgé%ﬁQS T hegtERgs, and
pht hal i ¢ anhydri de skel eton i s buJ.ky, 20 and has_an aronatic .
structure, the el ddt %hﬁ%dﬁﬁﬁ§qrJ%ghiﬁﬁﬁﬁﬁﬁﬁﬁEﬁ%rgyrE%&§Qﬁatﬁ%)'
resin conposition thus obtainable is decreased, and a foam|layer is

qui ckly forned in JOHIR pbustion test, so that nore satisfact(oHi flane

resi st ance A% ned. Such 3 Q% i gi natin
25 anhydri =H-gtforist CHs ST +blHe
t he resista ol der of t Zofiposi tion

Particul &rR}K, Since the epo&%7k;5 r %Q (A-1) coghpkns a conponéht
havi ng a degree of polynerizat?on 0 1, which is a polyfunctional
conponent, the resistance to solder is markedly enhanced. This is
believed to be because, since the epoxy resin contains (n+l) 5
| act one ¥YARR1R et FAA @ W yke pd lar iRy HiaP oneenbPer U1 ¥ r e Rerep@x group
resin exhibits a chelating interaction with a netal surface, and
since th&28pPoxy ¥ &3 1P cortema{ o) epory grompsic ey dressrbaki ggoup
density of the nmetal interface is increased, and consequently, the
adhek? vehessi 1® rétall§ sarkerasednsiovhddich&momay the Fdertihatd wheh
hydr oxy group of the linker is substituted by an epoxy group, and the
resi n beeanss fifessenbsbrpr e cds cddnpar edl wreh resevrdrg | omal nbegphefigion
type epoxy resins, may al so be considered as one of the reasons.
Furt her mir 0 it thie nompventindgmalarbiispheger fype épioy 4 esilmslelblasand
the degree of polynerization increases, the viscosity and the
sof t eni ng2oiaty bacreapecaliongl ¢ hietewi £ ha lHeweeor dhffheetasé roin theh
epoxy resin (A-1), when the hydroxy group of the linker is
subst i t ubedhcry; an repoesgnoapant het ggsecosicbyn Dstoel ati ¥elyt desp easedt s
and therefore, the epoxy resin has

15 an integer of 1 or 2.

[6019]

According to another embodiment of the present invention,
in the resin composition for semiconductor encapsulation, the
amount of the at least one resin selected from the group

20 consisting of the phenolic resin (bl), the naphthol resin (b2)
and the naphthol resin (b3) is equal to or greater than 50
parts by mass and equal to or less than 100 parts by mass
relative to 100 parts by mass of the curing agent (B).

[0020]



20 a feature that the flow characteristics of the resin conposition
are not easily inpaired. Furthernore, the epoxy resin (A-1) contains
a conponent (al) represented by the forgula (1) in which n = 0. The
conponent (al) contains a phthalic anhydride skeleton, and has a

structure in which-@; 23 RhenQ)c HWE els d SnbrRded che ﬁ@%g%lﬁ%tgf{liﬁ%ntion,

anhydri de skel eton. Thé phenol nucleus 1s strongly bon

phthal i c gnhydr i-de i$Kebebess 1 @16 1S RRGNGL . AYGLeUS: éﬁcgk%ﬁtat ion, the
i ncapable 16 of free rofation. Wen the epoxy resin contains the
conponent ) - haw : - cturie, r,absor pt Lo te .of

t he resiﬁnggﬁ%gsgﬁig%%ﬂ%ﬁ%ép?gégbe ng%%hﬁ%gg ﬁggs g%h %%a?qﬁgl £ or
resi stan e, L Ncreas ince e a2
represenfg:% yetgh%h?glr?nglggill{glg%hﬁﬁg%&%ai {118 %%?ﬁ%@%@%é 5188
inth t t] dul us_ at -t refl ow t enperat.yr.e (240C
to 26§C?qn€g§g%gvgegge§s}g%.£%get gnatsnse (%Jfol l:gtfﬁestrreusc Iﬁr%glplgﬁéﬁ a?sorg £3%
car bonyl §5$f§5HE%c Qg an ether .structure in the nolecule, the

adhesi veness 10 neta lidagﬁ?ngéfiﬁﬁnéhhanced, the resin conposition
has a Iom%ﬂ@égL absorption rate and a | ow el asti ¢ nodul us on heating
as describe ove, and al so, the resistance to solder of the

sem conduct or _encapsul ati on package i s further enhanced. Furthernore,
when the el aslAicéxfﬁE;%h?%s}x? ﬁngtﬁ'leglﬁe ek 5heaRg8Sea tyeRV 8RS P/
a foam |l ayer may be formed quickly in a conmbustion test, and nore

sati sf act'dt v gﬁﬁ%“e%???&ﬁ QN FRGPREG.CQHO3AT OFrRR GaP§e LGt kPR n the
the formula (1) may be determ ned, by 20 Field Desorption Mss

Spect Y onEtHHE EDP VB NeFSPthe 1RF 1 BusPpeakd SdEBE bd By ANIEPAME T than
anal ysis nmeasured in a detection mass (mz) range of 50 to 2,000, the
mol ecul ar’ WdihE S A BRESvaRGecaftahe ¢ egetlias ont hafbeP OnPadf sbby mass
obtai ned at_ the detection mass (mz), and each of the n conponents

may be 25 §kRhtVei £@ By CordbrhEn§ W atd Dusopeaks igpexEPeegnal ydis.
Furthernore, fromthe intensity ratios of the various peaks, the
content rldx4%4] (mass ratios) of various conponents may 17 be

det erm ned. [0035] The epoxy resin (A-1) of the present

i nventi on cont &g 2d togponem embpdegem ed hyheheresemi] angentiieon, the
which nl, 5 and a conponent represented by the formula (1) in which n
= 0.1Pr efrerssbh y¢compe sépodan r sicn seaildondntapms e cappohent. opaurther
represented by the fornmula (1) in which n =1. In regard to the

content mpragporinens cfurtiheseacorpeneritsri Dthe epoxy resin (A-1), the
content proportions may be cal cul ated from 10 the proportions of the
peak intdrigl23ks of FD-MS. The peak intensity of the n=0 conponent

(al) nmeasured by FD-Ms is preferably equal to or greater than 50% and
equal to or | assdrithm§t¥ aand e emproefietabt o feqhal ptesentgt gater ion,
t han 55% and equal to or less than 80% relative to all the detected
15 peaks iof theerepaxyco@pbs iftAch) fotheepg@loridi€bsirton@kpthe at=lon, the
conponent (a2) of the formula (1) is preferably equal to or greater

t harp 4 0%cand regluahcte 1erdess than 50%ciandgk gor gepr afeerabl yogguak utrtQ ng
or greater than 15% and equal to or |ess than 45% relative to al

the det egletk pepksoef the1epexy residm a group consisting of a
tetrasubstituted phosphonium compound, a phosphobetaine
compound, an adduct of a phosphine compound and a guinone
compound, and an adduct of a phosphonium compound and a silane

25 compound.

[0024]

According to an embodiment of the present invention, the




20 (A-1). Waen the lower limt of the content proportion of the n=1
conponent (a2) is equal to or greater than the range described above,
curability of the resin conposition is satisfactory, and continuous
nol dability and resistance to adherence are satisfactory. Wen the

er |im fat cont.ent o : = i
upp i Mt sQf tdien28s §ORIeNts i 0pORt bR Rfcdde @ni%&g%iﬁﬁp;g%%% ga)rth%r

equal to or |less than the range descri bed above, f

resin congggigfggiés5gﬂﬁéﬁﬁ&tPﬁy-iﬁu&ﬁﬁéh”?&%’thﬁgggﬁéﬁggﬁég?%e xbon

(A-1) is desirably a resin containing a structure

pol ymeri zat.| f peh i p Iy¥%¥g 1.0 o 0 y
contain agégggbﬁéﬁ?:%ﬁ”ﬂﬁfg HF%EQEﬁggij %%hg?h?nggﬁégggéhégﬂg%ggfto a
the n repﬁ?hE nié§o%§ the formula 5(1) is in the formof the

hydr oxyl group before i'ng glycidylated. [0036] The ratio

22/ P1 of %B@zggak intensity P2 of the conponent (a2) with respect to
the peak intensity P1 of the conponent 10(al) neasured by FD-M5 is

preferably equ to_aor. greater than 0.1 and ual to or_less than

10, Cand wor e prerarary SR PG Daral 6 THAR S 2 hhd TtRAr 108 oF e
| ess than_0.8. [0037] The content proportion of the conponent (al) .in

t he epoxyrfglpegqpq c ?1p§ Qﬁeﬁg%F OB %r%acaPsmi%ﬁl%ﬂd%H%Féer
preferablg SgW&b area or _nore, relativg to the total peak area of

the epoxy®PBSPHTA-A)CPHPA1§E T Mealfon chromat ogr aphi ¢ (GPO)

anal ysi s. the lower Iimt of the content proportion of the
conponent[gggg]is in the range 20 described above, fluidity of the
resin conposition is satisfactory. Furthernore, the upper limt of

the ddntent prdporPraAnGr oM CORRMERENCPT e prersrabliynosnt byn, the
area or less, and nore preferably 90% by area or |ess, as determn ned

by a gel JE)%?Fr@atq%fﬁ?%%%ghﬁpoé%prﬁ%m%@eﬁ%%sﬁ%?a‘;ﬁéﬂ%WQSfﬂﬁﬁélrer
limt of the content proportion of the nonomer conponent is in the

range desePRbédghdiie, 1RAEIBAIdhclel pBEwsEk a2t owSehar act eri sti cs
and curab%éggx]of the resin conposition is

According to the present invention, there is provided
15 & semiconductor device including a semiconductor element that
is encapsulated with the resin composition for semiconductor
encapsulation described above.
(0028]
According to the present invention, a resin composition
20 for encapsulation which exhibits flame resistance without
using a halogen compound and an antimony compound, and may
achieve an excellent balance among continuous moldability,
resistance to adherence, resistance to solder, and high
temperature storage characteristics at a level higher than
25 the conventional resin compositions, and a semiconductor
device having excellent reliability, which uses the resin

composition for encapsulation, may be obtained.




19 satisfactory, and continuous noldability is satisfactory. [0038]

The viscosity of the epoxy resin (A-1) is preferably equal to or

hi gher than 0.1 dPa-sec and equal to or wer than 5 3.0 dPa-sec,

nore preferably equal to or higher than 0.2 dPa-sec and equal to or

| ower than 2.0 dPa-sec, and particularly preferably equal to or

hi gher than 0.3 dPa-sec and equal to or lower than 1.5 dPa-sec, in an

| Cl viscosi,t i n r limt of the IC
viscosityéfgxﬁgqﬁ%x?%zP?gﬁégquéggﬁbggaggg@%? curability and flame
resistancio%fgﬁhe resin conposition are satisfactory. On the other

hand, when the ‘upper |limt is in the range described above, fluidity

of the resin cog?osiéion IS gatisfact.r]\c/iil g@anwhile, the 1Cl .
viscosity may be’Heasurdd by ugPAg a1 S 152EdNE f st EOVFSSE e Al
manuf act ured by NMST i neering, Ltd. [0039 The, softenin )
ot St | TEGEAHIITNE Ty ABELR (A1 CRECHPEHHRF § DGE Y0 T & resin
hi gher than 55C and equal to or I ower than 90C, and nore preferably
equal to SPYRCGHErL R 26 BHE MTUEGTH PG 3ES Y bkt OPharc8oEinghéR the
the lower limt of the softening point is equal to or greater than

t he rangePd&SEAhedBBBYE M he resi stance to adherence of the resin
conposition is satisfactory. On the other hand, when the upper Iimt

is equal to or Téds £hdf thedtadgerdesklipedatbinge,a 2Brepargier jgfnal
the resin conposition is satisfactory. [0040] The epoxy equival ent of

t he epoxySF&&CH Y7 BT jan %arppéﬁepé%aySé@@et%i@e gneapsu tdfahoribype
g/eq and equal to or |less than 250 g/eq, and nore preferably equal to
or gridéat ePehhaeERECgpeqdaid eyuasing thd as3s ihano2e® sy/tetpn Whem t he
epoxy equivalent is in the range described above, fluidity, 5

cur abi | i t yemAgodmet peseorarsai bitihe resiardbnposiot itdre greesent

sati sfactory. [0041] An exanple of the nmethod for synthesizing the
epoxy resinveAti)owi || be described bel ow. The epoxy resin (A-1) is

10 obtained through a two-stage glycidylation reaction. As a first
stage, a nm xturiigonBashibmg amphihdiphthateeneponpourdsian. used in the
epi hal ohydrin conpound, and optionally an organic solvent is heated

and stirrBdaapledC to 100C to carry out an etherification reaction

bet ween t he phenol pht hal ei n conpound 15 and t he epi hal ohydrin

conpauvnd. Subsefiugnt iyshgwyciady [Fai-oh &5 Caer épdxquirdyyi sequesddal hythe
or continuously adding an al kali netal hydroxi de under the

t enper at uUERag@Ndid.i ons of

Fig. 5 shows an FD-MS of the epoxy resin 3 used in the
Comparative Examples,
Fig. 6 shows a GPC chart of the epoxy resin 4 used in

20 the Examples.

DESCRIPTION OF EMBODIMENTS
[G030]
Suitable embodiments of the resin composition for
25 semiconductor encapsulation and the semiconductor device
according to the present invention will be described in detail,

with reference to the attached drawings. Meanwhile, in the



50C to 100C, and in order to further carry out the reaction
sufficiently, the reaction is carried out at 50C to 100C. 20 Here,

t he nol ecul ar wei ght of an internediate:R§ the epoxy resin (A-1) of
the target synthesis product may be conttolled by changing the ratio
of Lhe phapglnfithal o0 camPoRRd and, {¢s ePRALAYILL N AP, LA pe
exanpl e, when the glycidylation reactidn is carried out using the

epi hal ohydci;n oupgd,{,n auppnt to 3 flpes e i_ght .

t he pheno?phtﬁgﬁg?n cgﬁ%ou% ?%gﬁ'lnters %P%&g’pr6ﬁﬁgf %b§th§%§%§§vgglng
resin (A- t.aini e .N?2- t be synthesized. On the

ot her 21é%§§§?“ﬁ%%%9?héggﬁyéFéyﬁgngﬁggéac Ion is carried out using
epi hal ohy bpglin an anount of 3 tines or nore the weight of the

phenol pht ha ei& conmpound, an epoxy resin (A-1) having a very high
proportion of the n=0_conmpaonent (nononer) may .be 5 synthesi zed. a.
second stage, whah FHE Pr & O%ﬁﬁé?ﬂggo%nSFﬁ&?ﬁQ%ﬁgg?ﬁggngﬁ?%ﬁfgtlon
epi hal ohydr.in conpound _are allowed to react in the presenc f a .
quat er nar § - anor Ur SAF £ AR EA O8 R Tot P ThGBPEY BE SdftdP rhe Curing
tenperature conditions of 50C to 100C,, glycidylation of the al coholic
ydr oxy | 185GE0UD) of SRHE T AT AT ACet bLOGCRY ey 180 (&Iri 88 obES SRSy
Subsequentléh unreacted epi hal ohydrin is, collected by distillation,

an or gani EES4MvEN BRUChUEE St R FfREBrE et hylA 7 SbBRRA e kefbRe PX1fmgmula
is added to the reaction product, and the reaction product is
subjected(@b’the processes of water 15

washi ng- dehydration-filtration-sol vent renoval. Thus, an intended

epoxy resin may be obtained. FurthegrngrE, for the purposg of reducing
of the ampbunt of inpurity chloring or Yhe |Iike, a solvent\ such as

di oxane or dinethy“ugglfothF,(l 50) ¢ray be qn:ghin §hi nation

during the reactiony 20[00 He pheno{ pht hal € n conpound

that serves as.a rafiNmgteriZak Qf [t he epoxy resf{ XA 1LY<rs, hot
particulaM =w0' A _phenol \ gonpogrirdyhas~<g
pht hal i ¢ anhydri de Ske¥ef ¢n affdl has a structure ch/t o phenols

25 are bonded to a garbonyyl group on a single glde.YExanpl gs of (1)
phenol pht hal ei n cofp {o v,ich satisfies thig di tN_on i ncl ude
phenol pht hal ei n, cikg D alein,\ 22 S

dinethoxyphenolpht'?‘ein,yichlorop enol pht hal &%, any

a- napht hol pht hal grgy,Fr om Dhe vi ewpoi nt of t¥§2mg i ndgstri/ally easily

avai habl e, the use of phenol phthalein is particularly preferred.

These phenol pht hal ei n conpounds nmay 5 be used singly or as m xtures

of two orwhereiki nedsthf0fd8hula (1), R1 represents a hydrocarbon group
having 1 to 6 carbon atoms; R2 represents a hydrocarbon group
having 1 to 6 carbon atoms, or an aromatic hydrocarbon group
having © to 14 carbon atoms, while Rls and R2s may be

15 respectively identical with or different from each other; a

represents an integer from 0 to 4; b represents an integer
from 0 to 4; and n represents an integer of 0 or larger.
According to the present invention, the epoxy resin (A-1)
contains a component represented by the formula (1) in which

20 n 2 1, and a component (al) represented by the formula (1)

in whichn = 0. Furthermore, the semiconductor device of the




In the reaction of obtaining the epoxy resin (A-1), epichlorohydrin,
epi bromohydrin or the like nmay be used as the epi hal ohydrin, and

epi chl orohydrin that is industrially 10 sily available is
preferred. The anobunt of use of epihal ohydrin is preferably equal to

or nore than 0 moligande eglal § Q-9 d8sS tahansém(_acm&?ct?Pd r@%@ment
I I ess than

preferably equal to or nore than 2.0 noles and equal to or

5.0 nol es L I . r .he s
phenolphtﬁgfgﬁﬁa%%ﬁ%%gn i %thI%ggtgégggéﬁiégégggﬁ.Q%Faghé%gﬁﬁﬂ%%tlon
of use isgless t N descr ., the rgaction proce
inconplet£F$? anggtlégguégggS%isk %%g%gfﬁgg¥ﬁﬁfé naﬁE%%%%f?%gate.ggéve'
t he ot her o d e nt._of use i.s greater th t he range . .
describenggﬁkgé%%%Péoggﬁgohﬁﬁﬁ%%%eépé%&ﬁ grgéi?aEfﬁsgegﬁgﬁqﬁﬁaln
annuntsofd%QI%Iine i ncluded in the product may increase. Furthernore,
in the secon&'gtage reaction, the anmount of use is preferably equal

to or nnrz Q%I 0.5 noles and equal to or less than 5.0 noles, and

nore pref P %3 equal to or nore than 1.0 nole and equal 25 to or

| ess than 3.0 ngIes, rela%ive to 1 nole of the, al coholic hydroxyl
group of the proddétrof tRE finsI1RtaGe RATtILAD | £ e SRBUMORFUCEOT
use is less than the lower limt described 23 above, the reaction
proceeds PREGHAIELRF YOm0t o Rirdsisoh 1oV arEoRsI YL hyke S8kt bags In
is made difficult. On the other hand, if the amount of use_is |arger
than the GpFeFCPi £OHOSTH beon abov e eRheCRESC it rasiRs L hal iomepé the
is arisk that 5 the anmount of chlorine included in the product may

i ncr ddse. PEGEENT inventignyha gBesRd Kitgeledactves reoobtzaR ng(A-1)
the epoxy resin (A-1), tetramethyl ammoni um chlori de,

t et r amet hjPREATSHAURE Briovi Hermyed at Hd )l i (e maynpéteged My tire ddferred to
quaternary amoni um salt. The anmount of use of the quaternary

amoni um 38l t PP ¥ efefabl  Fegual ) t dSomsest e2% hihe0ePP 3wl eesand (A) -
equal to or |less than 0.50 noles, and nore preferably equal to or

nmore thanl0083Inol es and equal to or less than 0.20 noles, relative

to 1 nole of the alcoholic hydroxyl groups of the 15 product of the
first stage reatheoApolk045isin (A-1lSodiasmayrh okedekepettassiimwhich a
hydr oxi de or the |ike nmay be used as the alkali netal hydroxide, but
sodi drm hydhexiode nisc peeferdsedliThetapoiminddéduse e&f phehalkal iame¢dtide
hydroxi de 20 is preferably equal to or nore than 1-fol d equival ent

and equal skelertdress Admaord Onfidlyd edid wad et Sonandmoariesrpref ertedlyhenol
equal to or nore than 1-fold equivalent and equal to or |ess than

2-fol d equizedkernt $s retatriveetdy dndquihval endughintbe dydroxat ryoOUPSance
to be glycidylated. The al kali nmetal hydroxide nay 25 be in a solid
formor nay behén was aquennspsslitiioon tormm bBR4GInaEer e8idl enhanced.
conposition for sem conductor encapsulation 24 of the present

i nvent i oNFaRY heSencan®f hel nepox el phikcha 1N € Qivbh Pakier, ske tdesexi 8iulky
that the effect of the epoxy resin (A-1) is not inpaired. Exanples of
the epoxyaf@shBst Bat amB¥ale dsad-hd:GeBDI RAL en 441l Mde BQYakaent ¥PEigh
epoxy resins such 5 as a phenol -novol ac type epoxy resin, a

cresol - noyehpe riyier £PeXY gEesifN t ANd-&s L hi BReRRIIBLNGReL hYRe BRAYnable
resin; aral kyl type epoxy resins such as a phéenol -aral kyl type epoxy
resin havi 89 g phenukene skal el omeand 1@ phenals apalik: § YRS SROXY in
resin having a bi phenyl ene skel eton; napht hal ene type epoxy 10 resins
such as l5.ar I esi,n : I p | e :
skeleton?cgﬁﬁgsﬁﬁﬁgﬁégé??y%a?§%§93%§§§ ?g&#?%%£?ﬁgya?%?%ﬁ%%%%i&;ance
skel et on, ; andpa difydr O@J@i’?hgh%'e%rfﬁiﬁé/pgr?_g?@étr'qfd Ng Lh! NS hthalic
nucl eus-cont al ni ng epoxy resins such as tri yC|dy i SoOCyanur ate, ‘an
monogl| y'aﬁ'fgjgpx&' | dpoh seeyanural g, and bréf'ng Sl £ pydegearhbon
conpound- no ie pheno? as a

fype epoxy F€sins suc

enhancement of the resistance to solder of the resin

composition thus obtainable. Particularly, since the epoxy




In the case of using such another epoxy resin in 25 conbination,

the m xing proportion of the epoxy resin (A-1) is preferably equal to
or greater than 50 parts by mass and eq to or less than 100 parts

by mass, nore preferably equal to or gr er than 60 parts by mass

and equal - lgss, { h parts an rticul ar

pr ef er abl §E§&81;| (?%Slo)ﬁ gcrfj%%tcég%tshaﬁ 7 paé?@é% rrgsagf%élrgd (Lagqua#é/?%e%r ot
| ess than %Qgr&%af%%ﬁy?ﬁgéfon rZellat %Mecfr)l]?i%ﬁg p%a‘f}tzfugéétr{asnsatlpfcc}mhpeonent,

epoxy resfn wer “I'im e ‘mxi ng proﬁor i oni's

equal to gr er.than the ra descri bed.above, continuous . ,
nol dabi | i ?g}e rlgezlégs“tc’gﬁgé:et opgdhseorr%ﬁ%]é, R a%rkgﬁs ahfe e 'sta#g]elst ot®
sol der, and-high rature storage characteristics may be enhanced
While sat PSRAGTGy T FodPiy A T aBrF: FOCoF PPRY FESIT GORIeT 4T op+ 1)
are intained. [0048] 15The |ower |imt of the total mxin

pr opo ioﬁaSEQtnr‘?[es t?ﬁ%?n@?’%“ﬁobl &r?f’&@l%ﬂrq% 11 rﬂrteeﬁlogjtﬁffu%ﬁe the
m Xi ng proBortion i s preht—;r%f,blg 2% by mass or nore, and nore

pr ef er abl PR\ TSR 5FHOTEE S of FPRE WAot B9 r 6B F@GHpbRT t Mok h VinaRetal
the lower |imt of the m xing proportion is equal to or 20 greater

than the ?aﬁéé%sépidb%an&ﬁo‘ga,e PWPEY i Pt PFU BREP SRy TBe SDPRYEEOUPS,
Furthernore, the upper |[imt of the total m xing proportion of the
epoxy resFR§ FEORASL FMIRUICHTISAFY AT &die BEt athd nisd iR prichdmq A sed.,
preferably 15% by nmass or less, and nore preferably 13% by nmass or

| ess, of 2RE WoiEe2BeREdvn cohpodihesd.varnst e Widerl| LA trsfradeed.
m xi ng proportion is equal to or |ess than the range descri bed above,
sat i sflact bRy thegimaemcet e $oladertimly bbeobiaintety gpeup0ef9ol-he linker
The curing agent (B) used in the resin conposition for sem conductor
encapsul at Fopubf tilfalyreédentan menty ohr aap bend phenole sigsibedased less
curing agent. 5[ 0050] The phenol resin-based curing agent of

t he preseabspmpdntion speefippald/ wilndl adeyeatt 1 easl whepphendl type epoxy
resi n-based curing agent selected fromthe group consisting of a

phenol resénifiB- 1) mhgvi agsa repeaténgideriredt asct ane cofit dilmé ngrdawons .
10 or nore phenol skeletons (hereinafter, nay be referred to as

"phenol rEsrkhheBnl)rg, iantdhe ocaphehdigesl i(HR2¢nbavi pgeaepoxy resins,
hydr oxynapht hal ene skel eton or a di hydroxynapht hal ene skel et on

(her éibnaf derthaayeheceed érped yine raisz 8 hapht hot reesias ( B viAS@sity and
result of a synergistic effect obtained by using 15 the epoxy resin
(A-1) andtsachod tphrenod pesinfi- Hasetke goei AJ cagerihé Rewombi.natHicaisvd he in
resin conposition nmay achi eve an excel |l ent bal ance anong resi stance

to sol derthbi ghstespetatuep ot pragei chasacy or yakinCshdhingiroxy group of
adhesi veness, and continuous noldability. Fromthe viewpoints o? t he

hi gh 20 tenpelahldes StHrageseNRALEIH St hASRK LUEIAYPUShe viscosity
nol dability of the resin conposition, the phenol resin (B-1) is

preferredi sapd1bramding od empakats aind hedForsehar aeteldpd £S-@0fn has
sol der resistance characteristics, the naphthol resin (B-2) s

prefepreds ltchsupelf ehall et selRGl 2hd PecphenQe f1&si sPasqe resin
curing agent in accordance with the characteristics required fromthe

_ 0 ace _ | . c
resin conpgsbbisqn if M S&MeANdUctor 2@?5?% ?Pﬁrtq{élt}ﬁ%?@[ethgr@ﬂbxy

the 27 viewpoint of noisture resis ty of the resin

composi Li pasEar GeM £oRduaLor, encapsihabhan el s pbiainabl &,88d fPMne

the viewpoint of curability o e resin conposition

sem condugl p,,, 1£N€ 1*3yd{19><¥hi%'iq°;hgr=:g¢" vajent of L6 b Phgno! gontains a

resi n-based curing agent 1s pre y equal ‘toor greater 't

g/ eq and . r . L ha eq, r eferably equal .t

o or oat 'k Rah G0 bR SRASeRra T e M R BEEUT R Y vndnTenkR 4

hydr gxyl equival ent. is in this range, .t.he cross,|inki ensi

of t écugle%}{grlo hlgge of° fjr?endree%itno (J:C%lr%éjsk]ttr?%ﬁlFsapﬂgpgésg%,sqﬁ%éxn'
The phenol nucleus is strongly bonded to the phthalic

anhydride skeleton, and the phenol nucleus is almost incapable



The phenol resin (B-1) is not particularly Iimted as long as the
phenol resin has a repeating unit structure 15 containing two benzene
rings to which phenolic hydroxyl groups e bonded. However, a
product obtained by pol ynerizing a pheno conpound and an

acetyl al dghyge ganpo %egoas essen | alevir ga,@%gm'éoz&léaggﬁa%h}g%ogu

catalyst is preferre and fronrt e s of cura
reS|stanc ghenol 2 sin esent e for 2)
preferred 2 regarIIl tgug e pﬁ£$40¢§g%ﬁ ?& (%%g#esen eépﬁ %H%% % Sof

(2), a phenal in in whic vepage val ue of _d |s 1.or |ar i S
partlcularﬂ% p?e é%ﬁ&? ec%ﬁ%én g ?%Sledﬁ'§KEX€&q SEEERET Ru ug hiat

nnldablllt Ies of such a.conpound i ncl 5 as commercially
avai |l abl e %r‘s&%& §$° VERE ¥500° rrar]rﬁjfcar%p ftf?%‘& by uhfg?%gﬁfr%ﬁec’ since “the
I ndustries, Ltd 910- 20 nanuf Air ter, lL.nc. .

wher ei ﬁbfﬂﬁ’&fr%m?ayf )fepﬁae%%fbr% ilenyfo%&% Boﬁldrdﬁb%mgn =
l1to6 caiboH g , an aromatic h droca bon %rou haV|n 6 to 14
carbon at aghi-e Q@&%ﬁ%ﬂ%&ﬁl F TP ﬁC§ Jf‘Fd?ﬁ’dUluS
each ot her; E represents an integer fromO t ;€2 represents an

i nteger ffont et6e§lQMMWQ§Rﬁ%§%ﬂHecé§4ﬁa§:S@ ?é@pé@tﬁ@@f?ﬁ(ﬁﬁﬁﬁ%%ﬁed
with or different fromeach other; d represents an integer from1l to
10: e repPBgehPsthf PRIGJes HHUMT BT ES 3BChaAd RheasPr@ctiusdiri@iere and
represented by 10 the repetition nunber d and the structural unit
represent & %gh?ﬁesFéﬁéﬁﬁﬂﬁbﬁihﬁﬁﬁemoéeﬁﬂﬂfbetﬂe&eeﬁviW%T?HEﬁﬁeHOdbetal
inarow, may be alternately arranged with each other, or may be
arrafded paAdGHSE 1D0HPHan5FHe ﬁélﬁnmﬁﬁlme%@mpeelz)lqrsw a low water
particularly limted as |ong as the naphthol resin has a structure

havi ng a Apaeapiriapht BalteneaBRelaet bawore ha gt hgdroxgwapht el eheating as
skel eton. However, fromthe viewpoi nt of heat resistance, the

napht hol de§b#ﬁh¢¢mﬂbopﬁefemﬂﬂ%&%pnaphehabsi&ﬂan@bzyOZBdtndmgoé the
structure represented by formula (3) and/or a naphthol resin (b3)

r epr esent edmbydrotuet ar ( Hncapsi pattiooul aekykagref £salfiyrGhaaphktrtidnced.
resin (b3) represented by 29 fornula (4).Here, R4 of the naphthol
resin (b2Furrshpreierabl yhanhyteoryla grioupnddoiushénveepaihnttemferature
curability and continuous noldability, and R4 is preferably a

hydr dgen atomef Hemddrer va eafei at $oafn rlesyst anee be solterd andidkageih a
resi stance. Furthernore, in regard to the hydroxyl group that is

bonded t octheusaphihat ese, skeldete i $at s sgrefterapl £1 4hat res3 skt dioe is
the viewpoints of fluidity and resistance to solder, and it is

pr ef er abl ebthaindd .= 2 fromthe viewpoints of continuous noldability

and curability. Exanples of the

(0034]
The value of n in the formula (1) may be determined by
20 Field Desorption Mass Spectrometry (FD-MS). For the various
peaks detected by an FD~MS analysis measured in a detection
mass (m/z} range of 50 to 2,000, the molecular weight and the
value of the repetition number n may be obtained at the
detection mass (m/z), and each of the n components may be
25 identified by combining various peaks in a GPC analysis.
Furthermore, from the intensity ratios of the various peaks,

the content ratios (mass ratios) of various components may




10 naphthol resin (b2) include, as comrercially avail able products,
KAYAHARD CBN and KAYAHARD NHN manuf act ured by Ni ppon Kayaku Co.,
Ltd., and NC30 nmanufactured by Gunei Chem cal Industry Co., Ltd., in
which R4 is a hydroxyl group and h = 1; "SN-485 and SN 170L
nanufactu%gdd%%éggg&g asei Co., Ltd., 15 in which R4 is a hydrogen
atom and = 1I; an 375 and SN 395 manufactured by Tohto Kasei
Co., Ltd. O. 5 ich R4 is a hydrogen atomand h = 2. On the other
hand, in Fegar to the hydroxyl group that is bonded to the

napht hal ene skel.eton of the_naphthol resin (b3 it i.s_preferable .
That €= o T or Ehe BO-vi BaBornt 2of ) P ot REdt ™ FESPS: AREE Rar Bas 3ine
as a synthesis_nethod, when napht hal enedi ol_ and . .

a4 b Sch) EPOREAIR b BHRRGF A Taat ot b0 SRERE 1 bht ol Rat®ridh B > 1.
ni trogen atnosphere, and the nolten duct. is_allowed to react at_a

hi gh CempaPt ar SOMRPAIS ST § TPAG SR HbH Aot 5P RTS8 o)L i i WHIBHCR B =
2 may be btaineg. R 1:16)g whereinp in_the fornula (3), R4
represent$-a hy8 8%?ﬁiﬁ(n&@8regoﬁﬁﬂ?ﬁﬁﬁpaﬂéﬁﬂ)R§9¥$ﬁé§énﬁsQQmpon@nt
hydr ocarbon_group having 1 to 6 carbon atons, or an aronmatic

hydr ocar b&ﬂzgrﬁ‘ﬁﬁrﬁé\ﬁnﬁg@ﬁ%%’ téer&ocadibioh @tlorks "RASaRd=R5s kY Hgard
respectively identical with or different fromeach other; R6

r epr esent §9atR§dFEE&EEYN RFORPT haPisg of ttd 6 e HPBROBESHRS gy tdre epoxy
aromatic hydrocarbon group having 6 to 14 carbon atons, while R6s nay
be identitafifi {Ah-dr differemtensnPeape diers nayvebresancsilated from
integer 10 fromO to 3; g represents an integer fromO to 5; h

repr éfent 8hanPrapegdri @is 106rthe peadd imtegehi t hdspedd@miME. The peak
represents an integer froml to 10, m+ n 2; and the structural unit
represent edtBpstify repetits on—fumisarranamt t(ad )stmassurald umyt FD-MS is
represented by the repetition nunber n nay be respectively 15 |ined

up in a rewe feupld alaarahted youarganged rwihlareddts etitergqual ey de less
arranged randomy, but -CH2- is essentially disposed between the
respecti vehanr @0tur esyd wherei priefdiabIvoraghal( g 47 gepeesentthan 55%
hydr ocarbon group 20 having 1 to 6 carbon atons, or an aronmatic

hydr ocar bomndgequp lhawi g 6.d¢w0s 1dhear BOA ,atreris t e | eoREZ3 Inmayhcbeletected
identical with 31 or different fromeach other; kIl represents an
integér fpeakd bd Ghdc2poepr ewearnirs ah-ilntegehef m@nld 10ténswhiy e Kl She
and k2s may be respectively identical with or different from each

ot her; s nepresepbscat i(tEgerf frtomibimull; (andit pepreseiiby 2@lal to
integer of 1 or 2. [0053] The resin conposition for

sen condust ogreacapswaid ono efahbheepiiesento idwend s Nt ABY: U9 antideafore
curing agent in conbination, to the extent that the effect obtainable

by using preferably equal to or greater than 15% and equal to or less
than 45%, relative to all the detected peaks of the epoxy resin

20 (A-1). When the lower limit of the content proportion of the
n=1 component (a2) is equal to or greater than the range
described above, curability of the resin composition is
satisfactory, and continuous moldability and resistance to
adherence are satisfactory. When the upper limit of the

25 content proportion of the n=1 component (a2) is equal to or
less than the range described above, fluidity of the resin

composition is satisfactory. Furthermore, the epoxy resin



10 the curing agent (B) is not inpaired. The curing agent that may be
used in conbination is not particularly limted, but exanples thereof
i nclude a polyaddition type curing agent, a catalyst type curing

agent, and a condensed type curing agenﬁﬁ 15[ 0054] Exanpl es of

th I Pt t ' t_includ l.yam d .
e A0 AR O AL AL TR i

triethyl enetetramne, .and net axyl enedi am ne; aromat i ¢cpol yam nessuchas

20 di ani OGP EREn I EHAHE L T BRS Brtedh Bt heviard 10 & BO1YEuNEE enas
di am nodi phenyl sul f one; . di cyanam de, and organi ¢ acid_di hydrazide; |,

aci @ anhyaPRERSATHC! (I hd'aY I RYRT T Chati CCRRRYARTIES ShdIFrAEhe giyeidyl
hexahydrogh hal i ¢ anhydri de_and nethgltetrahydrophthalic anhydri de;

and ar omatFe®aci B 98 dhhyarFdes ShchRad theBrA FHRPRhRydt R dere formula
pyronel litic anhydride, and benzophenonetetracarboxylic acid; _
pol ypRenof Léorbdurids §héh ggrﬁbv%gadﬂ%%péﬂﬁﬁéﬁ%Y%c FeRERs, Paher phérping
32 polynmers; pol ynercaptan conpounds such as pol ysul fide, thioesters,
and t hi oe?hBF<dYilsdc§RAnat e conpounds such as i socyanate prepol yners

and bl ocked i socyanates; and organic acids such as carboxylic

aci d- cont 8?RPRd pol yester resins. 5[ 0055] Exanpl es of the

catal yst type curing agent include tertiary am ne conpounds such as
benzyl di et hyl aPi@e aihdo X4, 8- oii s nee all bnt aosdithy Pphehdihe component
i m dazol e compounds such as 2-nethylim dazol e and

2- et hyl - 4{ @@t hyllith deaptect ahd LDelpwiak doitsnsiutlh & B8F3tbenplompesnent
[ 0056] Exanpl es of the condensed type curing agent include
phendli ¢ (2%) nbasedecubiyn§Dadiéntis suel caalal phemod ! araldylgressieir than
havi ng a phenyl ene skel eton, and a resol type phenolic 15 resin; urea
resins su¢chlasnd egtibyl ¢t grolpscorthaimilng uraad resta; papd emedtng regual
resins such as a nethylol group-containing nelamne resin. [0057]

Anong t hese, ophegnaldteer eshanbd@sed awdi aguadenis arel2@sprafat redsin

vi ew of achieving a bal ance anong fl ane resi stance, noisture

resi stancggo@liéctrical characteristics, curability, storage stability
and the |ike. The phenolic resin-based curing agents include all of
nmonomer s, ol i gorms orash PANOEs 5t 1 0aChf hadd agripen Oft e phepskidooxy
hydroxyl groups 25 in one nolecule, and there are no particul ar

limtati onsson tire-npl ecul Bf e WRIrGM1 ANWOBDIBEULRE St & HC Y | h8hAOTRore
however, exanpl es thereof 1nclude novolac type resins such as a 33
phenol - nqyet ae reesivh codl By chesal J1owad A€, r esil Byt :npdi £4 edhpheR@ldic peak
resins such as a terpene-nodified phenolic resin, and a

di cycl opeqt adi epe- madid i egh, phonolries iresi pa—phenaly aral kybiregieleation
havi ng a phenyl ene skel eton and/or a 5 bi phenyl ene skel eton; " and

bi sphenol cicpsRAY RS S am@tw@&a%s@s&nd wsphenol & fhesk; feyrbene

used singly, or two or nore kinds may be used i n conbination. Anmong

t hese, frmﬁgﬁtvi@%w&i% G abp L taom;%@ﬁehxdrp%%i ggrggwg% 4thg range

equi val ent 1 s pref ly equal to or greater than

equabgto SE%EE hagb%%,g/%ui%g?ﬁl of t?ﬁl n.Loe cagg of LSing, g

= .
such anot her enolic resi'n in co ation, e M Xing proportion of

; pgugt | east ; 0RE RRENP! T Gl L8 B hAsRd ULl ngppdent S ected fromd e, nt

proportion of the component (al) is preferably 95% by area
or less, and more preferably 90% by area or less, as determined
by a gel permeation chromatographic (GPC) analysis. When the
25 upper limit of the content proportion of the monomer component
is in the range described above, the balance between the flow

characteristics and curability of the resin composition is



15 consi sting ofa phenolic resin (B-1) and a naphthol resin (B-2) is
preferably equal to or greater than 50 parts by mass and equal to or

| ess than 100 parts by mass, nore preferably equal to or greater than
60 parts by mass and equal to or less th 100 parts by nass, and
particul a ; y I ar 7 .

and equal %tg)cﬁ“lgﬁigp#haﬁ%%oc%%?éuégsmﬁgégﬁg??\yeql%a%)gl%é?tgg%fﬁy'
mass of tQ%O%Hging agent (B). Wen the m xing proportion is in the
range describeJ above, a synergistic effect induced by the

nmbi nat i it i Al b bt.ai .. 250059
comorne on,u Bygn ARy 651 B SR e 9L T PO ey
t (B) _in _th in. Lti 34 i d
e B PR TS EOTCBhR, Sohea PR Lo ke
1.5% | at i tq th t al t of thi i
Lol T3 e 008 LSRG 101 SR B MR R

in the raage.describe 5 above, the resin conposi tion thus obtainable
has sati sfaétaSF f14dtdi t3AY%r t her noFe, LPHETuppERN i it off BieS €6t al 21d
amount of incaorporation of the curing agent (B) in_ the resin

conposi t | Bﬁrft&rcpvsle?ﬁlcgnlaﬁeefsrra@rkséw%f iBA PE Pieherabin v byl hassec
or less, and nore preferably 8% by nass or less, 10 relative to the
total anoBff 6A4e FRKGH Jc%%ﬁés%ﬁ@n -0t &R eBAduéfiopn ICI viscosity
encapsul ati on. Wien the upper limt is in the range described above,
the resi n2B8HYESiT iddn LORUE obtEisratiie Heav satl Sthetof e Gl arcecedity
sol der. [0060] 15Meanwhile, in regard to the phenolic resin-based

curi A agéft BAd the eppxger e3¢ pCrabere absweof wsinrpbhiyva phénoflanme
resin-based curing agent as the curing agent (B), it is preferable to

i ncor por aFesiigd Jhep ol EheestAibasetrogiitigpagert savd s fecepoyy r 8si bhe
such that the equivalent ratio 20 (EP) / (OH) between the nunber of
epoxy grofpsefEPant, tweennthee vapoxy témin dmd itrhetmeinbengef described
phenol i ¢ hydroxyl groups (OH) of the entire phenol resin-based curing
agent woufdobe ,edualidbdter ofbrieh¢ harsd.n8 @rmpequaliro s bess stihmmtory.
1.3. Wien the equivalent ratio is in the range descri bed above,

suf fi ci entle2Bwiuirlieng Wharktt eri stoes tiyayalye beb@iarad- ediany thei ngsan ICT
conposition thus obtainable is nolded. [0061] 35

| nt hébesi ncorpedidt onfios sene tendnenorf ancapsdl BY/i WATOEnthe qeresefqt Ltd.
invention, an inorganic filler material (C) is used. The inorganic
filler matedBal] (C) to be used in the resin conposition for

sem conductor 5 encapsul ation of the present invention is not
particularly |iThéedofhehiay ipwiganae fisloler qmtenéabpbhdt desin (A-1)
generally used in the pertinent field my be used. Exanpl es thereof

incl ude fusegrsifld:ca 1 gphgubtak cSidih Gai gEEYStMdr Mes st ! hea, AUl Ngo or
silicon nitride, and alumnumnitride . The particle 10 size of the

i nor gani cLéwklreenamt onical, iahPhef a8 ahtyreadall f @ Hal A9 thath OrOdnan
pm and equal to or |ess than 150 pm fromthe vi ewpoi nt of
Fillabiligyonhad kel & Saytt VowkQ082anThey cont e e AT chiae jIRRI9aN] £+
filler material (C) 1n the 15 resin conposition for sem conductor

encapsul at oy £SsHet ePadd QY At Vi didd L gd, t?UBrt Ee%%tfgrtthair? the range

preferably 70% by mass or greater, nore preferably 73% by nmass or

greater, andceYeR TN, PEef enably. 80% by -nBss, Oa{dl%g%%?(r)e’r SR Ahkvesta

the total nass of the resin conposition For sem con
composition is satisfactory. On the other hand, when the
upper limit is equal to or less than the range described above,
25 fluidity of the resin composition is satisfactory.

[0040]

The epoxy equivalent of the epoxy resin (A-1) 1is




20 encapsul ation. Wen the lower Iimt of the content is equal to or
greater than the range descri bed above, the anount of nvoisture
absorption of the cured product of the ;ﬁfin conposition for

sem conduct or encapsul ati on thus obtain e maybe suppressed, or a
decrease | ngt h be._r . Th or a_cured

pr oduct h?\g}ie%ers%ﬁgf%%?%rﬁ??egf:s?g%%@%ro%%oﬁ%Iglecr /ﬁ?(%nagn yipat to or
obt ai ned.  Euyr.t her nor the upper Jimt of the content of the

inorganicl %I g%%ﬁu%ﬁ?a.ﬁ?%’tﬁgd ?@3%&9%?%% §§Vtﬁ&ﬁ%%ﬂto or greater
sem conduct or psul ation is pr.eferably 93% mass .or J ess, re
preferabl§h§f%?§§9ﬁ%§§qo?naeggya&n&xéﬁﬁﬁ Tora E%@Pe%éﬁﬁ§”§ﬁ@6byﬂﬁﬁgsthe
or less, relative to the total ,a nt of the resin co sition for .
senicondu?PSﬁYBQQH%K%E?Q%ibﬁ.l ngﬁetW§Qﬂﬁxﬂe??ﬁ??eggggﬁggmmﬁ%ﬂﬁd?gy'
equal to or |ess than the range descri bed above, the resin o

conposi ti GHEPRUS ThY AL rﬁ%sr%%&?§ﬁél&eor°§f FGi Py TP DL hhen are
satisfactor¥,nnldabiIity. Meanwhi l e, in the case of using an

i nor gani cSPiCdfe ¥EtAF Yant, such as a metal 10 hydroxi de such as
aluninun1h%droxide or magnesi um hydroxi de, zinc borate or zinc
nDbedateI Wildh will be described below, it is preferable to adjust
the total anpbunt of these inorganic flanme retardants and the

i norganic fill erRifatarp &f 2o thitemeings fescrybedcaboniarg thE0EBIKY resin
The resin conposition for sem conductor encapsul ation of the present

i nvent i on (fay)f urihér beordasarabegr ivglavcel dite orPERY. Mhelourifngl) is
accel erator (D) has an action of accelerating the crosslinking

reactlion petwdered Hehepog} 20 tresiptadd vhe cidyhgtagentreandiahso As a
may control the bal ance between the fluidity at the time of curing of
the resi nfeomposteien &orisenieonadutaonientapsudatiloh taed eim avinpoynd,
The curing accel erator nay al so change the curing characteristics of

t he cur edaprepiubt.l c26{d06d |compound$penidf optéxarml leg aof crivmrclie iswglvent
accelerator (D) include phosphorus atom containing curing

accel er at bss mgheds sanl 3% iongadhi etph®3phi ey  A00ELr asubstddtyedut an
phosphoni um conpound, a phosphobet ai ne conpound, an adduct of a

phosphi neethepduidanton e adbhencioapewsd, taadanadgieth 0fe Bn compound
phosphoni um conpound and a sil ane conpound; and nitrogen

at omicont andi fige euringl Shadeghecanpbsirslich A% sequently, glycidylation
1, 8-di azabi cycl o(5, 4, 0) undecene-7, benzyl di net hyl am ne, and

2-met hyl i s dazal€iedAoNg theseeqpiasphol Uy alonteant aivtul ¢ULdM ng an
accelerators may provide preferable curability. Fromthe viewpoint of

the bal angekbetiveernt £1 uhgdityxand @bl thY, tatmdoast uoBe ceBauUnEh 40, £
sel ected fromthe group consisting of a tetrasubstituted phosphoni um

conpound, s@°phesphobetai adcoAPoYAdr 88 add4tle Of-a PPesPhivKe reaction
conpound and a qui none conpound, and an adduct of a phosphoni um

conpound 3Rd£a SidrAey COPRAURd, S JPi&s RELE BEERdouNER B c o 100°C.
characteristic of fluidity is nore 15 enphasi zed, a tetrasubstituted

phosphoni 18y e0MReWNd,yd Be PR hirCYlArd Y P £ SHT §0t ANGL Wgp 1t he the epoxy
characteristic of a |low elastic nodulus on heating of the cure

product of.thg [gshh 893%%%2%%?ﬁe§°£ ﬁ@ﬁkﬁﬁﬂggﬁ%ﬂgugggﬁ%f%%?ggﬂﬁgélled

nore enphasi zed, a phos e comnpoun an ad

phosphi ne, g apound,ang ggicmgnsfcaw%wggggggmmegy.{lia%a{?gﬁﬁheéﬁadthe

Furt her nor aracteristic cura S nor
enphasi zed, . . Of honiL.um nd d a.sil ane conpound
are parti%%fggllé%%lér?rceog?g%‘gggﬂ Egﬁxggﬁﬁnﬁg’gedf %?'ﬁaen Bfléeaﬁiﬂg{:ldmatlon
phosphi ne . .he used. in the resin ositio or,_sem conduct ar .
bncapoul o Poatar Y e srasentdi OEPETRY PSR M habYusat st nd in
such,as 38 et hyl pho i ne pheny] phosphi ne; secandar hqsphi.nes
suchzgs i et hy B%oggfziqng:Oaggc}dtd]i%%%njﬁﬁﬁhggﬁﬁ ;O]§n € pxego(ip%hmafeln
compound, an intermediate product of the epoxy resin (A-1)

containing the n21 component may be synthesized. On the other




tri et hyl phosphi ne, tri butyl phosphi ne,and 5 tri phenyl phosphi ne. [0066]
Exanpl es of the tetrasubstituted phosphoni um conpound that may be
used in the resin conposition for sem caonductor encapsul ati on of the
present invention include conpounds 10 ﬁgbresented by formula (5): ?

R11- RO[ A. ) 0- wherei.n, in_the fornmula (5), P represents a_ _.
phosphorugkégngﬁ%f ?é? ﬁ%gﬁi%f%ﬁﬁlggcﬁeﬁgﬁ é%%n%% ant ?8§Eﬂq§ using
group or an.al kyl. group; .A represents a nion of an aro ic organjc
acid 15 hggﬁﬁﬁhé?i %5%8 oRe*qr 8015 et €& é§'§+%ﬁ?tﬂﬁ EP&ﬁg%%H%éﬁ%fghb of
of a hydr | _group, car boxyl grou nd a thiol group in the ,
aromatic PGP RH T ERahEa AR CAGHIRT ¢ Bh gaRPEYalPd Mavitig: " EARE 2
one group_sel ecteed fromthe . group_consisting of a hydroxyl group, a
car boxyl YF&dp f%ﬂPBFtég&ﬁpﬁ -9 PR ZPORATEN i AgOReTgTd yray be
each represents an integer froml to 3; z represents an integer from
0to 3 aRd™"e9L299067}S ACERFOINH TepPRselPEd By her PeEmY #REHIned
maybe obtained, _39 for exanple, in a manner such as follows, but the
met hod i siRotDEnf éRdédStsIe AndripregPidiatpRydFipsgomgound are allowed
tetrasubstituted phosphonium halide, an aromatic organic acid, and a
base are RFPx&&3at am ofyanPEesenamtof t hedhpkedre 18 RTPBAMTY A Xedand
5 and an aromatic organic acid anion is generated in the solution
system S@Bsédlfedtd yiega &ohipeuek irdprendarethsy tempdvahura ePndiyions
be precipitated by addin% water. In the conmpound represented by the
formul a (8F 203 Conpolfd iCn vl xhiRglard orR1Of and eRElL ¢hlav lace Hyohdedy 1
to the phosphorus atom are phenyl 10 groups; AH is a conpound havi ng
a hydfoxy@irgupupodn thear bwhermedisg; et ratods¢t a phendbe carpoundd amdt .
A is an anion of the phenol conpound, is preferred. [0068] Exanples
of the ph®sphebeteitnky conpourddtted nmayibelosedidini nishecpédiarted by
conposition for sem conductor encapsul ation of the present invention
i ncl ude conpbudds triepr esent edgayn forsmlachf) such {¥ltdluenemrer eigithyl
inthe formula (6) , X1 represents an al kyl group having 20 1 to 3
carbon atbssbu¥dy lr épresent @1 BBRYdt oxyidgaoup; ther epaesdnirs parodut €gesind
from0O to 5; and | represents an integer

the reaction product is subjected to the processes of water

15 washing-dehydration-filtration-solvent removal. Thus, an
intended epoxy resin may be obtained. Furthermore, for the
purpose of reducing of the amount of impurity chlorine cr the
like, a sclvent such as dioxane or dimethyl sulfoxide {DMSO}
may be used in combination during the reaction.

20 [0042]

The phenolphthalein compound that serves as a raw
material of the epoxy resin (A-1) is not particularly limited
as long as the phenolphthalein compound has a phthalic
anhydride skeleton and has a structure in which two phenols

25 are bonded to a carbonyl group on a single side. Examples
of phenolphthalein compound which satisfies this condition

include phenolphthalein, cresoliphthalein,




40 fromO to 4. [0069] A conpound represented by the formul a
(6) may be obtained, for exanple, in a manner such as follows. The
conpound is 5 obtained through a process_of, first, bringing a
triaromati c-substituted phosphine as a t%@tiary phosphi ne, and a
di azoni um,sal t .into_contact, .and substituti th .
triaronat9%3§h1§ %¥%$3802ﬁ%§ﬂﬁ$ﬁ%l%hd tHéc§ﬁ%?5ﬁﬁﬁﬁ?8}ggﬁhﬁﬁ?+%d py2nd
t he di azoni um sal.t. ver,. the method is not 10 jntended to he :
i ted (8 PREE T HoboFRaTein "B 00 RinG; TR adtHRYSBRTE phBephiARing
conpound and _a .qui npne co und t hat used in the resin ,
conposi ti 8H%Posrt%%?7f£8n%g€gy %ﬁé&g?ﬁrﬁ%ﬁ %ﬁ’eofustené’fpip SERLEMVBALRIR 18
15 include conpounds. represented by fornula (7). OH wherein in the
formul a (5} tﬁ%@%ﬁ%@rﬁ%e eBﬁSgphoFG§seﬁ BRENRIPN A1 548 FaBPeRaRs may
represents an al kyl group having 1 to 12 carbon atons, or an aryl
gr oup “havPRg %6 S ABNEAYbOF DNBIXDYIRE2 CRIBYAnETRIWP Gfayk beds”
respectivel% identical with or 41 different fromeach other; R15,
R16 and Ri?Véadnh represents a hydrogen atom or a hydrocarbon group
having 1 to 12 carbon atons; R15, R16 and R17 nag be respectively
identical with bR &N ef@A€tipem achbseeyin@antdhRIB ey RE6 sy b1},
joined 5 to forma cyclic structure. [0071] As the phosphi ne
conpound €Rachlo eWdi hny herdduenobidg iphosphilne tokpommad dml wsed as
gui none conpound, for exanple, phosphine conpounds havi ng an
unsubst i t Ghederibwatdley ¥ hyg, oand0epavidgp roh vdomat tbat g hadurtaially
substituent such as an al kyl group or an al koxy group, such as
tri pényl phedphi nevairizsfatkyl phepwe fphosghi ne,The amount of use of
tris(al koxyphenyl ) phosphi ne,
t ri napht hgpphedphiyndandt iss Olrerfzant Jiphpsphiuad, dre @r ehereredhaand themole
substituent such as an al kyl group or an

and equal to or less than 8.0 moles, and more preferably equal

to or more than 2.0 moles and equal to or less than 5.0 moles,
relative to 1 meole of the hydroxyl groups of the
15 phenolphthalein compound in the first stage reaction. If the
amount of use is less than the range described above, the
reaction proceeds incompletely, and there is a risk that the
yield may deteriorate. On the other hand, if the amount of
use 1is greater than the range described above, the cost
20 increases, and there is a risk that the amount of chlorine
included in the product may increase. Furthermore, in the
second stage reaction, the amount of use is preferably equal
to or more than 0.5 moles and equal to or less than 5.0 moles,
and more preferably equal to or more than 1.0 mole and equal
25 to or less than 3.0 mcles, relative to 1 mole of the alcoholic
hydroxyl group of the product of the first stage reaction.

If the amount of use is less than the lower limit described




15 al koxy group may be a substituent having 1 to 6 carbon atons. From
t he viewpoi nt of easy availability, triphenyl phosphine is preferred.
[0072] Furthernore, exanples of the quigg?e conpound that is 20 used
in the adduct of a phosphi ne conpound ard® a qui none conpound i ncl ude
o-benzoqugggy%_pkgenzgguinone, and agghna%yi
|

none and _anpng these, .
p- benzoquiRdne ‘i s pr ef of red ¥t SHYRET Vet qﬂéihéé%gra&gdsé%ﬁ*%ﬁﬁﬁlon
[0073] 25 t he t-hod.fo roduci ng_an, adduct of . a, phosphi ne
Compound A" ACaIEHoe PGTStng. S B RAdHE Oy Dot bbb fad B the otner
bringing an_organic tertiar hosphi ne and. a benzoqui none 42 o
conpound ﬁﬁp ’cdH%aEbeiﬁ“&”ﬁﬁfv%ﬁt%ﬂ%cﬁ?nﬁ@rﬂﬁ§édﬁ bbff tpeer limit
conpounds,, and .m xing the conpounds., As the solvent, a ketone in
whi ch t heS&FMIEC TS 9 %%esofr%%%QSEub%ca@aa@évoﬁéldthﬁéftws 8thypk that
ketone, is preferred. However, the solvent 5 is not intended to be
linmted tbNEPECYGoPA chloring fipalugdsfhdindneeprasiiteday ierease.
formula (7), a conpound in which R12, R13 and R14 that are bonded to
t he phospﬁgpéé]aton1are phenyl groups; and R15, R16 and R17 are 10
hydrogen atons, that is, a conpound obtained by addition of
1, 4- benzoqui nonéRafé &t rSFRRG| phagshitrRact 50pr dfosry radet 2 oANChédhe epoxy
vi ewpoi nt that the elastic nodul us on heating of the cured product of
t he resi nf€6iposiAT bh: f 6etyamicondlenaondnsapsiul ariidie .-may be
mai nt ai ned | ow. 15[ 0075] Exanpl es of the adduct of a
phosphoni tftEewsoungl amdoa igin drieorcbApound that lidke hemwded usethas the
resin conposition for sem conductor encapsul ation of the present
i nverdtd onghadleude: ty rpmerdsunepr s ent Bae lyndwon md A uE®) of 48e jurrernary
het erocyclic ring, or an aliphatic group, while R18, R19, R20 and R21
may be respmotiivet ysd dents qate erhbdrly eidfifeer ent ofr ommacthat herdl X@oles
represents an organic group that is bonded to the groups 12 and 13;
X3 representisesgunadriganic 1&sgr ohpnt hab Oisc bendesntiand he pgraofwsabd yvawdual
15; 12 and 13 each represents a group that is fornmed when a
pr ot on- dohaté nghagreth areDedsenoca epr ahdne gubill o grroups sl2hando 130imMoles,
the sanme nolecule are joined with a silicon atomto forma chel ate
structurerelative to 1 mole of the alcoholic hydroxyl groups of the

15 product of the first stage reaction.
[0045]

Sodium hydroxide, potassium hydroxide or the like may
be used as the alkali metal hydroxide, but sodium hydroxide
is preferred. The amount of use of the alkali metal hydroxide

20 is preferablyegqual to ormore than l1-fold equivalent and equal
to or less than 10-fold equivalents, and more preferably equal
to or more than 1-fold equivalent and equal to or less than
2-fold equivalents, relative to 1 equivalent of the hydroxyl
groups to be glycidylated. The alkali metal hydroxide may

25 be in a solid form or may be in an agueous solution form.
[0046]

The resin composition for semiconductor encapsulation




14 and 15 each represents a group that is fornmed when a 10

prot on-donating group rel eases a proton, while groups 14 and 15 in

the sanme nolecule are joined with a silicon atomto forma chel ate

structure; X2 and X3 may be respecti vel yzl* dentical with or different
identical wth

from each _aqt X 3.. 14 and .15 may bhe respectivel .
or di fferg(r%t hﬁ%nﬁ%aecsr]?%% h&fY Ahdt 48 %\ayr e%?gsea}ﬂ%t}éﬁ\r/oregf’a%}f% grougt ¢
havi ng an_aromati.c. ring. or_.a heterocycli¢c ring r an aljphatic .
gr oup. [Oﬁ?g%lnatlonf%t?hteh? oer%?lag(%l??%&%ﬁp‘?fege8$ ‘?2%81:'}??21@?0@01’@51“
and R21 ingl ude .a phenyl_ grou a pet hyl phen roup, a mnet hoxyphenyl
20 group, Té_ﬁgdﬁéxglﬁﬁeﬁﬂp%glr%‘gﬁ; aggﬁﬁ‘\étlﬁﬁ %45 - SR Mo hRphE Ay may
group, a benzyl group, a.nmethyl group, an ethyl group, an n-butyl

gr oup, angﬁ-ld%?)c}l lﬁr%%?lﬁﬁﬁlé)%gﬁcgﬁ@ﬁlln%‘f%ﬁﬁj mggem%gerﬁ%ﬁns such
aromatj c %roup Bavi ng a substituent such as a phenyl group, a

met hylgphe §1 2gPBEP.C - BB Akt ok YPRe APIOFGF difps 1Ar h§ dF BRYFREMAY Yt dapt vPe
or a hydroxynapht hyl group, or an unsubstituted aromatic group is

nore pref BPP&EY. TeF4M,08727 & triphepp i ki e HLoxe repiesatalkyl
an organic group that is bonded to 12 and 13. Simlarly, X3

represent 8YBE GPFA YT 0up FHER RS BoRded Qo gyFalpylidvasd exy2resin
and 13 are groups 5 fornmed when proton-donating groups rel ease

protons, BAd1fNe agPbapy enardcaBetany hendagebhehedulae arieyv] of vied epoxy
with a silicon atomto forma chelate structure. Simlarly, 14 and 15
are groupsefénmBd Wit Hprvtredphanieng kgrleuipsn r eh@pbé hprlatrons, yiemdepoxy
the groups 14 and 15 in the sane nolecule are joined with 10 a

silidén areming fsorgh @& helmaehshprdcturasl kiThet gpoeuppoXy areh X8 mmyibg a
respectively identical with or different fromeach other, and the
groups 12ph&3ylbfe apgdels thay, be r egpédthokt ygradéantli cabpw tépoky resin
different fromeach other. Such a group represented by -12-X2-13- and

- 14- X3- Yohawvnnighea 151 pbemyllen(d) s ke leanpns ean df aa dyirtogghr & apmec hitenl ane
proton donor rel ease two protons, and exanples of the proton donor

i ncl ude caypehelpospyrogat hel tria2-ididydeoxygnaphidrat £hging epoxy resins
2, 3-di hydr oxynapht hal ene, 2, 2' - bi phenol, 1,1'-bi-2-naphthol, salicylic
acid, 1-hydeaxgs2-tnapitheidy20 iacdyade hydegxynt nephd Aol ¢ laciidlycidyl
chloranilic acid, tannic

aci d12- hytlsoxybenzyd tad cohol ,dn@- cyclwhexaaadi ol ,c?;cz-iw oapneidi o c &Adlon
gl ycerin. Anong these, catechol, 1,2-dihydroxynaphthal ene, and

2, 3- di hydsexpoaphi-hed @neiate pbladl efefped. c88kQ9078k sins sfdnhinNzs a
the fornmula (8) represents an organic group having an aromatic ring

or a hetefoeyehiocpdr i i 8hedmcrli Phadi G118 Q4P, tﬁeaf@péﬁgmﬁé&n. In
exanpl es thereof include aliphatic hydrocarbon groups such as a

methyl oreuRsidk @itdn B O i $ RFEPYE s I50URc A I YAL 91 OUR. 28 DEXYhoxy
group and an octyl group; aromatic hydrocarbon groups such as a

phenyl grpup;inacBeRad i 1 ONPso P %ﬂ%@%ﬁ@dc@é?%cﬁggu@L%i Wln epoxy
group; and reactive substituents such as a gl ycidyloxypropyl group, a

mer capt opropyh 869‘&%@:@1@1@@%?&0&){ u@i QYR ANEL1R d R+ %ﬁugﬂ%{j@n%on

these, a methyl group, an” et group, a phenyl group, a nap _
Phat t herval eraniErry o iR REBESIRILT PRS f o atpe) TeSHBBLHE of
enhanced'cﬁggﬁghity, the epoxy equivalent is preferably equal to or
greater than 100 g/eq and equal to or less than 500 g/eq. These
may be used singly, or two or more kinds may be used in
25 combination.

[0047]

In the case of using such another epoxy resin in




As the nmethod for producing an adduct of a phosphoni um conpound and a
sil ane conmpound, a silane conmpound such as 15 phenyl tri net hoxysil ane
and a proton donor such as 2,3-dihydrox%£§phthalene are added to a
flask containing nethanol and were diss ed in nmethanol .

Subsequent| : no ol uti.on of sodi um net hoxi de i s added

dr opwi se %ﬁé?@?ggg%ggf épgrpﬁﬁjﬁﬁ HﬁﬁﬁﬁfgﬁﬁgrQ?uF © ERYhertoiel 5H 1)
when a so&%tiggﬂprg aied i.n gs%gnce b di€50|ﬁhnﬁ1§ tetrasuhstituted
phosphoni Ui Kal5 de” such §4Y¢ rébﬁ@ﬁﬁ%ﬁﬁ% Bhoh'dm BPomade 5 P Yrethiniofd
is added dropw se to the mxtur nder stirring at room tenperature,
crystals SRS B0 BrebTen CRED MhE HAEES BT AU erii S Sherably Squal
filtered, .25 washed wth wate and dried in vacyum and thus an

adduct of °8 BRoPRGTHUm CHb AU T £ 12ne TRpoRd ney B8 Loss than
obt ai ned. wever, the production nmethod i.s not intended_to be

|im't£% 48 té”at%%.b{’olgéé]s' and PIHeLRINEIE Hrivpet EreR lof @l to or
curing accelerator (D) that may be used in the resin conposition for
seni conduBFEA S erickpRul At PBA TS ha@ptestnt FAVEAt itén A% lired efadny100
equal to or greater than 0.1% by mass and equal to or |ess than 1% by
mass of tR@LWMPoP¥ PesPn £ohpsdiva 6R. L WAcrr ¥ he mb\afts 6ff theoeporatFeAain
of the curing accelerator (D) is in the range described above,

suf fi ci entAdur aBihian yhend v e db 391 ey L beheombbiaionedodoogipn is equal
The resin conposition for sem conductor encapsul ati on of the present

i nventi ontRaP ¥ ugrhéitedonthrn &lvonpanne (Wsecnibkidcreboweor amreinuous
adj acent carbon atons that constitute 15 an aromatic ring are each
bonded t omalklpdrioki/t v gr ougps { heépsiceaf ter , adhsoemefear r €d ane agesistance,
"conpound (E)"). When the conpound (E) is used, even when a

phosphor useatisrhacore ai liong salieg .accehdr atlorghvhi ¢lergoesanotehavetorage
| atency is used as the curing accelerator (D) that accelerates the

cr ossl i nkehg r2@ tresatcs £ bn shed wéden enipdenebi, cwhédiens and sda poxy fleslidjity
the reaction during the nelt kneading of the resin m xture may be

suppr essedndamth raaly £5i hycoifpdsid | pasfar ceerp cohtilohorn renaepsut at nem .
may be stably obtained. Furthernore, the conpound (E) al so has an

ef fect of [dédmsgasing the nelt 25 viscosity of the resin conposition

for sem conductor encapsul ation and enhancing fluidity of the resin
conpasi tion. AsThbeleaapoundni{f)efatHeneewel G coMPEUpE ohrtesent 88 the
by 47 formula (9) or a polycyclic conpound represented by formul a

(10) may bpougedie aNHsSUGh Ao eoMROUNTcABRY rhavel Bmsubst,i tent toldhehixing
t han a hydroxyl group. 5 wherein in the formula (9), any one of

R22 and RBéopepraisemt S 2 pydrfawydboyouns Wi | asthe etrheforepr egant Smére
hydr ogen atom a hydroxyl group, or a substituent other than a

hydroxyl grewp:rad, R33b R4 sand: ReSr eachr iens GSRNLS r@ IHHLRERIL & Ohn |
a hydroxyl group, or a substituent other than a hydroxyl group.

When the lower limit of the mixing proportion is equal to or

20 greater than the range described above, sufficient fluidity

may be obtained. Furthermore, the upper limit of the total

mixing proportion of the epoxy resins is not paticularly

limited, but the mixing proportion is preferably 15% by mass

or less, and more preferably 13% by mass or less, of the whole

25 resin composition. When the upper limit of the mixing

proportion is equal to or less than the range described above,

satisfactory resistance to solder may be obtained.




R33 R27 R31 R30 wherein in the formula (10), anyone of R32 and

R33 represents a hydroxyl group, while the other represents a

hydr ogen atom a hydroxyl group, or a substituent other than a

hydr oxyl group; 48 and R27, R28, R29, and R31 each represents a
hydr ogen b%qb]a hydr oxyl group, or a substituent other than a

hydr oxyl group. [ 0082] Exanpl es of the nonocyclic conpound

represented by e 5 formula (9) jnclude catechol rogallol,. galli
acid, gallic ac#geengﬁgﬁ'gﬁfQﬁH%@%ﬂF@%@ %ﬂe?£8f?egépt%8ﬂﬂﬂ%%glon for
exanpl es of t.he | ycyclic conpaund, represented by the fornula (10

el hde. 155 Ry o B REPaIE L 9 i by i 6y RASRP e R L Thy be
derivatives &%fr of . Anong these, fromthe viewpoint 10 that it is

easy to cOnPrGF uf BF Lt ZAF SUr@dF Py 298 Honpound i n which two

adj acent %ﬁrﬁﬁn atons that constitute an aromatic ring are each

bonded t o4O droxyl group, is preferred. Furthernore, when

vol atilization during the kneadjng process is considered, it is nore
preferable to e%?o?qhe%%hpéwfﬂﬁbi?%i%%r%ﬁé s deE @fcl Bhg imresent
napht hal ene ring which is less volatile and has high wei ght .

stabi | i t yIOVEFHI Q) Pase e Bpetifital njesiat loawplane aheamoysd Haw aged
a naphthal ene ring, such as 1, 2-di hydr oxynapht hal ene,

2, 3- di hydeB¥y-adpkdedente lortaddérionmtihge dreieof ongay tha1 20 enplwyedo 1
as the compound (E). These conpounds (E) maybe used singly, or two or
nmore ki ndsemay B8-ddedravircdrbingatdoning 0083t Theuatoune cofntaining two
i ncorporation of the conmpound (E) is preferably equal to or nore than
0. 01%by pussosrdriguall sdked5tornsetserhanalfdyy, mesy beroreferred to as
preferably equal to or nore than 0.03% by nass and equal to or |ess

t han 0. 8% bemmds,remin paBtilddlar langraf erablbhhclquadsfo dB-~@0r endhang a
0.05% by mass 49 and equal to or less than 0.5% by mass, of the

total anooptiroikisphesahecenposkéionohor sem eondlidipiroxynaphthalene
encapsul ation. Wien the lower [imt of the ampunt of incorporation of

t he conposkdlEEpr ghardiweafange dascbiebed falkowe] tsufsfd Cinepthtthol resin
effects of decreasing the viscosity of the resin conposition for

seni conduc¢Ber )¢ncapsubat ¢ on] tanfl :eBlarcidigsthe 4§ éditybohihke bgsiding
conposition nmay be obtained. Furthernore, when the upper limt of the
anmounts of thacepperatieninf (hhe )campungdeh Bl boidnbl hes s angpadestrdébedng
above, the risk of causing a 10 decrease in curability and conti nuous
nol dabi | i §yeat tike dosh Meerpesi tHmn f@éiﬁe%@@mt&%neﬂggp%@@té@@, an
or causing cracks at the solder reflow tenperature, is small. [0084]

excellent balance amcng resistance to solder, high
temperature storage characteristics, high adhesiveness, and
continuous moldability. From the wviewpoints of the high
20 temperature storage characteristics and continuous
moldability of the resin composition, the phencl resin {B-1)
is preferred, and from the viewpoints of +the flow
characteristics and solder resistance characteristics, the
naphthol resin (B-2) is preferred. It is preferable to select
25 the phenol resin-based curing agent in accordance with the
characteristics required from the resin composition for

semiconductor encapsulation. Furthermore, from the




| nt her esi nconposi ti onforsem conductor 15 encapsul ati on of the present
invention, a coupling agent (F) may be further added in order to
enhance t he adhesi veness between an epo%y resin and an inorganic

filler material. There are no particular?iinitations on the coupling
agent, but .exanpl es thereaof include epoxysil anes, amnosilanes, 20
Lweidosilgﬁgﬁﬁg%ﬂFnﬁ cHFYOE 1 Bhel € SARF %%oﬁﬁg %ﬂ%?%a@ESQQeaE?§1“
bet ween an e%g%¥_resin and an,inozgggic filler material, and thereby
enhances CREPGHIErFARI BPT sTFBAhGPR BEtte B FRP eRORY Lodsith ish @Rl nable
inorganic filler material, is preferred. Furthernore, when used in
conbi nat i BRI ER™ hBE2%L BRPGEY OFET Udéddr)i Hed Abdve refd keIl tion
agent (F) is capable of increasing the effect of the conpound (E) of
decr easi n§ %t A& e 8§ SRBYFEP Tof i%k@- RBIrRXYINPUSP ¢ P opdHAFalsit of the
enhancing fluidity of the resin conposition. [0085] Exanpl es

of epokxysPl&mred i e$ tlebysgid T evkPpr AR i efhoxypdidamel vsequal to or
y-gl yci doxypropyl tri net hoxysi | ane,

y- gl yci doSygedma ridtay | &l ref @axysdl agealafi@ or less than 400 g/eq, and
p- (3, 4- epoxycycl ohexyl )et hyl tri met hoxysi |l ane. [0086] Exanpl es of

am nosi | anegespgle txrd0ly- anivsdpropydb rr gechdepsititarne, 90 g/eq and equal
y-am nopropyl tri met hoxysi | ane,

N- p- (am nbethyl)eysarhaop? bpyd {egret Hbrysthankydroxyl group equivalent
N- P- (am noet hyl ) - y-am nopr opyl net hyl di net hoxysi | ane,

N- phenyl - ysaim fidproopehtre et hexysobanenklilmg density of the cured product
N- phenyl - y-am nopr opyl tri nmet hoxysi | ane,

N p- (L@ noét higk) rgsam noppamylt foet hoxysckaneedndnd the cured product
N- 6- (am nohexyl ) - 3-am nopropyl tri net hoxysi | ane. An am nosil ane which

i s protecheg hyvad |loiMhghthe presbsyaamieno site of the ami nosilane to
react with a ketone or an al dehyde, 20 nay al so be used as a | atent

am nosi | apeoeaypl i ng agent. [0087] Exanpl es of ureidosil anes

i nclude y-ureidopropyltriethoxysilane, and hexamnet hyl di sil azane.

[ 0088] 25ExanpleseophbBicgapiasih anesiinglsuget particularly limited as
y- mer capt opr opyl tri met hoxysi | ane,

3- mer capt ophepyd ety dibpehbBoxysésane has welde@safisly angitS5ktructure
coupling agent which exhibits the sane function as a mnercaptosil ane

couphisng @ggraraimem;{ they BBhk¥ ndegh aded o S Bphenolic hydroxyl groups
bi s(3-triethoxysilylpropyl) tetrasulfide or

bi s(3-trigtBoxysidad Pr apylevdirsulsf ifde, g ruEt RemNEd S Pr 8eUCk2rizing a
obt ai ned by hydrol yzing these sil ane coupling agents in advance nay

al so be ipgenpar %B%OJMS&@éﬁngcggk’ﬂlail_%lﬁg@n%téoﬂ?%u %[‘é%e ssential

singly, or two or nore kinds may be uSed I n conbination. [0089] 10The

| ower i ”}%w%att'%%ifgf‘é Ngs PLQPORL L oA Of- Lhe Foupl Lng aget, dF) 18atfron
may be used in the resin conposition for

the viewpoints of curability and heat resistance, a phenol

20 resin (bl) represented by formula (2) is more preferred. 1In

regard to the phencl resin (bl) represented by formula (2),

a phenol resin in which the average value of d is 1 or larger

is particularly preferred because this resin has excellent

continuous moldability. Examples of such a compound include,

25 as commercially available products, MEH-7500 manufactured by

Meiwa Plastic Industries, Ltd., and BE910~20 manufactured by

Air Water, Inc.




sem conduct or encapsul ation of the present invention is preferably
0.01% by mass or greater, nore preferably 0.05% by nass or greater,
and particularly preferably 0.1% by mass_ 15 or greater, of the whole
resin conposition. Wien the lower limt the m xi ng proportion of
the coupling agent (F) is in the range descri bed above, there is no
decrease in theDHnteyfacial strengti©Qletween the epoxy rH$iQ and the
inorganic fille i and sati g esi st ance tjo solder 20
i i y \be/ obt ai ned. limt

by mass or | ag: p
particul arly préefetably O.
conposi ti ofR3)hen the uppp

coupling agent (F) {s in @

% by A1 or
i fR3)e5 of t i Xi ng (RA)portidy, of the
ange descrifbed above, there is no
decrease in the int rength betingen the epoxy resin and the
inorganic filler 52 r@@éﬁal al , d satiSfactory resistance to sol der
cracking in the sem conductor device maybe obtai ned. Furthernore,

when the m xi ng proportion of the coupling agent (F) is in the range
descri bed"BB&%e ! iRekBei §CrBYlFc ddse RBnr ERE SRETErS #bByIdptd G BoR g BOUD
of the cured product of the resin conposition, and satisfactory

resi st anceavénsolldépr éraekperg et athe Sefidbrduetaf ldeblde omrien group
obt ai ned. [0090] I ntheresinconpositionforsem conductor 10

encapsul alfBANGT &t K& phesembdmedmmdn, vahlenBRganay bladslandgtiazaamwith
(G maybe further added in order to increase flanme resistance.

ExanplPes ¢hed@sf einsoliuderobueaaheohbe pardl cgrr ¢ yehitsi ved itnd, e et af rom
hydr oxi des such as al umi num hydr oxi de and magnesi um hydr oxi de; zinc
borate, abdtei A¢c t3 meippbeet et sTheseé nitegreyani cofl neor 8t amddrites €13 and
may be used singly, or two or nore kinds may be used in conbination.

[ 0091] c2s 1hy e xiamgp pcopertlivon deh ttihea 1 norglani ;o il afeer ertaf danteach
(G that naybe used in the resin conmposition for sem conductor 20
encapsul abtbrrof dt lre ppreeseant s i awehh t egeixs fpoaf ar akl ¥ Oequalrdpredents an
greater than 0.5% by mass and equal to or less than 6.0% by mass of

t he whol einesige rcdmpesiot iten.l OWhamd htrarisd Mge piopar indm ekddwsented by
inorganic flame retardant (G is in the range descri bed above, an
ef f e¢td of tikkahaspeng tfilate uriSe st angadMYie structural unit represented

by the repetition number e may be respectively lined up in
a row, may be alternately arranged with each other, or may
be arranged randomly.

[0052]

15 The naphthol resin (B-2) is not particularly limited as
long as the naphthol resin has a structure having a
hydroxynaphthalene skeleton or a dihydroxynaphthalene
skeleton. However, from the viewpoint of heat resistance,
the naphthol resin is more preferably a naphthol resin (b2)

20 having a structure represented by formula (3} and/or a
naphthol resin (b3) represented by formula (4), and

particularly preferably a naphthol resin (b3) represented by




25 beobt ai ned, wi t hout i npai ri ngcurabilityor characteristics. [0092]

53 I nt heresi nconposi ti onforsem conductor encapsul ati on of the present

i nvention, anion trapping agent (H may be further added in order to
enhance noisture resistance reliability %%ch as HAST (Highly

Accel erated 5 tenmperature and humidity _Stress Test). Exanples of the .

i on trapp%ﬁﬁmﬂﬁﬁn Qé%‘incmﬁﬁg'hy%got%FCiWQE, %ﬁRP%?B#atE SRi dé8<ef is
el enent s selecteqﬁLron1na nesi um al um num bisnuth, titanium and _

zi r coni unPLEAESENRY HEY % FFH P drt G IS VSR K3 REE Mayr W kbt
i n conbi nation. Anpbng these, 10 hydrotalcites are preferred. [0093]

The amounfl6f CPRLGIHE? &F i BRLEALIHE §Bn 2R8pRf ngs aBeREe@aP % Hdtydrogen
particularly Iimted, but the anpunt of incorporation is preferabl

equal to BFOFr &R EhaNVE COTRIUBE Hyo Fak§ sdid- Byt teoser degs andhahlame
3% by mass, and nore preferably equal to or greater than 0.1% by mass
and edual T€616tass- t hERrtdsynaes s, 16f ne@arot 4o dnpunhydirorhel group
resin conposition for sem conductor encapsul ati on. When the anount of

i ncor por athéit s banded tandgd desati Yeadl abevekedr t20 efiftedts gfreferable
exhibiting a sufficient ion supplenenting action and enhanci ng

nmoi st ure kEbsitsharicé Febmabibki vy eiwp wmint as ned, £ Anddaltgo anche eadvetr sece to
effect on the characteristics of other materials is reduced. [0094]

251 nt her espacenposind ohf oi seprebdrdwdtilor temcapsutaki Hnoof thike vireegemnints
i nvention, additives including colorants such as carbon bl ack, red

i ron oxidef amahttiiraeisammol4ladxildet yr ehdasingiagbint g, sHehmas emtaf athe
waxes such as carnauba wax, synthetic waxes such as pol yet hyl ene
waxed,0 hi ghphtfhatlt y raci ds afi netialcballes ther eodbmsueliad st eaniLilable
acid and zinc stearate, or paraffin; |low stress additives such 5 as
silicone prbsuand sKAYCOIERD Uighesasd KAVRGARICN HEMexGhange s SBe¢N BSpon
bi smut h oxi de hydrate; and inorganic flane retardants such as
phosphor i Ragaikeh esd ef sr.aad ,phosphrzene ndmytabsa rkey rophkat &lyemical
incorporated in addition to the conponents nenti oned above. 10[ 0095]
The resinrganeesiy iy, f or.caen conductcy rencapsyl ryEeB<qh the, presgnth =
invention is prepared by uniformy mxing the epoxy resin (A, the
curing agentsfBlsandnichen-nor@aniLn dEbLeh Rt ey 8lone kase Mad . ASLtq. ,
ot her conponents descri bed above 15 using, for "exanple, a m xer or

the hiske ah Qi BBIRE MPY AW gdOQ8m and h =TNErEARtAY 395 and sn-395
necessary, the mxture is nelttineaded usi ng a kneadi ng machi ne such

as a heatgdntohlot A-kaegderTorcan dvder, andqgubseguentlih the 55 4
kneadi ng product is cool éd 20 and pul veri zed as necessary.%here Y,

the dispefght¥gen atom and h = 2. 0On the other hand, in regard to the
hydroxyl group that is bonded to the naphthalene skeleton of

the naphthol resin (b3), it is preferable that t = 2 from the

20 viewpoint of high heat resistance. For example, as a
synthesis method, when naphthalenediol and
4,4'-bischloromethylbiphenyl are heated tomelt in pure water

in a nitrogen atmosphere, and the molten product is allowed

to react at a high temperature under stirring, a naphthol resin

25 (b3) in which t = 2 may be obtained.




fluidity and the |ike may be adjusted to desired val ues. [0097]
Next, the sem conductor device of the present invention wll be
descri bed. As the nethod for producing a sem conduct or devi ce by
using the resin conposition for sem con tor encapsul ati on of the
present invention, for exanple, a nethod of installing a | ead frane
or acircuit bodfi 55 on which a seniconductor el enent has becla_a

mounted, in ';/he avifsyr of a pold, subsequently nofdin
conposition con uctc/r'rD af)x;ul ation by a {nol
S

as transfer W conpr essi ohznol di ng or inj ed\ilo !
curing, and t\he y enczgsul ting tims rsent conductor ) Y
menti oned. [0098] Exanpl es of the seniconduct(Bflgel enent that is
encapsul ated include, but are not |limted to, integrated 10 circuits,
| ar ge scal g i nt.egrations, transli st?rs, thyristors, diodes, and solid
state i ma§ifig eeneht She[ 8088112 (3) ExRAPFEP TGS THeST 8r AW oxyl group
sem conduct or devi ce thus obtai nable include, but are not limted to,
dual in-1PRe21BYPECRETE AEOP) RYILaRieSPrhd enhpdEararddd (PLeey having
quad flat_package (QFP), low profile quad flat package (LQFP), small
outline package ¢TERPN SHRMS oM iBfe ANk paekdge cesbPn XHREP shaving
outline package (TSOP), thin quad flat package (TQFP), tape carrier
package (FC® !%8REDG dtarsayREBGRd Q%ﬁﬁdiléﬁﬁprgﬁﬁ)écﬁddk@g}é idzspyicel
[ 0100] _ A semiconductor device in which a sem conductor el ement

i s encapsUlidhedr WihfehenteSranconpbsition: fRF reamicvedbetahydrocarbon
encapsul ation by a nol ding nethod such as transfer nolding, 25 is

mount ed ofiralpPehedimuhilc tn$t camdmn art ethe, | Pkeari dhemadiirebtyldr @zarbon
after this resin conposition is conpletely cured over a tine period

of about 48oricnbeednd 610chddr saaboa ab@ntnperiateirks ofmabdg iI83Gt bcal
200C. [0101] Fig. 1 is adiagramillustrating the

cr oss- secviivhalo rstdiuicf eirenof facsemaondother ;dévicepussagtishanr esitneHer
conposition for sem conductor encapsul ation according to the present

i nvedtli onframséni cohductrepr el seehts dnisntexyed 6nba & does pad r2dyesents
nmeans of a cured product of a die bonding naterial 2. An el ectrode

pad of thenséniegrducidrl edenentml and a keaath fimaepdnadeattonnegistsdyts
a gold wire 4. The sem conductor 10 elenent 1 is encapsul ated by a
cured prodnctnGeafer hersmsi ntoorposit i+om or2 ;semeondectekuctural unit
encapsul ation of the present invention. [0102] Fig. 2 is a diagram

il lustratiagreberciasssetti 88pktition number m and the structural unit

represented by the repetition number n may be respectively
15 lined up in a row, may be alternately arranged with each other,
or may be arranged randomly, but -CH;—- is essentially disposed

between the respective structures;

(OHX (OH)

(R7)k: (R7)kz (RDk (R7)ki

wherein in the formula (4), R7 represents a hydrocarbon group
20 having 1 to 6 carbon atoms, or an aromatic hydrocarbon group

having 6 to 14 carbon atoms, while R7s may be identical with




15 structure in an exanple of a single-side encapsul ation type

sem conductor device using a resin conposition for sem conductor

encapsul ati on according to the present invention. A sem conductor

element 1 is fixed onto the solder resisil7 of a laminate in which a

| ayer of a solder resist 20 7 is formed, on the surface of a

subst rat e°8 By IR bf L 5ORuPBFpPIdIRI 7 df L & P BS BERdISNG éittdr¢ ¢ L 2f rom

Furthernore, in order to enabl e conduction between the sem conductor

el enent afldtChé isdirsthieR eSS ERESsaNdem hege 5t T7oBn0t he dlrectiyiobre phe and

has been renoved by a devel opnent nethod so that the el ectrode 25 pad

i s exposedZSTHaYVePBrecspaetidifilcoAdistiblcadevi tehofr Figf forestdéspynedch

such that the electrode pad of the sem conductor elenent 1 and the

el ect r odeCB&& on St HEPSHEFERH S 218 Idteey87 EoaAMeltiee WY amditd nbigresdents

When the resin conposition for sem conductor encapsul ation is nol ded

to forim aaguried-gFoduet 8 ofr tthe resin conposition for seniconductor

encapsul ati on, a sem conductor device in which only one surface side

of the 5 $dBSt3late 8 where the semiconductor elenent 1 is nounted is

encapsul ated, nay be obtained. The el ectrode pad on the substrate 8

is internally bbhdedesant hergoglet ibal £ r9 semitdendionterncapsulaiethtion

surface side of the substrate B. 10 EXAMPLES [ 0103]

Her ei naf t eff, thiee present imwentd dbonwinkly hesedesestbhed icudetqi hgbytway

of Exanpl es, but the present invention is not intended to be limted

by the desombptiaonsonf tdese Exaeplteshatbtbalessepardbeslasiy sshgteding

ot herwi se, the anpunts of incorporations of various conponents in the

fol | aw ngtdesetuirptirgyeare @) ai fmasst basbsi rEG104hen e f@ld @wh A0t hat

Exanples 1 to 12 and Conparative 20 Exanples 1 to 4, resin

conposi tigay penuaiedi NG dwusdIRenent S s nACca e { BuTabhes 15 Mot ddi Nput

predeterm ned anmounts of incorporation were prepared, and the resin

CONposi t i @RS npares ayreéy@b@dimltﬁiéma0§>o§pbe@litfilc9¥v,t9ﬁet ERYAYSy agent,

nol dability, resistance to adherence, Tl ane resistance, resistance to

25 sol dera aa@ama%ttfﬂper alurie, $togage  chalacs exibtﬁhle%%-ec[ 0109t BSiring
: e o}

the epoxy resin foll ow ng epoxy resins
agent.
15 [0054]

Examples of the polyaddition type curing agent include

polyamine compounds including aliphatic polyamines such as

diethylenetriamine, triethylenetetramine, and
metaxylenediamine; aromatic polyamines such as
20 diaminodiphenyimethane, m-phenylenediamine, and

diaminodiphenylsulfone; dicyanamide, and organic acid
dihydrazide; acid anhydrides including alicyclic acid
anhydrides such as hexahydrophthalic anhydride and
methyltetrahydrophthalic anhydride; and aromatic acid
25 anhydrides such as trimellitic anhydride, pyromellitic
anhydride, and benzophenonetetracarboxylic acid; polyphenol

compounds such as novolac type phenolic resins, and phenol




58 3 were used. Anong these, epoxy resins 1 and 2 correspond to
the epoxy resin (A-1). [0106] 5Epoxy resin 1: Synthesis was carried
out by a two-stage reaction. As a first stage, in a separable flask
equi pped with a stirring device, a thernbmeter, a refl ux cool er, and
a nitrogen i.nl et port art mass_ of enolphthal
( manuf act Bl%éimby ok yR° ﬁ? sﬁﬁ%us‘t?@p%n SLt EuChanéi‘SlS@OfG'Splathéde’
by mass o epic orohydri nuf act ured by Tokyo, Chem cal dustr

C. | Ltd. r@he&nfg HERE THaA L o 100 R TobPveh TP WedE: sty a3
90C. Subse uen art nass f sodj um hydroxi de (solid fine
par ti ul at Oicaraﬁ/é‘é%% S Py b S B 5 dut SO Gadad b et (vesamic
hours, and 15 the resultin ntxture was heated to 100C and allowed to
react for38iFsurdicinas hféagi)ﬁayaot%ta%EnCPﬁetaddrﬂorgoPOtlwass%ﬂmtr%ﬁms
turned yellow, the reaction was term nated. After the reaction, an
operaﬁion[@ﬁéﬁ@r washi ng) of adding 150 parts by mass of distilled
wat er, shaking the reaction mxture, and 20 then discarding the
aqueous | ayer m%§amédéﬁtéﬂfytéﬁrﬂﬂ&f%ﬁﬁtuhvpﬁtQR¥N%%hﬁﬁQmﬂnkﬂClUde
becane neutral. Subsequently, as a second stage reaction, in a
separablet?W§§@¥ﬂuﬁ@béé\QQWPQP%@ﬁrﬁPm§cﬁWrQ%ﬂZHlﬁmﬂﬁﬁhmiémlna and
reflux cooler, and a nitrogen inlet port, 100 parts by nass of the
i nt er medi atérz%tdbit%dia@éitihw}ta%ilwlrlgthsftlﬁ‘e‘%HQDO pads 45! gragsmppunds
epi chl or ohydrin (manufactured by Tokyo Chem cal Industry Co., Ltd.),
and 3 par e8chya aessnet hyyétimdrkt hyl ammohi2um iy br# deetdylimidazole; and
(manuf actured by Wako Pure Chem cal Industries, Ltd.) were wei ghed,
and tife nirtdse avasddi ssohved BFheadtmpyetkesa0C. Subsequently, 30
parts by nmass of sodi um hydroxide (solid fine particulate form 99%
purity re&d€mnt)] was slowy added thereto 5 over 4 hours, and the
resulting mxture was heated to 100C and allowed to react for 2
hours. After thexamadleisomf abhepepatdecors4aat gpenwashtngy afeaddiing: 1bfe
parts by nmass of distilled water, shaking the m xture, and then
di scar di nghthe lagtiecisi hayes ewas urapaptage ndsi sutheavwashphg nedt-edralkyl
becane 10 neutral. Subsequently, epichlorohydrin was distilled off
fromthe okkinayerisigler prediicednprepslee otONGind NS o 1 25panthenolic
mmHg. 250 parts by mass of nethyl isobutyl ketone was added to the
sol i d 3 husegbthgi etk d ok 556l ¥echhassal et anh 1 hersabutbei Adsing urea
heated to 70C. 13 parts by nass of a 30 15 mass% aqueous sol uti on of
sodi um hydegxinjes Wasnarlgdedntorébenkeast hs E‘Iﬁéb‘ﬁﬁl@‘le{;r@ﬂ@-wtaﬁﬂgng
the m xture was allowed to react for another one hour. Subsequently,
the reacthenamiidure-¥as |l eft to stand, and the aqueous | ayer was
di scarded. An operation of water washing was carried out by adding
150 20 parpsshy nmass of distilled water to the oil layer, and the
sane mater washi ng operation was repeatedly carried out until the
washi ng wat er ubseguently |§9g3£
was distilled 2@§§g§ heating uﬁder ragu%e Jﬁ?@%%%%g, an H%u§%§9ﬂﬁs are
epox es i g LN ente 1)
Copony cabr arenod T o ot o Ao SRaE" B Hathd A (it hLame
150C 1.5 C 0 e p f 0 .
resin 1 5o 00 et TheE Qeamian%évi@. i ehiiey ri%%ta%%nééylitwsf
the vario ts e. epox esin bt ai ned., from

LAZSRTAYIAN =520 LI POAX ST daQPLRL S kLom bRe Flidforic

spectruntare prese e Fom't Hese r

confirnmed that e epoxy. resi cont ai 5 % conpo

repr esent ed" by %jéarsrﬁi ‘%lrfl giarg%ti%itlrthu% aglffngng%&%bﬁgﬁgomers’

represented.b = 1, and. 1. 7% of

" opr esent 8495 i%rr‘rﬁﬁa %iﬁ?%l hAviREChe R ?Oﬁ%f@ﬂnot%iﬁ%%ff?ggt’ﬂ groups

An e QXy resin 2 %g equrvgleg 225 g/ eq, softeni % RQInt

| Cl sco%?t?nﬁt PRUPaCLEET RES G5t Aateldt By ke §¥ﬁ$atlons on
the mclecular weight and molecular structure thereof; howaver,

examples thereof include novolac type resins such as a




15 Ltd.) and 300 parts by nmass of epichlorohydrin (manufactured by
Tokyo Chem cal Industry Co., Ltd.) were used in the reaction of the
first stage. The FD- M5 spectrum of epoxy resin 2 is presented in Fig.

4. The peak intensity fractions of the v&fious conponents of the

epoxy resin 2 gbtained fromthe FD-M5 20 spectrum are presented in
Table 1. PPEMANERRVPLEM €551 4BY CorffFPpRd-TRICkafe BPELY/r dgidied
contai ned 69. 7% of a conponent represented by fornmula (11) in which n

= 0, 28. 99064 iripdReRf sEsTesented YPEBEMNAd {419di ph@miodn ¢ =egin,
and 1.4% of a conponent represented by fornmula (11) in which 25n = 2.
[0108] EpdRY restn 3:dIcyokramiladsonarned iibisdr ep@tendyicel resin;
addi ng tetrahydrofuran to the internedi ate obtained by performng the
first stagbenedctdomlhnd trieed purhdying ehehmraduene whbe leliorepoxy/or a
resin 2 described above was synt hesized, and the sanple solution was
subj ect edbiphesliylang chkehatographkircd f raics ploanbiloncofpddreds such as
fractionation colum, a columm container having an internal dianeter

of 80 mm kiaphengih Af ag00bmmramehdél| Fed Bhelsea npof yist¢ ynere gelngly, or
(manuf actured by Yamazen Corp., particle size: 40 pm pore size: 60

A) was ustdp amdmrseparaieryafuhpeliseal dol wmmbani@ivef.r agriorey i fidexe,
(RI') detector, and a valve for |liquid separation and collection were
connect edfrpmsetines. vihersabpte sdl utiembiesi suppl ted f hg@rddeyl group
separatory funnel, and then tetrahydrofuran el uent was supplied. The
refracti veqguidex Rl )i hardf awsb pné tareds cadd @he €xktrachbngosol NeioAnd
15 comng fromthe point after about 37 seconds to the point after
aboutt 40 sgaands ovasr cokkectethn Thsoughielghi s operation, an epoxy

resin 3 (epoxy equivalent: 218 g/eq, softening point: 53C, 1C

vi scosi tyrabsg50C. 0. 30 dPassec) was obtained. The results of FD-M5

of the epoxy resin 3 are presented in Fig. 20 5. Fromthese results,

it was confirneththale WU yeaogonponest siey esest gd bypHorguia klidnNin
which n = 0 was contai ned, and the n=1 conponent and the n=2

conponent c¥REHE nRAti $ONF ivHERd 1 6% g QR tion of TR DM apakysi sne
of the epoxy resins 1 to 3 was carried out under the foll ow ng

condi tionspehod if fboehbyl S foxldagd ﬂ@nEeW@%ngefrgﬂ g%émngup

a sanple of one of the epoxy resins 1°to 3, and the sanple wa

suf f ihej ently <disssolyae 5?;5}{&{@11§%%9He(r§—|dl}’) A aSPAYELARIVBSsin (B-2)

applied on the FD emtter and was subjected to an analysis.
LSS TR PSSR Aot 08 S PRERLLR00S ) ) 0 g
S o1 Seqla Eandeeiad A8 PRARLAN WAL AR RIE) equan
connect edtct_>001t: h&rggtc%%t 2han %% -Ié%bcl £ bl m%psosxyar{c?sei c?ugfogg cgz_esi. erz]s% than
100 parts by mass, and particularly preferably equal to or
20 greater than 70 parts by mass and equal to or less than 100
parts by mass, relative to 100 parts by mass of the curing
agent (B). When the mixing proportion 1s in the range
described above, a synergistic effect induced by the
combination with an epoxy resin (A-1) may be obtained.
25 [0059]

The lower limit of the total amount of incorporation of

the curing agent {B) in the resin compositicn for




Epoxy resin 2 Epoxy resin 3 Epoxy group equival ent 234 225 218

[ 9/ eq]

Softening point[C] 75 65 53 IClviscosity[dPa.sec] 1.5 1.1

0.3 FD- M5 neasurenent val ue

10

15

20

25

34

semiconductor encapsulation is preferably 0.8% by mass or more,
and more preferably 1.5% by mass ocxr more, relative to the total
amount of the resin composition for semiconductor
encapsulation. When the lower 1limit is in the range described
above, the resin composition thus obtainable has satisfactory
fluidity. Furthermore, the upper limit of the total amount
of incorporation of the curing agent (B) in the resin
composition for semiconductor encapsulation is preferably
10% by mass or less, and more preferably 8% by mass or less,
relative to the total amount of the resin composition for
semiconductor encapsulation. When the upper limit is in the
range described above, the resin composition thus obtainable
has satisfactory resistance to solder.

[0060]

Meanwhile, in regard to the phenolic resin-based curing
agent and the epoxy resin in the case of using only a phenolic
resin-based curing agent as the curing agent (B), it is
preferable to incorporate the phenclic resin-based curing
agent and the epoxy resin such that the equivalent ratio
(EP}/ (OH) between the number of epoxy groups (EP) of the entire
epoxy resin and the number of phenolic hydroxyl groups (OH)
of the entire phenol resin-based curing agent would be equal
to or more than 0.8 and equal fo or less than 1.3. When the
equivalent ratio is in the range described above, sufficient
curing characteristics may be obtained when the resin
composition thus obtainable is molded.

[00B1]




'Peak intensity fraction of n=0 conmponent[% 56.9 69.7 100.0

|1 Peak intensity fraction | '120f n=lconponent[% 1 41.4 28.9
Peak intensity fraction of n=2 conpqﬂfnt[@q 1.7 1.4
In the resin composition for semiconductor

10

15

20

25

encapsulation of the present invention, an inorganic filler
material (C} i1s used. The inorganic filler material {C) to
be used 1in the resin composition fer semiconductor
encapsulation of the present invention is not particularly
limited, but an inorganic filler material that is generally
used in the pertinent field may be used. Examples thereof
include fused silica, spherical silica, crystalline silica,
alumina, siliconnitride, and aluminumnitride. The particle
size of the inorganic filler material is preferably equal to
or larger than 0.01 um and equal to or less than 150 pm, from
the viewpoint of £illability into the mold cavity.

[0062]

The content of the inorganic filler material (C) in the
resin composition for semiconductor encapsulation is not
particularly limited, but the content is preferably 70% by
mass or greater, more preferably 73% by mass or greater, and
even more preferably 80% by mass or greater, relative to the
total mass of the resin composition for semiconductor
encapsulation. When the lower limit of the content is equal
to or greater than the range described above, the amount of
mcisture absorption of the cured product of the resin
compositicn for semiconductor encapsulation thus obtainable
may be suppressed, or a decrease in the strength may be reduced.
Therefore, a cured product having satisfactoeory resistance to
solder cracking may be cbtained. Furthermore, the upper

limit of the content of the inorganic filler material in the




Peaki ntensityrati oP2/E1 0.73 0.41 [0110] For the phenolic
resin as the curing agent (B), the follow ng phenolic resins 1 to 6
were used. [0111] Phenol i ¢ resin-based curing agent 1:

Phenol - novol ac type phenolic resin (PR H-3 nmanufactured by Sum tono

Bakel ite Qo dtd.onB¥dneody, or B ggggée{%gﬂggc){%%lg{eg@ﬁ?ghﬁ%@% is

point: 80C, 1Cl viscosity at 15 a. Sec

h [ i.d- i ;4P | - | kyl -t h ] i

TSt havPESETAEED, Sub! B9 RASY. o e ebhe ﬁ%ﬁgﬁg‘é’ﬁlﬁ’%ﬁ‘f‘ﬁﬁy'ﬁy mass
M i Cheni , ....h I i t: 16 .
ot toni ngChorars” gl qvg Y R SRY o B natRPo 8 hs, mpafive
Phenol i c ]L_%s,id[llé ased., curin 3: Phenol - ar al. henol i c

resin havi ngo A B prghyl &na Eﬁchiegcgn n* E&PH B8 HaITUf 'lcf%%g’gf gﬁﬂﬂicﬁfb%u“or
Koyt Copnchishi YR e S o P e S0LTED Dy
e LB R aEedreomh el EE: o aa e B o P {8 Tresin
oo, TR LT 201 E SO LR 00 s ane
agent 5. In a separable 10 fl ask equipge%ﬁgtf1zkégé&£ggg devi ce, a.Case
thernonet@}?OaQQﬁ|%&t15faCtory moldabil Y e, in the
of using an inorganic flame retardant, such as a metal
10 hydrexide such as aluminum hydroxide or magnesium hydroxide,
zinc borate or zinc molybdate, which will be described below,
it is preferable to adjust the total amount of these inorganic
flame retardants and the inorganic filler material to the
range described above.
15 [0063]

The resin composition for semiconductor encapsulation
of the present invention may further contain a curing
accelerater (D). The curing accelerator (D) has an action
of accelerating the crosslinking reaction between the epoxy

20 resin and the curing agent, and also may control the balance
between the fluidity at the time of curing of the resin
composition for semicenductor encapsulation and curability.
The curing accelerator may also change the curing
characteristics of the cured product.

25 [0064]

Specific examples of the curing accelerator (D) include

phosphorus atom-containing curing accelerators such as an




cooler, and a nitrogen inlet port, 116.3 parts by mass of a 37%

aqueous sol ution of fornmal dehyde (manufactured by Wako Pure Chem cal

I ndustries, Ltd., formalin 37%, 37.7 parts by mass of sulfuric acid

at a concentration of 98% by mass, and 1%7100 parts by mass of

m xyl ene (speci al grade reagent manufactured by Kanto Chem cal Co.,

Inc., mxYFERQiHaNHI BNt & §35EA SR Tkt &F SAeP GREP DEUE, ulp G RO Und,

99.49% were wei ghed, and then heating was started while the flask was

pur ged wi BhPRPEPSGEET Hhi PeCPRBOVEfhefdt 88U Gisie & RECOEP BT crRHRGUNA

mai ntained in a tenperature range of 90C to 100C, the reaction

m xture WAS9SEiFHEHCRBCBRRERE, AME Aeadeivst DA Bhe SRlORbBRePHRPpOUnd

roomtenperature, and then the systemwas neutralized by slowy

addi ng 156nfarkt £ blamassoppoa gty nmsd ok &6diogmrhyal ok dengglininh curing

thereto. To this reaction 25 system 839 parts by nmass of phenol, and

338 partsabgeatessaiopra, asughchlasy o-Jp-kytleaeamercy ol e, 4afd unkecene—7,

m xture was heated while the reaction systemwas purged with nitrogen

and 65 sbenzed. d¥ieehyhemiarper andr € 1mst dg Lt e dayest een wadmong these,

mai ntai ned in the range of 110C to 120C, the reaction m xture was

al | oned t phoegdtofos &thowcsn thhen hydr oohliord & @ce Hegas ogeneraat geronide

the systemas a result of the reaction described 5 above was

di schar gegreute mfb 1 dlecaystem byy neafsocaf thei viegeoigas strehm Mlence

conpl etion of the reaction, unreacted conponents and water were

di stil | edbeffvaendert Inadifced prressune @ohtlitivonsaat I&A€tansh? mMdigoound

Subsequently, 200 parts by mass of tol uene was added to the systemto

uni f dror ysdilesaleke @ olthet sy sgemumndohben titey selfutd otewas substituted

transferred into a separatory funnel. An operation (water washing) of

addi ng 15pnpadtobyuiessmgbudist id | silo Wphebe tShiaks Nngofbe useparat ofdduct

funnel, and then discarding the aqueous | ayer was repeated until the

washi ng wafes pie6apn ineutbalpo RSB eNhhiin ohbe Wb bh8dG0ARANEAt Sdduct

such as toluene and residual unreacted conponents were distilled off

fromthe gil 4 ﬁbspa@%rmn@d@@mgowrﬁﬁsgﬁ@ Gongli 1 hABS Amdedakdand £ more
. Thus, a phenolic resin-based curing agent 5 represented by

2 ngl a ($2k e oxy! wHOUP +8Qui ¥ahentct olrDs 91 80,0 SOl €N NG POITRY ‘more

15 emphasized, a tetrasubstituted phosphonium compound is
particularly preferred, and when the characteristic of a low
elastic modulus on heating of the cured product of the resin
composition for semiconductor encapsulation 1s more
emphasized, a phosphobetaine compound, and an adduct of a

20 phosphine compound and a quinone compound are particularly
preferred. Furthermore, when the characteristic of latent
curability is more emphasized, an adduct of a phosphonium
compound and a silane compound are particularly preferred.
[0065]

25 Examples of the organic phosphine that may be used in
the resin composition for semiconductor encapsulation of the

present 1invention include primary phosphines such as




20 1Cl viscosity at 150C. 0.40 dPa-s; a mxture of polyners in which

pin forrmula (12) represents an integer fromO to 20, g represents an
integer fromO to 20, and r represents integer fromO0O to 20, while
the average values of p, g and r are 1. ,80.3, and 0.6, respectively.

Furth . 5| 12)., .1 |l eft termnal of th .
USRI AR ICRAE NI RE N4 LT M
t t | .St t bt ai d. ,.6 0116 .

structun gt Wl ene SUCIE I8 UG 06y [0Sy ana

with a stirring device,, a thernoneter, reflux 5 cooler, and . a .

ni t rogen % ﬁﬁﬁ%ﬁﬁt, TRCPRAEESHy medd Gt 1, hapht hat BREGYJPRosPhine,
(manuf act ur ed Tokyo em cal Industry Co. td., Jting point:

136G, nDIgE&F %&P%%FP82§612, purity:%%ﬁ%%é¥E§%9§éE;@§'by mass of and
4, 4" -hi schl or onet hyl bi h%nyl (manuf actured by Wako Pure 10 Chemi ca

| ndust i e§F TR Y PRIBPEPRIFE 5% ol ecul ar wei ght: 251), and 0.6

parts by nBES of pure water were wei ghed, and then the m xture was

heat ed whi P& ée system was purged with nitrogen.Upon the initiation

of nelting, stirring was started. While the tenperature inside the
system was 15 rakafzilfed 9t thfe tehgasspsisda tod 1shes phwa igys tepmmagnd
allowed to react for 2 hours. During the reaction described above,

t he hydr oEhP&r P& Yadid Ufesterat el ¢ nr € é ns pormdmn Bkt honealt semitdmnductor
reaction was discharged out of the system by neans of a nitrogen gas
stream AfRERPSoHR et PBNCST thife RDepeadt ilgwWenespduahn dytiechbppoands
acid and water were distilled off under reduced pressure conditions

at 130C andrZemeu).edhby, fe@yphelol (&) resi n-based curing agent 6

repr esent ed Fy formul aLA3) (hydroxyl géoup equi val ent: 102 g/ eq,
softening poj nt: 75C viscosity at &@50C. 1.15 dPa-s, content

s —w | bl lw]  ®

— R10 - X

wherein in the formula (5), P represents a phosphorus atom;
R8, R9, R10 and R11l each represents an aromatic group or an
alkyl group; A represents an anion of an aromatic organic acid

15 having at least one group selected from the group consisting
of a hydroxyl group, a carboxyl group and a thiol group in
the aromatic ring; AH represents an aromatic organic acid
having at least one group selected from the group consisting
of a hydroxyl group, a carboxyl group and a thiol group in

20 the aromatic ring; x and y each represents an integer from
1 to 3; z represents an integer from 0 to 3; and x = y.
[0067]

A compound represented by the formula (5) may be ocbtained,



25 proportion of u=0 calculated by the GPC area nethod: 51% 67
content proportion of u=0 to 2: 95% average value of u: 0.72) was
obtained. OH H (13) HO [0117] 5The ICl viscosities of the epoxy

resins 1 to 3 and the phenolic resin-bas¥ curing agents 1 to 6 were
measur ed using an 1 C] cone-plate visconeter nanufactured by MST

Engi neeri ér E"F@%‘qmiﬂnl@ﬁ@apﬁ@q forgarf $911ersmaert dhg (Q)etlé@d is
bl end (|nor%an|c filler material 1) of 87. 7%t%yl mass of fused

spheri cal RSl +e5epESEhE PR ldde trd i F818i-ze F'136 tonf hahupasatedt pyed
Denki Kagaku Kogyo K. K., 5.7% by mass of synthetic spherical silica

SO C2 (av@P&@@%ﬁHliﬂél%a%iLé@f on5apRAtdifufoRdanrbd dyids Addes dense are
Co., Ltd., and 6.6% by mass of synthetic spherical silica SO 05
(aver age Eéuxteldcllé‘L 3Nz €T 93 igms MRt et thedn byt ndrat echs idermly duixed,
was used. [0119] As the curing accelerator (D), curing
accel & at 8R€ 2@ BT 01 §HovgR bek W i B imed.s generat@d fngthe solution
accelerator 1: Curing accelerator represented by fornula (14) 68
[ 0120] syst@gr.i ngadeet @vandil?:, Guebngaceel ecgtmmseptedeny edby formula
formul a (15)
(5) may be precipitated by adding water. In the compound
represented by the formula (5), a compound in which R8, R9,
R10 and R11 that are bonded to the phosphorus atom are phenyl
10 groups; AH is a compound having a hydroxyl group on an aromatic
ring, that is, a phencl compound; and A is an anion of the
phenol compound, is preferred.
[0068]
Examples of the phosphobetaine compound that may be used
15 in the resin composition for semiconductor encapsulation of

the present invention include compounds represented by

formula (6):

(X1),

. (6)

(Y1)

wherein in the formula (6), X1 represents an alkyl group having
20 1l to 3 carbon atoms; Y1l represents a hydroxyl group; i

represents an integer from 0 to 5; and j represents an integer




5 [0121] As the coupling agent (F), silane coupling agents 1

to 3 shown bel ow were used. Silane coupling agent 1: 10

y- mer capt opr opyl tri met hoxysi |l ane (manufactured by Shin-Etsu Chem cal

Co., Ltd. KBN¢803) Si | ane couplfﬁ% agent 2:

y- egC|do§¥8 H% ﬁethoxysilane (manuf actured by Shin-Etsu Chem cal
Co., Ltd. 0(§ 5Si | ane coupling agent 3:

N- phenyl - goﬁ%b opropyltrinethoxysilane (manuf actured by Shin-Etsu

Chem cal Ltd., KBM573) [0122] As theinorganicflame

r et ar dant ((3 alunlnun1 droxi de,  20(;manuf act ure by no
Chem cal co. R EaTB I P (R R £ SRR § S AL Y 7 py 4R gotained,
col orant, carbon bl ck MAG0Q nanufact red b tsublsﬁb Chem ¢ d
Corp. was 8§e3 %ﬂ% The'Pefe Wﬁf%g%ﬂ? E4&r Pax ( RK@ompoun is
CARNA BA, p0| manuf act ured by N kko Flne Product s

Bra ofEe et tBrsinah exanpl 8 2o B Theotol | obt g conpoRehedns 2
mere nlxed N a nlxer at _normal tenperature, and nelt kneadi ng was
carried oufiGSoHE A feabBdtis e gphogphdde B¢ BocThérast PECSRINER S,

kneadi ng product was cool ed and then pulverized, and thus a resin
conpomtl%ﬂ\M% gpegigfelim salt into contact, and substituting the

triaromatic-substituted phosphine and the diazonium group
carried by the diazonium salt. However, the method is not
10 intended to be limited to this.
[0070]
Examples of the adduct of a phosphine compound and a
quinone compound that may be used in the resin composition
for semiconductor encapsulation of the present invention

15 include compounds represented by formula (7):

R12 0

Ri4—p RIS
O (7)

/
R13 R{17 R16
OH

wherein in the formula (7), P represents a phosphorus atom;

R12, R13 and R14 each represents an alkyl group having 1 to
12 carbon atoms, or an aryl group having 6 to 12 carbeon atoms;

20 R1Z2, R13 and R1l4 may be respectively identical with or




Epoxy resin 18.83 parts by mass Phenolic resin-based curing agent 1
3.67 parts by mass Inorganic filler material 186.5 parts by nass

Curing accelerator 10.4 parts by mass Sil ane coupling agent 10.1

parts by nass Silane coupling agent 20.05lparts by nmass Sil ane

coupling agent 30.05 parts by mass Carbon bl ack0.3 parts by nass

Car nauba WeaxO-&r paFt ErB) Rasd oxdmier rRkdn BRbApasrt RéA S cirrraednts

was evaluated for the followng itens. The evaluation results are
present ed @ RYFESIGen atgp 9pI1P5)yEvaraabicsn dnens havingSpital 12| oarbon
The resin conposition for sem conductor encapsul ati on obtai ned as

descri bed2&lsdar Was> i nRéét @drd b/ Snaynbed resrespi faelll dwentical with
measur enment according to EMM -1-66 under the conditions of 175C, an

i nj ecti onopr desurer ot 6f §oMPaacdnd tther esaudeRiwebndoR IR hasecomd$oined
using a low pressure transfer nol ding machi ne (manufactured by

Koht akd Ptecifsimon dachicAe «Catrb¢ttduyreKTS-15), and the flow | ength was
nmeasured. 10 The spiral flowis a paraneter of fluidity, and a | arger
val ue repri@9éiitls satisfactory fluidity. The unit is cm The resin
conposition obtained in Exanple 1 exhibited 75 cm [0126] Conti nuous
mol dabi lity: 7.Bsgtbé phespesime conpesutdobnhdb obtwssadiastdesgaibhed of
above was charged into the tabletting nold having a size of 0 16 nm

in a rotaeyphadghihegcorgpiined and tableitbng \WRsdeEHQ! MEd rAteBample,

tabletting pressure of 600 Pa. Thus, tablets were obtained. The
tabl ets wehesghargedompounds having an unsubstituted aromatic ring or
10 having an arcomatic ring having a substituent such as an alkyl
group or an alkoxy group, such as triphenyiphosphine,
tris(alkylphenyl)phosphine, tris(alkoxyphenyl)phosphine,
trinaphthylphosphine and tris(benzyl)phosphine, are
preferred, and the substituent such as an alkyl group or an
15 alkoxy group may be a substituent having 1 to 6 carbon atoms.
From the viewpoint of easy availability, triphenylphosphine
is preferred.
[0072]
Furthermore, examples of the gquinone compound that is
20 used in the adduct of a phosphine compound and a guinone
compound include o—-benzoguinone, p-bkenzoguinone, and
anthraquinones, and among these, p-benzoguinone is preferred
from the viewpoint of storage stability.
[0073]
25 As the method for producing an adduct of a phosphine

compound and a guinone compound, an adduct may be obtained

by bringing an organic tertiary phosphine and a benzoquinone




in a tablet supply magazi ne, and the nmagazi ne was placed in 20 the

i nside of a nolding apparatus. A nolding process of obtaining a

sem conduct or device of 208-pin QFP (a lead frane nade of Cu, outer

di mensi on of package: 28 nmx 28 mm x 3.2 mmthick, pad size: 15.5 nm
x 15.5 mm chip size: 15.0 mmx 15.0 nm x 0.35 mmthick) by

encapsul atpngoarsi [icon chnpagt 25 tdesdilkenlty wisarls &yt He stsatilwet sboth
of the resin conposition under the conditions of a nold tenperature

of 175C, ahei gpegtdwrd py essdraiafin®g & HPa;ompnduadeur | ag tihne wof 1 6Ont, a
seconds, using 71 a |ow pressure automatic transfer nol ding nmachine
(manuf act keednley iSciwieXcCot e, a SAuCAVR)s, Iwass cas I hbdeQuis uatnta shuoust yne
up to 300 shots. At this time, the nolding state (presence or absence
of non-fibkingrhefl tdih geMmevoduct as pracd ceaas EoNtkiviered afd &olvent
every 25 shots, and a resin conposition with which the continuous

nol di 5y piecess Viast enabbed o afe 500nshets & 4wie.was rated as 0; a
resin conposition with which the continuous nol di ng process was

enabl ed fpppequal to or nore than 300 shots and fewer than 10 500

shots was rated as a; and a resin conposition with which the

continuous nol di A9 HHOCeSmpMs @naklad ontbawasy t ha: 300 shots was, 4
rated as x. The resin conposition obtained in Exanple 1 enabl ed the

conti nuougoRBLAIRY P 0GRS SH 1 DO0R$ROLS, PR PPr ehaRd Lxhi Bhhedd to the

satisfactory continuous noldability. 15[0127] Adherence test:

Aresin CBHBQ%%H:&IB tg_lyémogk%ﬁ@nﬁg]s @t@éﬂ%&egnat Rg.st,a@ YUY R17 are
er |

pressure of 600 Pa using a po ng press machi ne (manufacture

by Tamaga i Vi - eSS 0-é¥¥Q¥] J LE { £

to a%ggssﬂg?Q%%QgP%%xgﬁ%,at%%gelgf If nﬁﬁg ﬁ%ﬁéﬂgegﬁﬁgggﬁﬂtgéfﬁﬁlof
and tablets r | r.der r1n,cC i nuQu i

Fabl et subbly eeiat neahs, sod i el Ebr SR ite BB B sy From
nmount ed i psjide. |, di a r .bu he tablets_in_the azi ne
mount ed | aibnet HEPaTRs ke BRR A iR et ARy b8 LD a8 PR P
t he magazj pe ,of .t he | di,ng appar.atus _until .the tablets were.actual
used in %Fgfi}{‘&t an%gﬁpct[hogmgt%g’&net sc\oAénpgsilhtjaO%tatfe Tof 88?“&&01106‘“%1
verticall% st ack d191 a surface 72 %e, erature of about 35C. For the
suppl y an n888§é©éhc%o%fm?ﬁe CaBt AR R AEFGe YHE nol di ng appar at us,

when a quﬁ-zg pinis elevated fromthe | owernost part of the

naga}lne, R &ppernnst tabl et is pushed out fromthe upper part of

the 5 nagazine,_ lifted by a _nechanjcal arm and conveyed to a pot for
transfer nnlmrﬁfa%@f?ﬁiéftFﬂé %EHQ%E‘Téb?éﬁ?DEHHQPéWW1QQRpﬁgngnﬂnd a
down directions while waiting in the magazi ne, conveyance failure
occurs. [Di28]E16RTPORNS ngwéwc&é Dee§E Y 4 b PGedoFdm so@RGpition for
vertically stacked in the magazine and are left to stand at 35C for_8
hours, andeThERIE ST At TP aHhELede ifstBENPFRAEAT ANYEIE Wiieri ¢hede
tabl ets were not adhering was rated as 0; a case where slight

adher ence“DREAPFEF HIRP ¥ RachalIdetiy wepsmEds | 4815 det ached was rat ed

as L; and a case where the tablets sinply did not cone off was rated

as x. The[epoxy resin conmpa3iti pn obtainegZQn Exanpl e T]jdoes not

exhi bit aflherenceRb8t ween t e t hbl ets, andjconti nuous mpl di ng may be
easily cafried outl | f such|adhgrence of t%blets occurs| an accurate

number of | oy —p —R19 Y2 —Si—Y4
| o /N ®)
X3
R20 ~™v3 Ys

20

wherein in the formula (8), P represents a phosphorus atom;
Si represents a silicon atom; R18, R19, R20 and R21 each

independently represent an organic group having an aromatic



20 tablets may not be conveyed in an encapsul ati on nol di ng process

for sem conductor devices, and this causes equi pnent stoppage. [0129]

Fl ane resistance: A resin conposition for sem conductor 25
encapsul ati on was injection nolded usingtd | ow pressure transfer
nmol di ng machi ne (manuf actured by Kohtaki Precision Machine Co., Ltd.
KTS-30) ukdérd PRe? (ot FPENE 1dC A1RSI/dOT7aN khipeRat eI BPUP75Ch 1R R18,
injection tine of 15 seconds, a curing tinme of 120 seconds, and an

i nj ecti onRgfesstird AN9. &4Ajpanathuse F93RREtidsilst apdedfdGanwith or
having a thickness of 3.2 mmwas produced and heat treated at 175C

for 4 houfdffmRemt fgerh mareh RS edbt ZRnBEPRES S} a6t edIrd ig grame that
resi stance test according to the standards of the UL94 vertical

met hod. ThEé Plawed ds¢ stancerpapies Yaf vard [ igneat rapecissditcatan ¢pganic
the table. The resin conposition for sem conductor encapsul ation

obt ai fed proRramilat 1L extdbieddtoathef gooms M fdradhel ¥ esYStamdeY @i ¢hAch
Fmax: 4 seconds, ZF: 11 seconds, and flane resistance rank: V-0.

[ 0130] repreSumes a ggiosttanbe tt estf drméd|vdaen fa pme tound @da Wil iy @aroup
sem conductor elenment (silicon chip) or the like was 15 encapsul at ed

by i nj ect rad ea gesianpcomuos whont 4 grircagns cohduet &3 encapsw ateamlecule
using a |l ow pressure transfer nol di ng machi ne (manufactured by

Dai -i chi SeekdcGmed ith &PsELEroundaron heo chndint & ookedhte mdxhcture;
tenperature of 180C, an injection pressure of 7.4 MPa, and a curing
tine of 120 2hséet6ndsacHhugep BOpsIrPssein gpoaductidiatievisceso tfdad wHat a
Package, a lead frane made of Cu oxide spot, size: 14 x 20 nmm X

t hi ckriessp2o@@nvoseniagnduouer relemids & protdm) whblekyesap@ 89 and
mm the sem conductor elenent is bonded to the inner |ead section of

the | ead fpapk vhé rb@m@@hé’l@bﬁ@ehé\ﬂen%025e@l giamehes i 0f c&% BEbmeBErorm
produced. Six sem conductor devices that had been heat treated at

175C for 4 bpunsterie tueaied; for 494 hoursyabe 30CspREta Vel Ati¥entical
hum dity of 60% and then 74 an IR reflow treatnent (260C, according

to JEDEC Level o3 eongidionse) rwasm GAdH eskiout . The Rresence 0f fhsghGepe
of peeling and cracking in the interior of these sem conductor

devi ces wag ;@RI ML W tde 2P BLET ASORI 6T ®f F ELRSGOPS R cach other; and
(manuf actured by Hitachi Construction Machinery Co., Ltd., M -SCOPE

10), iand ﬁlsﬁgb%QﬁQH§EQrage¥E§§nHQ:gﬂio awgvgg?tgk @E@h&ﬁ@iﬁngin or a

cracki ng had occurred was conSi dere e de ive. Wien the nunber

of defectjue.sem duct.or, device $ 1Bndi; Lndi cated as n/6.
The sem con Sctoé&%g dev?cgg étta§%2% %% é&%ﬁ%?ér?ﬂgésulted in a
nunber of 946, and exhibited satisfactory reliability. [0131]

Sol der resistance test 2: Atest was carried out in the sane nanner

Govi Ces that  hai'bols Bosfrial 36 ab TIBC IO Rbgrs Nw it A Sof dar R21
and o ol SPTUR R B Vdr B0 TRe S ERY LG b RO o db e R FRY
rE)e(Iainglk?iel H‘g%gﬁf?}iﬁg%l nh%/&qruonyféhg%yq/ 6,graggpe;‘xhi§)i t%%p%agﬂfi ac%q;royup%o a
hydroxynaphthyl group, a benzyl group, a methyl group, an

ethyl group, an n-butyl group, an n-octyl group, and a
cyclohexyl group. Among these, an aromatic group having a
substituent such as a phenyl group, a methylphenyl group, a

25 methoexyphenyl group, a hydroxyphenyl group, or a

hydroxynaphthyl group, or an unsubstituted aromatic group is

more preferred.




H gh tenperature storage characteristics: Alead frame nounted with a
sem conductor elenment (silicon chip) or the |like was encapsul ated by
injecting a resin conposition for 25 sem conductor encapsul ati on

using a |l ow pressure transfer nol di ng nmeehi ne (manufactured by

Dai -ichi Sei ko Co., Ltd., GP-ELF) under the conditions of a nold

t enper at ul@0f71180C, 75 an injection pressure of 6.9 0.17 MPa, for

90 seconds. Thus, 16-pin type DI P sem conductor devices (Dual Inline
Package, a | eadIfirahe fadmudfa 43)al K@y repiraserrt stax ddgdnivm group that
t hi ckness 1.8 mm sem conductor elenment: 5 x 9 mm x thickness 0.35

mm 5 t helsebioogledlidtory Z2laenem3 hassani barde,| Aper epad swn as tdm cknesasic
of 5 pmforned on the surface, and a |ine-and-space al um num w ri ng
pattern wiotthwp tihre wisdbbndedlOopgrbupshed o4 rEd. orv 2 heyddxizderkayebups
and the alumnumw ring pad unit on the elenent and the | ead frane

pad urft &oenzahdécewigihoOnadeolat ¢ eyharbBgraldiaaeiafottdndd PAN the
were produced. The initial resistance values of ten sem conductor

devi ces t babupadyizeendheatir ket edmat md72C 1 a4 NYUR S ABwa tPOSts LUL Bon
wer e neasured, and the sem conductor devices were subjected to a high

t enper at Ug@ o3t AAT® A et dBAl adk 583w d®©ird 000shaunsr1kp, Afd efndhes are
hi gh tenperature treatnent, the resistance val ues of the

seni condu?&@mgbevﬁ&ﬂﬁeaememeg&t{f%na\oﬁ@miw%@lssd%h@%g@iﬁbb@fés,

an initial resistance value o 30% or hi gher” was consi dered to be

def ectiveanandna gaseprhere sthe yaugber hof sdefeqid e sem '
devi ces mgg 0 masgindfﬁgtedaas 0, 20 mhilg a case mher%1t gqﬁﬁ%ﬁég %%th

def eqty ve,SgRiIGICE ObndeYl Ges-as 151910 V@§r+8959%t.edT%% n;?err&gﬁs X2

sem conductor devices obtained in Exanple 1 resulted in a nu

0/ 10, and. exhihl L) Al 1SI5LOE Y vEaly AR Yca 0333, 2AEKAMILS 218, o

12 and Conparative Exanples 1 to esi n conpositions

sen condu e | at.i,on e red,hKn t S r i
Bl o 1o AR R BB by hdr by T Ay be

TaoLe S Rl o prd i £ 1y SRTPOR, Lhgps RS ellysLatd e
Tabl e 2, ggg%easgggng%ggié%enggd[g%3§%2L%agk%—ggncﬁﬁygﬂfﬁ—YS— in the
15 formula (8) is composed of a group formed when a proton donor
release two protons, and examples of the proton donor include
catechol, pyrogallol, l,2-dihydroxynaphthalene,
2,3~dihydroxynaphthalene, 2,2"'"-biphenol,
1,1"-bi-2-naphthol, salicylic acid, 1l-hydroxy-2-naphthoic
20 acid, 3-hydroxy-2-naphthoic acid, chloranilic acid, tannic
acid, 2-hydroxybenzyl alcohol, l,2-cyclohexanediol,
l,2-proapnediol, and glycerin. Among these, catechol,
l,2-dihydroxynaphthalene, and 2,3-dihydroxynaphthalene are
more preferred.
25 [0078]

Z1 in the formula (8) represents an organic group having

an aromatic ring or a heterocyclic ring, or an aliphatic group,



123456 Epoxy resin 1 Epoxy resin 2 Epoxy resin 3 8.83 7.42

6.84 8.96 7.30 8.83 Phenolic resin-based curing agent 1 Phenolic

resi n-based curing agent 2 Phenolic resin-based curing agent 3
Phenol i ¢ resin-based curing agent 4 Phet®lic resin-based curing

agent 5 Phenolic resin-based curing agent 6 3.67 5.08 5.66 3.54 5.20
3. 67 | nor gani epkidifekc le:genp5186. 6hgg e include aliphatic hydrocarbon

10

15

20

25

groups such as a methyl group, an ethyl group, a propyl group,
a butyl group, a hexyl group and an octyl group; aromatic
hydrocarbon groups such as a phenyl group, a benzyl group,
a naphthyl group, and a biphenyl group; and reactive
substituents such as a glycidyloxypropyl group, a
mercaptopropyl group, an aminopropyl group, and a vinyl group.
Among these, a methyl group, an ethyl group, a phenyl group,
a naphthyl group and a biphenyl group are more preferred from
the viewpoint that thermal stability of the compound of the
formula (8) is enhanced.

[0079]

As the method for producing an adduct of a phosphonium
compound and a silane compound, a silane compound such as
phenyltrimethoxysilane and a proton donor such as
2,3-dihydroxynaphthalene are added to a flask containing
methanol and were dissolved in methanol. Subsequently, a
methanol sclution of sodium methoxide is added dropwise
thereto under stirring at room temperature. Furthermore,
when a solution prepared 1in advance by dissolving a
tetrasubstituted phosphonium halide such as
tetraphenylphosphonium bromide in methanol is added dropwise
to the mixture under stirring at room temperature, crystals
are precipitated cut. The precipitated crystals are filtered,
washed with water, and dried in vacuum, and thus an adduct
of a phosphonium compound and a silane compound may be obtained.

However, the production method is not intended to be limited
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to this.
[0080]

The mixing proportion of the curing accelerator (D} that
may be used in the resin composition for semiconductor
encapsulation of the present invention is preferably equal
to or greater than 0.1% by mass and equal to or less than 1%
by mass of the whole resin composition. When the amount of
incorporation of the curing accelerator (D) is in the range
described above, sufficient curability and fluidity may be
cbtained.

[6081]

The resin composition for semiconductor encapsulation
of the present invention may further contain a compound (E)
in which two or more adjacent carbon atoms that constitute
an aromatic ring are each bonded to a hydroxyl group
(hereinafter, also referred to as "compound (E)"}). When the
compound (E) is used, even when a phosphorus atom-containing
curing accelerator which does not have latency is used as the
curing accelerator (D} that accelerates the crosslinking
reaction between a phenolic resin and an epoxy resin, the
reaction during the melt kneading of the resin mixture may
be suppressed, and a resin composition for semiconductor
encapsulation may be stably obtained. Furthermore, the
compound (E) also has an effect of decreasing the melt
viscosity of the resin composition for semiconductor
encapsulation and enhancing fluidity of the resin composition.

As the compound (E), a monocyclic compound represented by
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formula (9) or a polycyclic compound represented by formula
(10) may be used, and such a compound may have a substituent

other than a hydroxyl group.

OH
R26 R22

(9)
R25 R23

R24

5 wherein in the formula (9), any one of R22 and R26 represents
a hydroxyl group, while the other represents a hydrogen atomn,
a hydroxyl group, or a substituent other than a hydroxyl group:
and R23, R24 and R25 each represents a hydrogen atom, a

hydroxyl group, or a substituent other than a hydroxyl group.

R33 R27

HO R23
(10)
R32 R29

R31 R30

wherein in the formula (10), any one of R32 and R33 represents

10

a hydroxyl group, while the other represents a hydrogen atom,

a hydroxyl group, or a substituent other than a hydroxyl group;
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and R27, R28, R29, R30 and R31 each represents a hydrogen atom,
a hydroxyl group, or a substituent other than a hydroxyl group.
[0082]
Examples of the monocyclic compound represented by the
5 formula (9) include catechol, pyrogallol, gallic acid, gallic
acid esters, and derivatives thereof. Furthermore, examples
of the polycyclic compound represented by the formula (10)
inciude 1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene,
and derivatives thereof. Among these, from the viewpoint
10 that it is easy to control fluidity and curability, a compound
in which two adjacent carbon atoms that constitute an aromatic
ring are each bonded to a hydroxyl group, is preferred.
Furthermore, when volatilization during the kneading process
is considered, it is more preferable to employ a compound in
15 which the mother nucleus is a naphthalene ring which is less
volatile and has high weight stability. In this case,
specifically, for example, a compound having a naphthalene
ring, such as 1,2-dihydroxynaphthalene,
2,3-dihydroxynaphthalene, or a derivative thereof, may be
20 employed as the compound (E). These compounds (E) may be used
singly, or two or more kinds may be used in combination.
[0083]
The amount of incorporation of the compound (E) is
preferably equal to or more than 0.01% by mass and equal to
25 or less than 1% by mass, more preferably equal to or more than
0.03% by mass and equal to or less than 0.8% by mass, and

particularly preferably equal to or more than 0.05% by mass
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and equal to or less than 0.5% by mass, of the total amount
of the resin composition for semiconductor encapsulation.
When the lower limit of the amount of incorporation of the
compound (E) 1s in the range described above, sufficient
effects of decreasing the viscosity of the resin composition
for semiconductor encapsulation, and enhancing the fluidity
of the resin composition may be obtained. Furthermore, when
the upper limit of the amount of incorporation of the compound
(E) is in the range described above, the risk of causing a
decrease in curability and continuous moldability of the resin
composition for semiconductor encapsulation, or causing
cracks at the solder reflow temperature, is small.

[6084]

In the resin composition for semiconductor
encapsulation of the present invention, a coupling agent (F)
may be further added in order to enhance the adhesiveness
between an epoxy resin and an inorganic filler material.
There are no particular limitations on the coupling agent,
but examples thereof include epoxysilanes, aminosilanes,
ureidosilanes, and mercaptosilanes. Any compound which
reacts or acts between an epoxy resin and an inorganic filler
material, and thereby enhances the interfacial strength
between the epoxy resin and the inorganic filler material,
is preferred. Furthermore, when used in combination with the
compound (E}) described above, the coupling agent (F) 1is
capable of increasing the effect of the compound (E)} of

decreasing the melt viscosity of the resin composition and
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[0085]

Examples of epoxysilanes include
y-glycidoxypropyltriethoxysilane,

5 vy-glycidoxypropyltrimethoxysilane,
y-glycidoxypropylmethyldimethoxysilane, and
p-(3,4-epoxycycliohexyl)ethyltrimethoxysilane.

{0086l
Examples of aminosilanes such as
10 y-aminopropyltriethoxysilane,
y-aminopropyltrimethoxysilane,
N-P- (aminocethyl)-y-aminopropyltrimethoxysilane,
N-B-(aminoethyl)-y-aminopropylmethyldimethoxysilane,
N-phenyl-y-aminopropyltriethoxysilane,
15 N-phenyl-y-aminopropyltrimethoxysilane,
N-B- (aminoethyl)~y-aminopropyltriethoxysilane, and
N-6- (aminohexyl)-3-aminopropyltrimethoxysilane. An
aminosilane which is protected by allowing the primary amino
site of the aminosilane to react with a ketone or an aldehyde,
20 may also be used as a latent aminosilane coupling agent.
[0087]

Examples of ureidosilanes include
y-ureidopropyltriethexysilane, and hexamethyldisilazane.
(0088]

25 Examples of mercaptosilanes include
y-mercaptopropyltrimethoxysilane,

3-mercaptopropylmethyldimethoxysilane, as well as a silane
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coupling agent which exhibits the same function as a
mercaptosilane coupling agent when thermally degraded, such
as bis(3-triethoxysilylpropyl) tetrasulfide or
bis(3~triethoxysilylpropyl) disulfide. Furthermore,
products obtained by hydrolyzing these silane coupling agents
in advance may also be incorporated. These silane coupling
agents may be used singly, or two or more kinds may be used
in combination.

[0089]

The lower limit of the mixing proportion of the coupling
agent (F) that may be used in the resin composition for
semiconductor encapsulation of the present invention is
preferably 0.01% by mass or greater, more preferably 0.05%
by mass or greater, and particularly preferably 0.1% by mass
or greater, of the whole resin composition. When the lower
limit of the mixing proportion of the coupling agent (F) is
in the range described above, there is no decrease in the
interfacial strength between the epoxy resin and the inorganic
filler material, and satisfactory resistance to solder
cracking in the semiconductor device may be obtained. The
upper limit of the mixing proportion of the coupling agent
(F) is preferably 1.0% by mass or less, more preferably 0.8%
by mass or less, and particularly preferably 0.6% by mass or
less, of the whole resin composition. When the upper limit
of the mixing preoportion of the coupling agent (F) is in the
range described above, there is no decrease in the interfacial

strength between the epoxy resin and the inorganic filler
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material, and satisfactory resistance to solder cracking in
the semiconductor device may be obtained. Furthermore, when
the mixing proportion of the coupling agent (F) is in the range
described above, there is no increase in the water absorption
rate of the cured product of the resin composition, and
satisfactory resistance to solder cracking in the
semiconductor device may be obtained.

[0090]

In the resin composition for semiconductor
encapsulation of the present invention, an inorganic flame
retardant (G) may be further added in order to increase flame
resistance. Examples thereof include, but are not
particularly limited to, metal hydroxides such as aluminum
hydroxide and magnesium hydroxide; zinc borate, and =zinc
molybdate. These inorganic flame retardants (G) may be used
singly, or two or more kinds may be used in combination.
[00921]

The mixing proportion of the inorganic flame retardant
(G) that may be used in the resin composition for semiconductor
encapsulation of the present invention is preferably equal
to or greater than 0.5% by mass and equal to or less than 6.0%
by mass o©of the whole resin composition. When the mixing
proportion of the inorganic flame retardant (G) is in the range
described above, an effect of enhancing flame resistance may
be obtained, without impairing curability or
characteristics.

[0092]
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encapsulation of the present invention, an ion trapping agent
(H) may be further added in order to¢ enhance moisture
resistance reliability such as HAST {(Highly Accelerated
temperature and humidity Stress Test). Examples of the ion
trapping agent (H) include hydrotalcites, and hydrated oxides
of elements selected from magnesium, aluminum, bismuth,
titanium, and zirconium. These may be used singly, or two
or more kinds may be used in combination. Among these,
hydrotalcites are preferred.
[0093]

The amount of incorporation of the ion trapping agent
(H) 1s not particularly limited, but the amount of
incorporation is preferably equal to or greater than 0.05%
by mass and equal to or less than 3% by mass, and more
preferably equal to or greater than 0.1% by mass and equal
to or less than 1% by mass, of the total amount of the resin
composition for semiconductor encapsulation. When the
amount of incorporation is in the range described above, an
effect of exhibiting a sufficient ion supplementing action
and enhancing moisture resistance reliability is obtained,
and also, the adverse effect on the characteristics of other
materials 1is reduced.
[0094]

In the resin composition for semiconductor
encapsulation of the present invention, additives including

colorants such as carbon black, red iron oxide, and titanium




0/6 0/6 0/6 0/6 0/6 0/6 0O/6 O/6 0/6 0O/6 O/6 H g
characteristics(HTSL) 0/10 0 0/10 O 0/10 0 O/1
[ Tabl e 4]

[ 0135]

10

15

20

25

h tenperature storage
00010 00/10 0 79

54

oxide; releasing agents, such as natural waxes such as
carnauba wax, synthetic waxes such as polyethylene waxes,
higher fatty acids and metal salts thereof such as stearic
acid and zinc stearate, or paraffin; low stress additives such
as silicone oils and silicone rubbers; inorganic ion
exchangers such as bismuth oxide hydrate; and inorganic flame
retardants such as phosphoric acid esters and phosphazene,
may also be appropriately incorporated in addition to the
components mentioned above.

[0095]

The resin composition for semiconductor encapsulation
of the present invention is prepared by uniformly mixing the
epoxy resin (A), the curing agent (B) and the inorganic filler
material (C}, as well as other components described above
using, for example, a mixer or the like at normal temperature.
[0096]

Thereafter, if necessary, the mixture is melt kneaded
using a kneading machine such as a heated roll, a kneader or
an extruder, and subsequently, the kneading product is cooled
and pulverized as necessary. Thereby, the dispersity,
fluidity and the like may be adjusted to desired wvalues.
[0097]

Next, the semiconductor device of the present invention
will be described. As the method for producing a
semiconductor device by using the resin composition for
semiconductor encapsulation of the present invention, for

example, a method of installing a lead frame or a circuit board
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cavity of a mold, subsequently meolding the resin composition
for semiconductor encapsulation by a molding method such as
transfer molding, compression molding or injection molding,
and curing, and thereby encapsulating this semiconductor
element, may be mentioned.

[0098]

Examples of the semiconductor element that 1is
encapsulated include, but are not limited to, integrated
circuits, large scale integrations, transistors, thyristors,
diodes, and solid state imaging elements.

[0099]

Examples of the form o¢f semiconductor device thus
obtainable include, but are not limited to, dual in-line
package (DIP), plastic lead chip carriers (PLCC), quad flat
package (QFP), low profile quad flat package (LQFP), small
outline package (SOP), small outline J-lead package (S0J),
thin small outline package (TSOP), thin quad flat package
(TQFP}, tape carrier package (TCP), ball grid array (BGA),
and chip size package (CSP).

[0100]

A semiconductor device in which a semiconductor element
is encapsulated with the resin composition for semiconductor
encapsulation by a molding method such as transfer molding,
is mounted on an electronic instrument or the like either
directly or after this resin composition is completely cured

over a time period of about 10 minutes to 10 hours at a
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temperature of about 80°C to 200°C.
[0101]

Fig. 1 is a diagram illustrating the cross-sectional
structure of a semiconductor device using the resin
compesition for semiconductor encapsulation according to the
present invention. A semiconductor element 1 is fixed onto
a die pad 3 by means of a cured product of a die bonding material
2. An electrode pad of the semiconductor element 1 and a lead
frame 5 are connected by a gold wire 4. The semiconductor
element 1 is encapsulated by a cured product 6 of the resin
composition for semiconductor encapsulation of the present
invention.

[0102]

Pig. 2 is a diagram illustrating the cross-sectiocnal
structure in an example of a single-side encapsulation type
semiconductor device using a resin composition for
semiconductor encapsulation according to the present
invention. A semiconductor element 1 is fixed onto the solder
resist 7 of a laminate in which & layer of a solder resist
7 is formed, on the surface of a substrate 8 by means of a
cured product of a die bonding material 2. Furthermore, in
order to enable conduction between the semiconductor element
and the substrate, the solder resist 7 on the electrode pad
has been removed by a development method so that the electrode
pad is exposed. Therefore, the semiconductor device of Fig.
2 is designed such that the electrode pad of the semiconductor

element 1 and the electrode pad on the substrate 8 are
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connected by a gold wire 4. When the resin composition for
semiconductor encapsulation is molded to form a cured product
6 of the resin composition for semiconductor encapsulation,
a semiconductor device in which only one surface side of the
substrate 8 where the semiconductor element 1 is mounted is
encapsulated, may be obtained. The electrode pad on the
substrate 8 is internally bonded to the solder balls 9 on the

non-encapsulated surface side of the substrate 8.

EXAMPLES
[0103]

Hereinafter, the present invention will be described in
detail by way of Examples, but the present invention is not
intended to be limited by the descriptions of these Examples.
Unless particularly stated otherwise, the amounts of
incorporations of various components in the following
descriptions are on a mass basis.

[0104]

In the following Examples 1 to 12 and Comparative
Examples 1 to 4, resin compositions containing the components
indicated in Tables 1 to 4 in predetermined amounts of
incorporation were prepared, and the resin compositions were
evaluated in terms of spiral flow, continuous moldability,
resistance to adherence, flame resistance, resistance to
solder, and high temperature storage characteristics.
[0105]

As the epoxy resin (A), the following epoxy resins 1 to
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Chemical Industry Co., Ltd.) were weighed, and the mixture
was dissolved by heating to 90°C. Subseguently, 50 parts by
mass of sodium hydroxide (solid fine particulate form, 99%
purity reagent) was slowly added thereto over 4 hours, and

15 the resulting mixture was heated to 100°C and allowed to react
for 2 hours. At the time point when the color of the solution
turned yellow, the reaction was terminated. After the
reaction, an operation (water washing) of adding 150 parts
by mass of distilled water, shaking the reaction mixture, and

20 then discarding the agqueous layer was repeatedly carried out
until the washing water became neutral. Subsequently, as a
second stage reaction, in a separable flask equipped with a
stirring device, a thermometer, a reflux cooler, and a
nitrogen inlet port, 100 parts by mass of the intermediate

25 obtained in the first stage, 100 parts Dby mass of

epichlorohydrin (manufactured by Tokyo Chemical Industry Co.,

Ltd.), and 3 parts by mass of tetramethylammonium chloride
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20 parts by mass of distilled water to the oil layer, and the
same water washing operation was repeatedly carried out until
the washing water became neutral. Subsequently, methyl
isobutyl ketone was distilled off by heating under reduced
pressure, and thus an epoxy resin 1 containing a compound

25 represented by formula (11) {(epoxy eguivalent: 234 g/eq,
softening point: 75°C, ICI viscosity at 150°C: 1.50 dPa-sec)

was obtained. The FD-MS spectrum of the epoxy resin 1 is
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and a n=1 conponent, a n=2 conponent, and ot her side products are

cont ai nedo4t aaqwrmm@nbnr@prw;amiyear by ifortmothd . (120[042hid84 n = 1,
(rmanuf actured by M tsubishi Chem cal Corp., E-1032H60, hydroxyl group
equi val enendl1?1 7§/ ed, asobmgmimenipaiapres58@tddChbwitscosily at1150€ which
1.30 dPa.sec) [0143] 5Epoxy resin 6: Otho-cresol -novol ac type epoxy
resin (manefactured by DI C Corp., EPLICLON N660, hydroxyl group
equi val ent: 210 g/eq, softening point: 62C, 1Cl viscosity at 150C

2.34 dPa. $§63)710144] 10Epoxy resin 7: Phenol-aral kyl type epoxy resin
havi ng a phenyl ene skel eton (manufactured by N ppon Kayaku Co., Ltd.,
NC- 20@0, hydr oxgbogrotup sequi2valzentsp 338 @ ean 30{&pBKYYRRINId1SRE: 225
I Cl viscosity at 150C. 1.2 dPa.sec) [0145] 15Epoxy resin 8:

Phenol - ar gl/kydl, typerepoxy resimt hagerg ,a biphenylens skeketamooc: 1.10
(manuf actured by N ppon Kayaku Co., Ltd., NC 3000, hydroxyl group

equi val enira2ée )/ s SHtLNhBE B9 fhe Sdfre bPlrdiSCOSIdY @aL506ed for
1.11 dPa-sec) [0146] 20The GPC anal ysis of the epoxy resin 4 was

carried otheundgbxiyhe rbalil:pwiing eendidd onsha20 1@p of élr%éﬁpia? ohakhe of
epoxy resin 4 was suff|C|entIy di ssol'ved by addi ng épn1 of sol vent

tetrahydrghuhan dnkd 1 e 2Ad (h BB uRlM A 10,1 hen
anal ysi s. QA GPCngsten$|n mhlcﬁ Modul e W2 QgQﬁgﬁtfacture% htxy co.,

15 Ltd.) and 300 parts by mass of epichlorohydrin (manufactured
by Tokyo Chemical Industry Co., Ltd.) were used in the reaction
of the first stage. The FD-MS spectrum of epoxy resin 2 is
presented in Fig. 4. The peak intensity fractions of the
various components of the epoxy resin 2 cbtained from the FD-MS

20 spectrum are presented in Table 1. From these results, it
was confirmed that the epoxy resin 2 contained 69.7% of a
component represented by formula (11} in which n = 0, 28.9%
of a component represented by formula (11) in which n = 1,
and 1.4% of a component represented by formula (11) in which

25 n = 2.

[0108]

Epoxy resin 3: A 10% sample solution was prepared by



25 by Waters Corp., TSKGUARDCOLUWNHHR-L (dianeter: 6.0mm pipe

| ength: 40 nm a guard colum) nmanufactured by Tosoh Corp., two

TSK-CGEL GVHHR-L (dianeter: 7.8 mm pipe length: 30 nm 85 a

pol ystyrene gel columm) manufactured by dbsoh Corp., and a

differential refractive index (RI') detector W2414 nmanufactured by

Wat ers CosidiikF e tenirley 8doifrsey | é wadeusédteimedl aber adtletafineke by
pump was 0.5 m/mn, the tenperature in 5 the colums and the

di f f er ent P&Ir fmfmbeyi teei ddexstdeteegor raastsiein tand0theanguan. fying the
anal ysis was carried out by injecting a measurenent solution using a
100- pl i npegexdirct [W{OEAVEhe epoxy réasinh2 dewemol bedraisdmeasa s ey rouie agzed,
agent (B), phenolic 10 resins 2 to 9 were used. Phenolic resins 2 to

6 were thensanetas desempled abodeition  wamongulhesetethe phenatd tumn
resin-based curing agents 4 and 9 correspond to the phenolic resin
(B-1),5 whiche cinteet phneaphiic festn-ilvasad el i s agents &t fo@adi8n column,
correspond to 15 the naphthol resin (B-2). [0148] Phenol i c

resi n- basedcelniny agensiderAheopalyrets iypernesi Ridfmd@ter of 80 mm x a
napht hol - novol ac resin and a cresol -novol ac resin (KAYAHARED CBN

manuf act utedgaph Nippors @y aiit Cand Ltrd. 1120 hydeaXxyh OgpeURstyrene gel
equi valent: 139 g/eq, softening point: 90C, IC viscosity at 150C

1.65 dPa. seehdfld8kred by YRhENAbhCchesi.n- Based ULl BY zagenty 8imA pore
napht hol - ar al kyl type phenolic resin having a phenyl ene skel eton
(SN-485 25imrnufactily efaByukeht 0 Xaseh SBparkithry hydnaxy! &P umn, a
equi val ent: 210 g/eq, softening point: 878, I Cl viscosity at 150C:

1. 78 1dPa. $€¢)a 836 +015Q]dex (RIPhERAILCELST Nrhased ¢UhiRY agenty Diyig
A copol yner type phenolic resin of a triphenol nethane type resin an

a phenol - payalag &1 AndHESL D1 f r ' t.er 1.nc. ,
hydr oxyl grgup edhivalgnt: 101ggfgg?ys€§%gn?%8g%%€E%gmggg,sﬁgﬁé@q The

Vi sCosi t Ysghph30Go 145 4Pa, 58Qub 1%Lk é%ﬁgght%e%%ga@aec&%'fg%wﬁg and

conponents were nmixed in a mxer ‘at normal rature,” a

m xture vag.pelds kpgadad w2 Deated was supplied. The refractive

index (RI) chart was monitored, and an extracting solution
15 coming from the point after about 37 seconds to the point after
about 40 seconds was collected. Through this operation, an
epoxy resin 3 (epoxy equivalent: 218 g/eq, softening point:
53°C, ICI viscosity at 150°C: 0.30 dPa-sec) was obtained. The
results of FD-MS of the epoxy resin 3 are presented in Fig.
20 5. From these results, it was confirmed that only a component
represented by formula (11) in which n = 0 was contained, and

the n=1 compcnent and the n=2 component were not confirmed.




roll at 80C to 100C. Subsequently, the kneadi ng product was cool ed
and pul verized, and thus a resin conposition for 15 sem conduct or
encapsul ati on was obt ai ned. Epoxy resin 48.97 Phenolic resin-based
curing agent 4 3.53 Inorganic filleré2mterial 1 86.5 Curing
accelerator 1 0.4 Silane coupling agent 1 0.1 20 Silane coupling

agent 2 0.05

10

[0109]

The FD-MS analysis of the epoxy resins 1 to 3 was carried
out under the following conditions. 1 gof dimethyl sulfoxide
solvent was added to 10 mg of a sample of one of the epoxy
resins 1 to 3, and the sample was sufficiently dissolved
therein. Subseguently, the solution was applied on the FD
emitter and was subjected fTo an analysis. Measurement was
carried out in a detection mass range (m/z) of 50 to 2000 of
by using an FD-MS system in which MS-FD15A manufactured by
JEOL, Ltd. was connected to the ionization unit, and Model
MS-700 double focusing mass specirometer manufactured by JEOL,

Ltd. was connected to the detector.




Si | ane coupling agent 3 0.05 Carbon black 0.3 Carnauba wax

0.1
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[0110]

For the phenoclic resin as the curing agent

following phenolic resins 1 to 6 were used.

[01

type
Bakelite Co.,

softening point: 80°C, ICI viscosity at 150°C: 1.08 dPa*sec).

10 [C1

type phenolic resin having a phenylene skeleton (MILEX XLC-4L
manufactured by Mitsui

equivalent:

15 at

[01

type phenolic resin having a biphenylene skeleton

manufactured by Nippon Kayaku Co.,

i1]

Phenolic resin-based curing agent 1:

phenolic

12]

Phenolic resin-based curing agent 2:

168
150°C:

13]

Phenolic resin-based curing agent 3:

Ltd.

resin

r

g/eq,

(PR-HF-3 manufactured by Sumitomo

Chemical

softening p

0.76 dPa-+sec).

hydroxyl group eguivalent:

s, Inc., h

oint: 62°C,

Ltd.

14

(B),

Phenol-novolac

Phenol~aralkyl

ydroxyl group

ICI wviscosity

Phenol-aralkyl

hydroxyl group

the

102 g/eq,

(GPH-65



Exanples 14 to 24 and Conparative Exanples 5 to 10 Resin
conpositions for sem conductor encapsul ation were prepared in the

sanme manner as in Exanple 13 according to the formulations indicated

in Table 5, Table 6 and Table 25 7, and &4e resin conpositions were
evaluated in the sane manner as in Exanple 13. The eval uation results
are preseftidd ¥l 9abFe283 Tdisi®e 65ahlieTapide pRing8 fTa6le IS ‘Bxaepsety

13 Exanp

| e 14 Exanple 15 Exanple 16 Exanple 17 Exanple 18 Epoxy resin

4 8.97 82ate I B 8708687 dPapsec) .

10

15

20

25

[0114]

Phenolic resin-based curing agent 4: Triphenolmethane
type resin phenclic resin (MEH-7500 manufactured by Meiwa
Chemical Co., Ltd., hydroxyl group equivalent: 97 g/eq,
softening point: 110°C, ICI viscosity at 150°C: 5.8 dPa-sec).
[G115]

Phenolic resin-based curing agent 5: In a separable
flask equipped with a stirring device, a thermometer, a reflux
cooler, and a nitrogen inlet port, 116.3 parts by mass of a
37% aqueous solution of formaldehyde (manufactured by Wako
Pure Chemical Industries, Ltd., formalin 37%), 37.7 parts by
mass of sulfuric acid at a concentration of 98% by mass, and
100 parts by mass of m-xylene (special grade reagent
manufactured by Kanto Chemical Co., Inc., m-xylene, boiling
point: 139°C, molecular weight: 106, purity: 99.4%) were
weighed, and then heating was started while the flask was
purged with nitrogen. While the temperature inside the
system was maintained in a temperature range of 90°C to 100°C,
the reaction mixture was stirred for 6 hours. The reaction
mixture was cooled to room temperature, and then the system
was neutralized by slowly adding 150 parts by mass of a 20
mass% sodium hydroxide solution thereto. To this reaction
system, 839 parts by mass of phenol, and 338 parts by mass
cf a,a'-dichloro-p=~xylene were added, and the mixture was

heated while the reaction system was purged with nitrogen and




Epoxy resin 5 Epoxy resin 6 Epoxy resin 7 Epoxy

resin 8
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stirred. While the temperature inside the system was
naintained in the range of 110°C to 120°C, the reactionmixture
was allowed to react for 5 hours. The hydrochloric acid gas
generated in the system as a result of the reaction described
above was discharged out of the system by means of a nitrogen
gas stream. After completion of the reaction, unreacted
components and water were distilled off under reduced pressure
conditions at 150°C and 2 mmHg. Subsequently, 200 parts by
mass of toluene was added to the system to uniformly dissolve
the system, and then the soclution was transferred intoc a
separatory funnel. An operation (water washing) of adding
150 parts by mass of distilled water, shaking the separatory
funnel, and then discarding the aqueous layer was repeated
until the washing water became neutral. Subsequently,
volatile components such as toluene and residual unreacted
components were distilled off from the 0il layver under reduced
pressure conditions at 125°C and 2 mmHg. Thus, a phenolic
resin-based curing agent 5 represented by formula {12)
(hydroxyl group equivalent: 175 g/eq, softening point: 64°C,
ICI viscosity at 150°C: 0.40 dPa-s; a mixture of polymers in
which p in formula (12) represents an integer from 0 to 20,
g represents an integer from 0 to 20, and r represents an
integer from 0 to 20, while the average values of p, g and
r are 1.8, 0.3, and 0.6, respectively. Furthermore, in the
formula (12), the left terminal of the molecule is a hydrogen
atom, and the right terminal is a phenol structure or a xylene

structure) was obtained.




Phenol i c resin-based curing agent 4 3.53 3.1 Phenolic

resi n-based curing agent 7 4.5 Phenol i ¢ resin-based curing
agent 8 5.75
66
OH OH 1 OH 1
cH,—(O)—cH, CH, 7@\—0[12 CH, T (12
H,C CH,

=] a r

[0116]
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Phenolic resin-based curing agent 6: In a separable
flask equipped with a stirring device, a thermometer, a reflux
cooler, and a nitrogen inlet port, 100 parts by mass of
1, 6-naphthalenediol (manufactured by Tokyo Chemical Industry
Co., Ltd., melting point: 136°C, molecular weight: 160.2,
purity: 99.5%), 31.5 parts by mass of
4,4'-bischloromethylbiphenyl (manufactured by Wako Pure
Chemical Industries, Ltd., purity: 97.5%, molecular weight:
251), and 0.6 parts by mass of pure water were weighed, and
then the mixture was heated while the system was purged with
nitrogen. Upon the initiation of melting, stirring was
started. While the temperature inside the system was
maintained in the range of 150°C to 160°C, the system was
allowed to react for 2 hours. During the reaction described
above, the hydrochloric acid generated in the system as a
result of the reaction was discharged out of the system by
means of a nitrogen gas stream. After completion of the
reaction, residual hydrochloric acid and water were distilled
off under reduced pressure conditions at 150°C and 2 mmHg.
Thus, a phenolic resin-based curing agent 6 represented by
formula (13) (hydroxyl group equivalent: 102 g/eq, softening
point: 75°C, ICI wviscosity at 150°C: 1.15 dPa-s, content

proportion of u=0 calculated by the GPC area method: 51%,




Phenol i ¢ resin-based curing agent 9 3. 63 Phenol i ¢ resin-based
curing agent 6 3.73 Phenolic resin-based curing agent 2
0. 78 Phenolic resin-based curing agent 5
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content proportion of u=0 to 2: 95%, average value of u: 0.72)

was obtained.

OH
S N
Ge —CH20H2 == H (13)
HO

f0117]

The ICI viscosities of the epoxy resins 1 to 3 and the
phenolic resin-based curing agents 1 to 6 were measured by
using an ICI cone-plate viscometer manufactured by MST
Engineering, Ltd.

[0118]

As the inorganic filler material (C), a blend (inorganic
filler material 1) of 87.7% by mass of fused spherical silica
FB560 (average particle size: 30 pm) manufactured by Denki
Kagaku Kogyo K.K., 5.7% by mass of synthetic spherical silica
50-C2 (average particle size: 0.5 pm) manufactured by
Admatechs Co., Ltd., and 6.6% by mass of synthetic spherical
silica SO-C5 (average particle size: 30 um) manufactured by
Admatechs Co., Ltd., was used.

[0119]

As the curing accelerator (D), curing accelerators 1 and
2 shown below were used.

Curing accelerator 1: Curing accelerator represented by

formula (14)




Phenol i ¢ resin-based curing agent 3

I I norganic filler 1 86.5

86.5 86.5 86.5 86.5 86.5 Curing
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@ 0 HO

Ph,P (14)
HO HO

[0120]
Curing accelerator 2: Curing accelerator represented by

formula (15}

Ph “:O @ O:. (15)

[0121]

As the coupling agent (F)}, silane coupling agents 1 to
3 shown below were used.

Silane coupling agent 1:
y-mercaptopropyltrimethoxysilane (manufactured by Shin-Etsu
Chemical Co., Ltd., KBM-803)

Silane coupling agent 2:
y-glycidoxypropyltrimethoxysilane {manufactured by
Shin-Etsu Chemical Co., Ltd., KBM-403)

Silane coupling agent 3:
N-phenyl-3-aminopropyltrimethoxysilane (manufactured by
Shin-Etsu Chemical Co., Ltd., KBM=-573)

[0122]
As the inorganic flame retardant (G), aluminum hydroxide

(manufactured by Sumitomo Chemical Co., Ltd., CL-303) was



accelerator 1 0.4 0.4 0.4 0.4 0.4 0.4 Curing accel erator 2
Si | ane coupling agent 1 0.1 0.1
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used.
[0123]

As the colorant, carbon black (MA600) manufactured by
Mitsubishi Chemical Corp. was used.

As the releasing agent, carnauba wax (NIKKO CARNAUBA,
melting point: 83°C) manufactured by Nikko Fine Products Co.,
Ltd. was used.

[0124]

(Example 1)

The following components were mixed in a mixer at normal
temperature, and melt kneading was carried out using a heated
roll at 80°C to 100°C. Thereafter, the kneading product was
cooled and then pulverized, and thus a resin composition was
obtained.

Epoxy resin 1 8.83 parts by mass

Phenolic resin-~based curing agent 1

3.67 parts by mass

Inorganic fiiller material 1 86.5 parts by mass
Curing accelerator 1 0.4 parts by mass
Silane coupling agent 1 6.1 parts by mass
Silane coupling agent 2 0.05 parts by mass
Silane coupling agent 3 0.05 parts by mass
Carbon black 0.3 parts by mass
Carnauba wax 0.1 parts by mass

The resin composition thus obtained was evaluated for
the following items. The evaluation results are presented

in Table 1.




0.1 0.2 0.1 0.1 Silane coupling agent 2 0.05 0.05 0.05 0.05
0.05 0.05 89 [Table 5 continued] Silane coupling 3 ,agent 0.05 0.05

0. 05

10

15

20

25

70
[0125]

Evaluation items

Spiral flow: The resin composition for semiconductor
encapsulation obtained as described above was injected into
a mold for spiral flow measurement according to EMMI-1-66
under the conditions of 175°C, an injection pressure of 6,9
MPa, and a pressure dwell of 120 seconds, using a low pressure
transfer molding machine (manufactured by Kohtaki Precision
Machine Co., Ltd., KTS-15), and the flow length was measured.
The spiral flow is a parameter of fluidity, and a larger value
represents satisfactory fluidity. The unit is cm. The resin
composition obtained in Example 1 exhibited 75 cm.

[Cl26]

Ceontinucus moldability: 7.5 g of the resin composition
obtained as described above was charged into the tabletting
mold having a size of & 16 mm in a rotary tabletting machine,
and tabletting was performed at a tabletting pressure of 600
Pa. Thus, tablets were obtained. The tablets were charged
in a tablet supply magazine, and the magazine was placed in
the inside of a molding apparatus. A molding process of
obtaining a semiconductor device of 208-pin QFP (a lead frame
made of Cu, outer dimension of package: 28 mm x 28 mm x 3.2
mm thick, pad size: 15.5 mm x 15.5 mm, chip size: 15.0 mm x
15.0 mm x Q.35 mm thick) by encapsulating a silicon chip or
the like by means of the tablets of the resin composition under
the conditions of a mold temperature of 175°C, an injection

pressure of 9.8 MPa, and a curing time of 60 seconds, using




0.05 0.05 0.05 Alum num i Hydroxide Carbon black 0.3 0.3 0.3
0.3 0.30.3i ICarnauba wax 0.1 0.1 0.1 0.1 0.1
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a low Dpressure automatic transfer molding machine
(manufactured by Scinex Corp., SY-COMP), was carried out
continuously up to 300 shots. At this time, the molding state
(presence or absence of non-filling) of the semiconductor
device was confirmed after every 25 shots, and a resin
composition with which the continuous molding process was
enabled for 500 shots or more was rated as ©; a resin
composition with which the continuous melding process was
enabled for egqual to or more than 300 shots and fewer than
500 shots was rated as A; and a resin composition with which
the continuous molding process was enabled for fewer than 300
shots was rated as x. The resin composition obtained in
Example 1 enabled the continuous molding process for 500 shots
or more and exhibited satisfactory continuous moldability.
[0227]

Adherence test: A resin composition thus obtained was
tabletted at a tabletting pressure of 600 Pa using a powder
molding press machine (manufactured by Tamagawa Machinery Co.,
Ltd., 5-20-A) by adjusting the conditions to a mass of 15 g
and a size of ¢ 18 mm x height of about 30 mm, and tablets
were obtained. 1In order to perform continuous molding, a
tablet supply magazine charged with the tablets thus obtained
was mounted inside the molding apparatus, but the tablets in
the magazine mounted in the molding apparatus were in a standby
status inside the magazine of the molding apparatus until the
tablets were actually used in molding, and up to 13 tablets

were in a state of being vertically stacked at a surface




0.1 1
(sec)
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temperature of about 35°C. For the supply and conveyance of
the tablets inside the molding apparatus, when a push-up pin
is elevated from the lowermost part of the magazine, the
uppermost tablet is pushed out from the upper part of the
magazine, lifted by a mechanical arm, and conveyed to a pot
for transfer molding. At this time, if the tablets adhere
in the up and down directions while waiting in the magazine,
conveyance failure occurs.

[0128]

As this adherence test, 13 molded tablets are vertically
stacked in the magazine and are left to stand at 35°C for 8
hours, and then the state of adherence is confirmed. A case
where the tablets were not adhering was rated as o; a case
where slight adherence occurred but the tablets were easily
detached was rated as A; and a case where the tablets simply
did not come off was rated as x. The epoxy resin composition
obtained in Example 1 does not exhibit adherence between the
tablets, and continuous molding may be easily carried out.
If such adherence of tablets occurs, an accurate number of
tablets may not be conveyed in an encapsulation molding
process for semiconductor devices, and this causes equipment
stoppage.

[0129]

Flame resistance: A resin composition for semiconductor
encapsulation was injection molded using a low pressure
transfer molding machine (manufactured by Kohtaki Precision

Machine Co., Ltd., KTS-30) under the conditions of a mold




V-0 | "Water absorption i irate(% 0.249 0.221 0.186 0.232 0.224
0.227 1Continuous 1 noldability o o o o o o Solder resistance test 1
(nunber of defective devices anong n = 6) Sol der resistance test 2
(nunber of defective devices anobng n = 6)30/6 0/6 0/6 0/6 0/6 0/6
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temperature of 175°C, an injection time of 15 seconds, a curing
time of 120 seconds, and an injection pressure of 9.8 MPa.
Thus, a flame resistant specimen having a thickness of 3.2
mm was produced and heat treated at 175°C for 4 hours. The
specimen thus obtained was subjected to a flame resistance
test according to the standards of the UL94 vertical method.
The flame resistance ranks after judgment are indicated in
the table. The resin composition for semiconductor
encapsulation obtained in Example 1 exhibited satisfactory
flame resistance with Fmax: 4 seconds, IF: 11 seconds, and
flame resistance rank: V-0.

[0130]

Solder resistance test i: A lead frame mounted with a
semiconductor element (silicon chip} or the like was
encapsulated by injecting a resin composition for
semiconductor encapsulation, using a low pressure transfer
molding machine (manufactured by Dai-ichi Seiko Co., Ltd.,
GP-ELF) under the conditions of a mold temperature of 180°C,
an injection pressure of 7.4 MPa, and a curing time of 120
seconds. Thus, 80pQFP semiconductor devices (Quad Flat
Package, a lead frame made of Cu oxide spoi, size: 14 x 20
mm * thickness 2.00 mm, semiconductor element: 7 = 7 mm x
thickness 0.35 mm; the semiconductor element is bonded to the
inner lead section of the lead frame with a gold wire having
a diameter of 25 um) were produced. Six semiconductor devices
that had been heat treated at 175°C for 4 hours were treated

for 192 hours at 30°C and a relative humidity of 60%, and then




0/6 0/6 0/6 0/6 0/6 0/6 H gh tenmperature storage characteristics
(HTSL) 0/10 o 0/10 o 0/10 o 0/10 o0 0/10 o0 0/10 o 90 [0154] [Table

6]
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an IR reflow treatment (260°C, according to JEDEC Level 3
conditions) was carried out. The presence or absence of
peeling and cracking in the interior of these semiconductor
devices was observed with an ultrasonic reflectoscope
(manufactured by Hitachi Construction Machinery Co., Ltd.,
MI-SCOPE 10), and a semiconductor device in which any one of
peeling and cracking had occurred was considered to be
defective. When the number of defective semiconductor
devices was n, it was indicated as n/6. The semiconductor
devices obtained in Example 1 resulted in a number of 0/6,
and exhibited satisfactory reliability.

[0131]

Solder resistance test 2: A test was carried out in the
same manner as in the solder resistance test 1, except that
six semiconductor devices that had been heat treated at 175°C
for 4 hours in the solder resistance test 1 described above
were treated for 96 hours at 30°C and a relative humidity of
60%. The semiconductor devices obtained in Example 1
resulted in a number of 0/6, and exhibited satisfactory
reliability.
f0132]

High temperature storage characteristics: A lead frame
mounted with a semiconductor element (silicon chip) or the
like was encapsulated by injecting a resin composition for
semiconductor encapsulation using & low pressure transfer
molding machine (manufactured by Dai-ichi Seiko Co., Ltd.,

GP-ELF} under the conditions of a mold ftemperature of 180°C,
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an injection pressure of 6.9 £ 0.17 MPa, for 90 seconds. Thus,
l6-pin type DIP semiconductor devices (Dual Inline Package,
a lead frame made of 42 alloy, size: 7mm x 11.5 mm x thickness
1.8 mm, semicenductor element: 5 x 9 mm x thickness 0.35 mm;
the semiconductor element has an oxide layer having a
thickness of 5 um formed on the surface, and a line-and-space
aluminum wiring pattern with a line width of 10 um further
formed on the oxide layer, and the aluminum wiring pad unit
on the element and the lead frame pad unit are bonded with
a gold wire having a diameter of 25 um) were produced. The
initial resistance values of ten semiconductor devices that
had been heat treated at 175°C for 4 hours as a post-cure were
measured, and the semiconductor devices were subjected to a
high temperature storage treatment at 185°C for 1000 hours.
After the high temperature treatment, the resistance values
of the semiconductor devices were measured. A semiconductor
device which had an initial resistance value of 130% or higher
was considered to be defective, and a case where the number
of defective semiconductor devices was 0 was indicated as o,
while a case where the number of defective semiconductor
devices was 1 to 10 was indicated as x. The semiconductor
devices obtained in Example 1 resulted in a number of 0/10,
and exhibited satisfactory reliability.
[0133]

Examples 2 to 12 and Comparative Examples 1 to 4

Resin compositions for semiconductor encapsulation

were prepared in the same manner as in Example 1, according




Epoxy resin 7 Epoxy resin 8 1.81 Phenol i c 1
resin-based curing agent 4 3.14
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to the formulations indicated in Table 2, Table 3 and Table
4, and the resin compositions were evaluated in the same manner
as in Example 1. The evaluation results are presented in

Table 2, Table 3 and Table 4.
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[Table 2]

Phenol i c resin-based curing agent 8

11

Examples

Epoxy resin 1

Epoxy resin 3

Phenolic resin-based

curing agent 1

Pheneclic resin-based

curing agent 2

Phenolic resin-based

curing agent 3

Phenolic resin-based

curing agent 4

Phenolic resin-based
curing agent 5

Phenolic resin-based

curing agent 6

Inorganic filler 1

Curing accelerator 1

Curing accelerator 2

Silane coupling agent 1

Silane coupling agent 3

Aluminum hydroxide

Carbon black

Carnauba wax

Spiral flow (cm)

Continuous moldability

Resistance to adherence

Flame resistance class

Solder resistance test 1
(number of defective
devices among n = 6)
Solder resistance test 2
{number of defective

devices among n = §)

High temperature storage

characteristics {HTSIL)
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curing agent 6 1 "l
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[0134]

[Table 3]

Examples

Epoxy resin 1 8.07 8.83 g8.83 8.83

Epoxy resin 3

Phenolic resin-«based

curing agent 1

Phenclic resin-based

curing agent 2

Phenclic resin-based

curing agent 3

Phenolic resin-based

curing agent 4

Phenolic resin-based
curing agent 5 i

Phenolic resin-based

curing agent 6

Inorganic filler 1 B6.5 86.5 86.5 86.5 B6.5 84.5

Curing accelerator 1 0.4 0.4 0.4 0.4 0.4

Curing accelerator 2 0.4

Silane coupling agent 1 0.1 0.1 c.1 0.1 0.1 0.1

Silane coupling agent 3 0.05 0.05 0.05 0.05 0.05 0.05

Aluminum hydroxide 2
Carbon black c.3 0.3 0.3 0.3 0.3 0.2
Carnauba wax c.1 0.1 0.1 0.1 0.1 0.1

Spiral flow (cm) 18 74 77 72 80 76

Continuous moldability o o o o o o

Resistance to adherence o o] [ [+ o o]

Flame resistance class V-0 V-0 V-0 V-0 V-0 V-0

Solder resistance test 1
(number of defective 0/6 0/6 0/% 0/6 0/6 0/6
deviges among n = €) L Lol
Solder resistance test 2
{number of defective /6 0/6 0/6 G/e 0/6 0/6

devices among n = 6)

High temperature storage| 0/10 0/10 0/10 0/10 0/10 0/10

characteristics (HTSL) o o o o o o




[0135]

[Table 4]

Phenol i c

Phenol i ¢ resin-based curing agent 2
curing agent 5 0.79

1

Phenol i ¢ resi n-based

79

Comparativ

e Examples

Epoxy resin 1

Epoxy resin 3

Phenolic¢ resin-based

curing agent 1

Phenolic resin-based

curing agent 2

Phenolic resin-based

curing agent 3

Phenclic resin-based

curing agent 4

Phenolic resin-based
curing agent 5

Phenolic resin-based

curing agent 6

Inorganic filler 1

Curing accelerator 1

Curing accelerator 2

Silane coupling agent 1

Silane coupling agent 3

Aluminum hydroxide

Carbon black

Carnauba wax

Spiral flow (cm)

Continuous moldability

Resistance to adherence

Flame resistance class

Sclder resistance test 1

(numbex of defective

devices among n

Solder resistance test 2
{number c¢f defective

&)

devices among n

High temperature storage

characteristics {HTSL)

[0136]




1 resin-based curing agent 3 0.81 1 Inorganic filler 1 86.5
86.5 86.5 86.5 86.5 84.5 Curing 1 accelerator 1 0.4 0.4

10

15

20

25

80

Examples 1 to 12 were resin compositions containing an
epoxy resin (A-1) represented by the formula (1), a phenolic
resin-based curing agent (B), and an inorganic filler material
(C), and included resin compositions in which the molecular
weight distribution of the epoxy resin (A-1) was changed; the
type of the phenolic resin (B) was changed; two kinds of
phenolic resins (B) were used in combinaticn; the type of the
curing accelerator (D) was changed; or an inorganic flame
retardant {G) was added. However, in all of these resin
compositions, results with an excellent balance among
fluidity (spiral flow), continuocus moldability, resistance
to adherence, flame resistance, resistance to solder, and high
temperature storage characteristics were obtained.

([0137]

On the other hand, in Comparative Examples 1 to 4 that
used the phenolphthalein type epoxy resin 3, which was
different from the epoxy resin (A-1) represented by the
formula (1), the resin compositions were affected by the
combined phenolic resin-based curing agent, and resulted in
deterioration of at least any one of continuous moldability,
resistance to adherence, resistance to solder, and high
temperature storage characteristics. In Comparative
Examples 2 and 3 that used the phenolic resin-based curing
agents 2 and 3 having relatively low softening points,
adherence between tablets easily occurred in the adherence
test, and since these curing agents have low curability,

results with poor continuous moldability were obtained. Even
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in Comparative Example 4 that used the triphenolmethane type
phenolic resin-based curing agent 4 having a high softening
point and excellent curability and heat resistance, the high
temperature storage characteristics were good, but the
results were not as satisfactory as the results of the Examples
in terms of the continuous moldability, resistance to
adherence, and resistance to solder.

[0138]

According to the results described above, only in the
resin compcesitions that used the epoxy resin (A-1) of the
present invention, results with an excellent balance among
fluidity (spiral flow), continuous moldability, resistance
to adherence, flame resistance, resistance to solder, and high
temperature storage characteristics were obtained, even
under the combination with wvarious phenolic resin-based
curing agents. Thus, when compared with the resin
compositions that used phenolphthalein type epoxy resins
which are different from the epoxy resin (A-1) represented
by the formula (1), the Examples provide remarkable effects
that surpass the extent that may be predicted or expected.
[0139]

In the following Examples 13 to 24 and Comparative
Examples 5to 10, resin compositions containing the components
indicated in Tables 5 to 7 in predetermined amounts of
incorporation were prepared, and the resin compositions were
evaluated in terms of the spiral flow, flame resistance, water

absorption rate, continuous moldability, resistance to
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solder, and high temperature storage characteristics.
[0140]

As the epoxy resin, the following epoxy resins 4 to 8
were used.

Among these, epoxy resin 4 corresponds to the epoxy resin
(A-1).
(0141]

Epoxy resin 4:

In a separable flask equipped with a stirring device,
a thermometer, a refiux cooler, and a nitrogen inlet port,
160 parts by mass of phenolphthalein (manufactured by Tokyo
Chemical Industry Co., Ltd.), and 350 parts by mass of
epichlorohydrin {(manufactured by Tokyo Chemical Industry Co.,
Ltd.) were weighed, and the mixture was dissolved by heating
to 90°C. Subsequently, 50 parts by mass of sodium hydroxide
(solid fine particulate form, 99% purity reagent) was slowly
added thereto over 4 hours, and the resulting mixture was
heated to 100°C and allowed to react for 2 hours. At the time
point when the color of the solution turned yellow, the
reaction was terminated. After the reaction, an operation
(water washing) of adding 150 parts bymass of distilled water,
shaking the reaction mixture, and then discarding the aqueous
layer was repeatedly carried out until the washing water
became neutral. Subsequently, epichlorochydrinwas distilled
off from the cil layer under reduced pressure conditions of
125°C and 2 mmHg. The solid thus obtained was dissolved by

adding 250 parts by mass of methyl isobutyl ketocne, and the




2 Carbon black 0.3 0.3 0.3 0.3 0.3 0.3 Carnauba wax 0.1 0.1 0.1 0.1
0.1 0.1 Spiral flowmcm 92 88 8183 82 79 Flame resistance test SF

(sec)

9

10

15

20

Fl ane resi stance test Fmax (sec) 8§Iane resi stance test class

solution was heated to 70°C. 13 parts by mass of a 30 mass%
agueous solution of sodium hydroxide was added thereto over
one hour, and the mixture was allowed to react for anocther
one hour. The reaction mixture was left to stand, and the
aqueous layer was discarded. 150 parts by mass of distilled
water was added to the oil layer to carry out a water washing
operation, and the same water washing operation was repeated
until the washing water became neutral. Subsequently, methyl
isobutyl ketone was distilled off by heating under reduced
pressure. Thus, an epoxy resin 4 containing a compound
represented by the formula (11) (epoxy equivalent: 235 g/eq,
softening point: 67°C, ICI viscosity at 150°C: 1.1 dPa-sec)
was obtained. The GPC chart of the epoxy resin 4 is presented
in Fig. 6. From the GPC results, it was confirmed that in
the compound represented by the formula (11), a n=0 component
is contained at a proportion of 86% by area, and a n=1 component,
a n=2 component, and other side products are contained at a

proportion of 14% by area in total.

[0142]

Epoxy resin 5: Triphenolmethane type epoxy resin
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(manufactured by Mitsubishi Chemical Corp., E-1032H60,
hydroxyl group equivalent: 171 g/eq, softening point: 59°C,
ICTI viscosity at 150°C: 1.30 dPa-sec)

[0143]

Epcxy resin 6: Ortho-cresol-novolac type epoxy resin
(manufactured by DIC Corp., EPLICLON N660, hydroxyl group
egquivalent: 210 g/eqg, softening point: 62°C, ICI viscosity
at 150°C: 2.34 dPa-secg)

[0144]

Epoxy resin 7: Phenol-aralkyl type epoxy resin having
a phenylene skeleton (manufactured by Nippon Kayaku Co., Ltd.,
NC-2000, hydroxyl group equivalent: 238 g/eq, softening
point: 52°C, ICI wviscosity at 150°C: 1.2 dPa-sec)

[6145]

Epoxy resin 8: Phenol-aralkyl type epoxy resin having
a biphenylene skeleton (manufactured by Nippon Kayaku Co.,
Ltd., NC-3000, hydroxyl group equivalent: 276 g/eq, softening
point: 57°C, ICI wviscosity at 150°C: 1.11 dPa-sec)

(0146]

The GPC analysis of the epoxy resin 4 was carried out
under the following conditions. 20 mg of a sample of the epoxy
resin 4 was sufficiently dissolved by adding 6 ml of soclvent
tetrahydrofuran (THF), and the solution was submitted to the
GPC analysis. A GPC system in which Module W2695 manufactured
by Waters Corp., TSK GUARDCOLUMN HHR~L (diameter: 6.0 mm, pipe
length: 40 mm, a guard column) manufactured by Tosoh Corp.,

two TSK-GEL GMHHR-L (diameter: 7.8 mm, pipe length: 30 mm,
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a polystyrene gel column) manufactured by Tosoh Corp., and

a differential refractive index (RI) detector W2414

manufactured by Waters Corp. were connected in series was used.

The flow rate of the pump was 0.5 ml/min, the temperature in
the columns and the differentiazl refractive index detector
was set to 40°C, and an analysis was carried out by injecting
a measurement solution using a 100-pul injector.

[0147]

As the phenolic resin as the curing agent (B), phenolic
resins 2 to 9 were used. Phenolic resins 2 to 6 were the same
as described above.

Among these, the phenolic resin-based curing agents 4
and 9 correspond to the phenclic resin {(B-1), while the
phenclic resin-based curing agents 6, 7 and 8 correspond to
the naphthol resin (B-2).

[0148]

Phenolic resin-based curing agent 7: A copolymer type
resin of a naphthol-novolac resin and a cresol-novolac resin
(KAYAHARED CBN manufactured by Nippon Kayaku Co., Ltd.,
hydroxyl group equivalent: 139 g/eq, softening point: 90°C,
ICI viscosity at 150°C: 1.65 dPa-sec)

[0149]

Phenolic resin-based curing agent 8: A naphthol-aralkyl
type phenolic resin having a phenylene skeleton (SN-485
manufactured by Tohto Kasei Co., Ltd., hydroxyl group
equivalent: 210 g/eq, softening point: 87°C, ICI viscosity

at 150°C: 1.78 dPa-sec)
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[0150]

Phenolic resin-based curing agent 9: A copolymer type
phenclic resin of a triphenolmethane type resin and a
phencl-novelac resin (HES10-20 manufactured by Air Water,
Inc., hydroxyl group eguivalent: 101 g/eq, softening point:
88°C, ICI viscosity at 150°C: 1.5 dPa-sec)

[01511

(Example 13)

The following components were mixed in a mixer at normal
temperature, and the mixture was melt kneaded with a heated
roll at 80°C to 100°C. Subsequently, the kneading product
was cooled and pulverized, and thus a resin composition for
semiconductor encapsulation was obtained.

Epoxy resin 4 8.97 parts by mass

Phenolic resin-based curing agent 4

3.53 parts by mass

Inorganic filler material 1 86.5 parts by mass
Curing accelerator 1 0.4 parts by mass
Silane coupling agent 1 0.1 parts by mass
Silane coupling agent 2 0.05 parts by mass
Silane coupling agent 3 0.05 parts by mass
Carbon black 0.3 parts by mass
Carnauba wax 0.1 parts by mass

The resin composition for semiconductor encapsulation
thus obtained was evaluated for spiral flow, flame resistance,
water absorption rate, continuous moldability, resistance to

solder, and high temperature storage characteristics. The
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methods for evaluating the spiral flow, flame resistance,
continuous moldability, resistance to solder, and high
temperature storage characteristics are the same as described
above. The evaluation results are presented in Table 5.
(0152]

Boiling water absorption rate: A disc-shaped specimen
having a diameter of 50 mm and a thickness of 3 mm was formed
using a low pressure transfer molding machine (manufactured
by Kohtaki Precision Machine Co., Ltd., KTS8-30) at a mold
temperature of 175°C, an injection pressure of 9.8 MPa, and
a curing time of 120 s, and the specimen was heat treated at
175°C for 4 hours. The mass change between the mass before
the moisture absorption treatment of the specimen and the mass
after a boiling water treatment in pure water for 24 hours
was measured, and the water absorption rate of the specimen
was calculated in percentage. The unit is mass%. The resin
composition for semiconductor encapsulation obtained in
Example 1 exhibited standard water absorption such as 0.249
massd.

[0153]

Examples 14 to 24 and Comparative Examples 5 to 10

Resin compositions for semiconductor encapsulation
were prepared in the same manner as in Example 13 according
to the formulations indicated in Table 5, Table 6 and Table
7, and the resin compositions were evaluated in the same manner
as in Example 13. The evaluation results are presented in

Table 5, Table 6 and Table 7.
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[Table 5]

88

Example
14

Example

15

Example

16

resin

resin

Phenolic
resin-based
guring agemt 4
Phenolic
resin-based
curing agent 7
Phenolic
resin-based
curing agent 8
Phenolic
resin-based
curing agent $
Phenolic
resin-based
curing agemt &
Phenclic
resin-based
curing agent 2
Phenolic
resin-based
curing agent 5
Phenolic
resin-based

curing agent 3

Incrganic filler 1

Curing
gggg}erator 1

Curing

accelerator 2

Silane coupling




Phenol i ¢ resin-based curing agent 6 Phenol i ¢ resin-based curing
agent 2 5.03 Phenolic resin-based curing agent 5
Phenol i ¢ resin-based curing agent 3 -

[Teble 5 continued]

Silane coupling

agent 3

Aluminum
hydrexide
Carbon black 0.3 0.3 0.3 0.3 C.3 0.3

Carnauba wax 0.1 0.1 0.1 0.1 0.1 0.1

Spiral flow (cm)} 78 20 17 85 58 g0

Flame resistance

test ZF {sec)

Flame resistance
test Fmax (sec)

Flame resistance

test class

Water absorption
0.249 0.221 0.186 C.232 0.224 Q.227
rate (%)

Continuous

moldability

Solder resistance
test 1 (number of

defective devices

Solder resistance
test 2 {(number of
0/6 0/6 0/6 0/6 0/86 0/6
defective devices
among n = 6}

High temperature 0/10 0/190 0/10 0/190 0/10 0/1¢

storage

characteristics o} fa} o a o] 0

(HTSL)
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[Table 6]

er

20

1 86.5 86.5 86.5 86.5 86.5 86.5 Curing

Exanple
20

Example

22

Phenolic
resin-based
curing agent 4
Phenolic
resin-based
curing agent 7
Phencolic
resin-based
curing agent 8
Phenolic
resin-based
curing agent 9
Phenolic
resin-based
curing agent 6
Phenolic
resin-based
curing agent 2
Phenolic
resin-based
curing agent 5
Phenolic
resin-based

curing agent 3

Inorganic £filler 1

Curing

accelerator 1

accelerator 2

S5ilane coupling




accelerator 1 0.4 0.4 0.4 0.4 0.4 0.4 Curing accel erator 2
Si | ane coupling agent 1 0.1 0.10.10.1
21
[Table 6 continued]

Silane coupling

agent 3

Aluminum
hydroxide
Carbon black 0.3 0.3 0.3 0.3 0.3 0.3
Carnauba wax 0.1 0.1 0.1 0.1 G.1 0.1

Spiral flow {cm) 92 88 81 83 g2 79

Fiame resistance
Flame resistance
test Fmax (sec)

Flame resistance

test class

Water absorption
0.211 0.187 0.258 0.204 0.245 0.262
rate (%)

Continuous

moldability

Solder resistance
test 1 (number of
defective devices
Solder resistance
test 2 (number of
0/6 0/6 0/86 /6 0/6 0/6
defective devices
among n = 6)

High temperature 0/10 0/10 0/10 c/10 0/10C 0/10

storage
characteristics o Q o} o} o o

(HTSL)
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[Table 7]

92

Comparative

Example 5

Comparative

Example 6

Comparative

Example 7

Comparative

Example 8

Comparative

Example 9

Comparative

Example 10

resin

Epoxy resin

Phenolic
resin-based
curing agent 4
Phenolic
resin-based
curing agent 7
Phenolic
resin~based
curing agent 8
Fhenclic
resin-based
curing agent 9
Phenolic
resin-based
curing agent 6
Phenolic
resin-based
curing agent 2
Phenolic
resin-based
curing agent 5
Phenclic

resin-based

curing agent

Inorganic

filler 1

86 .

86.

86.

Curing
Eggg}erator 1

Curing

accelerator 2

Silane coupling




Carbon black 0.3 0.3 0.3 0.3 0.3 0.3 Carnauba wax 0.1 0.1 0.1 0.1 0.1
0.1 Spiral flow (cm) 32 52 83 77 96 90 Flame resistance test EF(sec)
Fl ane resi stance test Fmax(sec) Fl ane

[Table 7 continued]

Silane coupling

agent 3

Aluminum

hydroxide

Carbon black 0.3 0.3 0.3 0.3 G.3 0.3

Carnauba wax G.1 0.1 6.1 0.1 G.1 0.1

Spiral filow {cm) 32 52 83 77 96 90

Flame
resistance test 300 150 150 11 34 1

ZF (sec)

Totally Totally Totally
resistance test V-1 V-0 V-0
burnt burnt burnt
class

Water
absorption rate 0.32 0.266 0.21 0.199 0.168 0.076

(%)

Continuous

moldability

Solder
resistance test
1 {(number of
6/6 6/6 4/10 2710 0/6 G/6
defective
devices among n
Solder
resistance test
2 (number of
4/6 3/6 0/1¢ 0/10 0/6 o/6
defective

devices among n

=6)

High g/10 0/19 3/190 3/10 18/10 8/10
temperature
storage

characteristics

(ETSL)




resi stance test class 300 30 Totally burnt 150 30 Totally burnt 150
30 Totally burnt 41 18 V-1 34 10 V-0 1 V-0 Water absorption rate (%
0.32 0.266 0.21 o4

[0156]

Examples 13 to 24 were resin compositions containing an
epoxy resin (A-1} represented by the formula (1), a phenolic
resin (B-1) having a repeating unit structure containing two

5 phenol skeletons or a naphthol resin (B-2) having a
hydroxynaphthalene skeleton or a dihydroxynaphthalene
skeleton, and an inorganic filler material (C), and included
resin compositions in which an epoxy resin other than the epoxy
resin (A-1) was used in combination; the type of the phenolic

10 resin (B-1) or the naphtholic resin (B-2) was changed; a
phenolic resin-based curing agent other than the phenolic
resin (B-1) was used in combination; the type of the curing
accelerator (D) was changed; and an inorganic flame retardant
(G} was added. However, in all of these resin compositions,

15 resultswith anexcellent balance among fluidity (spiral flow),
flame resistance, water absorption, resistance to solder,
high temperature storage characteristics, and continuous
moldability were obtained.

[0157]

20 On the other hand, in Comparative Examples 5, 6, 7 and
8 in which a triphenolmethane type epoxy resin 5, an
ortho-cresol-novolac type epoxy resin 6, a phenol-aralkyl
type epoxy resin 7 having a phenylene skeleton, and a
phenol-aralkyl type epoxy resin 8 having a biphenylene

25 skeleton were used instead of the epoxy resin (A-1), and a
phencolic resin 4 was used as the phenolic resin (B-1), results

showed that a balance between high temperature storage
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characteristics and flame resistance could not be achieved.
Furthermore, Comparative Example 9 that used the
phenol-aralkyl type epoxy resin 7 having a phenylene skeleton
and the phenol-aralkyl type phenclic resin 2 having a
phenylene skeleton, and Comparative Example 10 that used a
phenol-aralkyl type epoxy resin 8 having a biphenylene
skeleton and a phenol-aralkyl type phenolic resin 3 having
a biphenylene skeleton, were combinations intended to acquire
high flame resistance and high resistance to soclder. However,
the resin compositions resulted in markedly poor high
temperature storage characteristics.

[0158]

According to the results described above, only in the
resin compositions that used the epoxy resin (A) and the curing
agent resin (B) of the present invention in combination,
results with an excellent balance among fluidity {spiral flow),
flame resistance, high temperature storage characteristics,
resistance to solder, and continuous moldability were
obtained. Thus, the Examples provide remarkable effects that
surpass the extent that may be expected.

[0159]

According to the present invention, since a resin
composition for semiconductor encapsulation which exhibits
flame resistance without using halogen compounds and antimony
compounds, and has an excellent balance among continuous
moldability, resistance to adherence, resistance to solder,

and high temperature storage characteristics at a level higher
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nol dability were obtained. [0157] 200n the other hand, in Conparative
Exanpl es Blgd TEmpel8tinewrstchr ager cphera et hahea csy pe e poxgu i.esidn

5, an ortho-cresol -novol ac type epoxy resin 6, a phenol-aral kyl type
epoxy resin 7 having a phenyl ene skel eton, and a




phenol - aral kyl type epoxy resin 8 having a bi phenyl ene 25 skel eton
were used instead of the epoxy resin (A-1), and a phenolic resin 4

was used as the phenolic resin (B-1), results showed that a bal ance

bet ween high tenperature storage 95 chaféacteristics and flane
resistanc% %@H%% not be achi eved. Furthernore, Conparative Exanmple 9
that used“t enol -aral kyl type epoxy resin 7 having a phenyl ene

skel eton and t he phenol -aral kyl type phenolic resin 2 having a 5

phenyl ene skel eton, and Conparative Exanple 10 that used a
phenol - aral kyl type epoxy resin 8 having a biphenyl ene skel eton and a
phenol - ar al'kyl £y @Sﬁﬂﬂ%#mB°?é§PﬁQ3@@@iﬁ@méQQ P EnBNSRE Bt bRt Lon,
were conbi nations i ntended to acquire high flame resistance and high
resi st anc &M@ Slot He¥ . APo®@RErY 19StRe (Pdsi i conposdt idsH  e$B) t e@nich an
mar kedl y poor high tenperature storage characteristics. [0158]

Accor di ngtPe Gtk ediilt ke dexrr ¢ hédlabbve, thalgpenytirsipesih) comprising
conposi tions that used the epoxy resin (A) and the curing 15 agent
resin (B)asf epvpresenn idvent i barkaseomsharyofiormesid t 1kt h an
excel l ent bal ance anong fluidity (spiral flow) , flane resistance,

high tenperature storage characteri/fStikeg) resistance to ol der, and
continuous noldability were obtaingd. ¥hus, the Exanpl es Yrovide

remar kabl e effectsgéﬂgttgog I pasy t hg ext ent 51aat 1)be expect ed.

[ 0159] Accor present NLnvent i W72 si nte ‘A resin

conposi tien for seny/SPnduct SE=gndapsul &t i on whreh exhi/gins | f | age

resi stance 't hoo {w ha arfe@podinds 0:-@ F@v cOhpounNds,
and has an excel | entbdl Rrfch_a DINY cont i Wuous NmlAAb 4 resi st akte
to adherence, resistance\fo soldqr, and high tenper¥ture sforage (1)
characteristics at p7eN_hi gher\ 96 than cg#f f"opal cases, may be
obt ai ned, the resi Iposttion i § suitable f phcapgul ati on of
sem conduct or devi g8 whith are used in el ectydai c{nstryhents that

are assuned to b ed oupyoors, arn 5 parth%§$arly ¥or the
encapsul ati on of ‘sem conduct or devi ces whic e used in €l ectronic

instrunments for vehicles where high tenperature storage

characteristicsyaeeei@qin’ €He £97PmGLAl ¥B) ,1RIALEETHIE GOMPASin O ESFbon
sem conduct or encapsul ati on, conprising an epoxy resin (A), a curing

agent (B)grang BAvENNAr88nECcd tbbara Bl ab (Ehrddi PR J S Parbon
(A) conprising an epoxy resin (A-1) represented by formula (1I):

10 group having 1 to & carbon atoms, or an aromatic hydrocarbon
group having 6 to 14 carbon atoms, while Rls and R2s may be
respectively identical with or different from each other; a
represents an integer from 0 to 4; b represents an integer
from 0 to 4; and n represents an integer of 0 or greater,

15 wherein the epoxy resin (A-1l) containing a component

represented by the formula (1) in which n 2 1, and a component

(al) represented by the formula (1) in which n = 0.
2. The resin composition for semiconductor encapsulation

20 according to claim 1,

wherein the epoxy resin (A-1) contains a component (a2)




wherein in the formula (1), Rl represents a hydrocarbon group having

1 to 6 carbon atons; R2 represents a hydrocarbon 10 group having 1 to

6 carbon atons, or an aromatic hydrocarbon group having 6 to 14

carbon atons, while Ris and R2s may be r&pectively identical with or
different from each atger; a rggres nts _an jnteger fromO to 4; b

repr esent $ SR G5RRGEF PromhiE P HUAAd (1 r eb? ¥BAEY &h T nteger of 0

or greater, 15 wherejn the epoxy resin (A-1) containing a conponent
represented by BHREFEIRIFANELIFY ATWHRRIFOMRONERG A2dorpBRENE €Caby FD-MS
represented by the fornmula (1) in which n = 0. 2. The resin
conposi ti 68 £EMadedioc SFdaEEst hddpsul 2t AN @ee br BPngrt beEFaFhpn, 90%
wherein the epoxy resin (A—li contains a conponent (a2) 98

r epr esent ¥d thy 1P ok ntiPad 1) ting Weiadks P £ ghe epoxy ggsdgk (A-1), and
intensity of the conponent (al) neasured by FD-MS is equal to or

great et t RaRe869%4 Bif@NSqUa alo tére s ehaRrt o088 Wi t B e@8péctoteragteater
t he peaks of the epoxy resin (A-1), and 5 a peak intensity of the
conponent tha?) 1iks ezpudl etvadr tgr eat eteshan hBdoHhd efbhl resmmct esg all
than 50% with respect to all the peaks of the epoxy resin (A-1).

3. The reshr ¢ERposi ¢fofihforemeny coadact orAehcapsul ati on 10 according
to claim 2, wherein the ratio P2/P1 of the peak intensity P2,

of the component (a2) to the peak intensity Pi, of the component (al)
as neasured by FD-M5 is equal to or higher than 0.1 and equal to or

| ess than31l. 0. 1be 4esThe aoegias toirpasifbiros efdre et capdueneapsulation
encapsul ati on according to claim1, wherein a peak area of the
conpdrient atabrdielattveclaitthe? t ot al peak area of the epoxy resin

(A-1) obtained by gel 20 perneation chromatography is equal to or
greater than 708hbyedmneahandaequalp,/@ 067l €58 pharn 9b%ehy iarea,, 8f the
The resin conposition for sem conductor encapsul ation according to
claiml, 2bwhemreidt qdX0 t\W seespb¥kat ntseE iafy tthe epoxye r@shpohbnt) (al)
is equal to or higher than 0.1 dPa.sec and equal to or |ower than 3.0

dPa. sec. a89mefsuthRl 186 IFD-GMPASidd i f1of SeHCPEHCEREN 0.1 and equal
encapsul ati on according to claim1, wherein a softening

poi nt at 4§50grofiddhe epaxyiresin 5(A-1) is equal to or higher than
55C and equal to or lower than 90C. 7. The resin conposition for

sem gagnduct or encapsul ati on

4, The resin composition for semiconductor encapsulation
according to claim 1,

wherein a peak area of the component (al} relative to

the total peak area of the epoxy resin (A-1) obtained by gel

20 permeation chromatography is equal to or greater than 70% by

area and equal to or less than 95% by area.

5. The resin composition for semiconductor encapsulation
according to claim 1,

25 wherein a ICI viscosity at 150°C of the epoxy resin (A-1)
is equal to or higher than 0.1 dPa-sec and equal to or lower

than 3.0 dPa-sec.




according to claim1, 10wherein an epoxy equival ent of the epoxy
resin (A-1l) is equal to or greater than 210 g/eq and equal to or |ess

than 250 g/ eq. 8. The resin conposition for sem conductor
encapsul ation 15 according to claiml1, 99 wherein the curing
agent (B) is a phenolic resin-based curing agent. 9. The resin

conposition for sem conductor encapsul ation 20 according to claim8,
wherein the pheEBIic resi n-based, curing agent includes at | east one

resin sel &cted frEm&SgronPUOMST 5EPAgTEE & FherorfRched gragpgulation
havi ng two or re phenolic skeletons, and a naphthol resin (B-2)
havi ng a ﬁﬁﬁ?ﬁggHa%hFﬂaF&ﬁ@J?SEskeleton or a di hydroxynapht hal ene
skel eton. 100 according to claim9, , wherein the phenolic .
resin-based cur VR§T&gdehte isRF teRdrgt Poddst dhel PBSFnodeltd@ P IFvnrasin
group consisting of a phenolic resin (bl) represented by fornmula (2):
oHoHOH  (fArl1. s g8yl teRRychigheyr than jhdFerAd eaufl fiop naif alower
(2), R3 represents a hydrocarbon group having 1 to 6 carbon atons or
an aronathaWy&HBﬂérbon group having 6 to 14 carbon atons, while R3s
may be identical with or different fromeach other; cl represents an
integer 10 fromO to 4; c2 represents an integer fromO to 3, while
cis and c2s may be respectively identical with or different from each
other; d repres€hesrgnimcegarosibvirlh forlGem saplestntrs earapdelerion
fromO to 10; and a structural unit represented by a repetition
nunber d amsdotrdel sy ruet glalimunit represented

10 wherein an epoxy equivalent of the epoxy resin (A-1) is

equal to or greater than 210 g/eqg and equal tc or less than

250 g/eq.

8. The resin composition for semiconductor encapsulation
15 according to claim 1,
wherein the curing agent (B) is a phenolic resin-based

curing agent.

9. The resin composition for semiconductor encapsulation
20 according to claim 8,
wherein the phenolic resin-based curing agent includes
at least one resin selected from a group consisting of a
phencolic resin (B-1) having two or more phenolic skeletons,
and a naphthol resin (B-2) having a hydroxynaphthalene

25 skeleton or a dihydroxynaphthalene skeleton.

10. The resin composition for semiconductor encapsulation




15 by the repetition nunber e may be respectively lined up in a row,
may be alternately arranged with each other, or nay be arranged
random y; a naphthol resin (b2) represented by formula (3): R4 101
wherein in the fornula (3), R4 represent®%a hydroxyl group or a

hydr ogen ato r epr nt.s a hydrocarbon group having 1 to 6 carbon
atoms, or “aif Q%Fgﬁﬁ? go $on group having 6 to 14 carbon atons,
whil e R4s and R5 be 5r ec jvely identical with or different
from each other"” %&ﬂ) NP hyAr ot at BoR Asl s HaVi g e Bpcludes
carbon atons,. or an aronmatic hydrocarbon group having 6 to, 14 carbon
atoms, whiite 15 P Be Tiedet | $8f SRIEER drE AT f # ePERUEF (R ehehisohat a
f represents an jnteger fromO to 3; g represents an integer 10 from

0 to 5 hPPERUSENt EEAN ritger T ®PrESERtRA handosTedeh | Adependent |y
represents an integer froml to 10, while m+ n > 2; and a structural
unit represent egHpy repetition numggr mand the struct nal unit
represented by fhe repetition nunber i \
in arow, my al fernately 15 arr
arranged ran but -CH2- is e
respective st es, andca*naph
formula (4); in i
hydr ocar bo{ra)coup havi ng
hydr ocar bon group havi ng
identical with or di\ffer

tmﬁ vmﬁgﬁgsrmy%e

om each ot ﬁ: represents an integer
fromO to 6; k2 repres s an iOHleger fvomO to 4, while kls 102 and
k2s nmay be respectivel &kntical with or different fromeach ot her;

S represents an integer fromO to 10; and t represents an integer of

1 or 2. 5 11. Theeredim icothesf biram Ifz0r( 236 MRG0 Rewaic e eNE ap Ut Bt d ©Arbon
according to claim 10, wherein the anmount of the at |east one
resin sel gebeg tromiidel group canbost e dheaphenohie iresividdtd rbon
t he naphthol resin (b2) and the naphthol resin (b3) is equal to 10 or
greater thanupOhparitrsy by t@as8 andbesualt duds OfwH £58 Ehamd: Cbé)aeresn@Ycal
mass relative to 100 parts by nass of the curing agent (B).

The resi nyeempesi qurféz%nﬁeﬂke&nd@@&prot&wﬁpsmai:ég&}e%%r?&éiomlﬂgtéeer
claim1l, wherein the anount of the inorganic | ler materi al

(O 9 eqeabnt 0 @b greaverdansJRYebynmass nd equah ¢ 0-9r3) essiihap s
93% by nmass relative to the total nmass of the resin conp05|t|on for

Se”‘Conduéh@rCQBCﬁB§Ub@tk@@pé%%1vely identical with or different from

14 car bon

each other; d represents an integer from 1l to 10; e represents
an integer from 0 to 10; and a structural unit represented
by a repetition number d and the structural unit represented

15 by the repetition number e may be respectively lined up in
a row, may be alternately arranged with each other, or may
be arranged randomly;

a naphthol resin (b2) represented by formula (3):

%f\ o) [ AR
ijﬁ) n \ 2 /m-+n-—1 \ }é&;iziiij )m *




13. The resin conposition for sem conductor encapsul ati on accordi ng
to claim1, wherein the amount of the epoxy resin (A1) is
equal to or greater than 50 parts by mass and equal to or |ess than
25 100 parts by mass relative to 100 paffd by mass of the epoxy resin
(A). 103 14.The,resi.n conposition far sepiconductor encapsul atio
according to cl &M E T urth ecéﬁﬁ“é&%g?gsCuFin&%ﬁ%%?@?gﬁoﬁ @@égoﬁyl
15. The resin coqpositio for sem conduct or encapsul atjon according to
cl ai m 14, 9FCUP SRyt HE RLETr FRGHECC &e@RF S TBF tondl huss ot Thasgroup
one curing accelerator_ selected froma group consisting of a
t et rasubs ?WGF%H1pﬁ6éﬁh8ﬁﬁ§ﬁ¥b6ﬁﬁ3ﬁ%d,Og.%%d%ﬁ%%ﬁéﬂ&iﬁ@dﬁﬁxﬁﬁﬂﬁ%ﬁﬂ@Foup
an adduct of a phosphi ne conpound and a qui none conpound, and an
adduct of N& Vs phohP uhic GRIRAR AREME rsivbinkS cBABoamd R5s maygbeThe
resin conposition for sem conductor encapsul ation 15 according to
claim?, FEEERGTEoRpYi 5AETA cednpdiid qEERLIGE seeh fwemoragbrether; R6
adj acent carbon atons that constitute an aromatic ring are each
bonded t oT&PHEFRIXYF @rbypgrocarbon79ryhe hesiimeohpbsi i axfasrn atoms,
sem conduct or encapsul ation 20 according to claim11, further
conpri si n§radgoupPinag iggerdnc@arbongrghe heginacénposli4icnrfon atoms,
sem conduct or encapsul ati on according to claim11, further conprising
an i nor ganhd lfd Bs metyabdahtefiG)l.c 25 w ity osediiddiuen or f eomapschatioar ;
according to claim1.

[ represents an integer from 0 to 3; g represents an integer

10 from 0 to 5; h represents an integer of 1 or 2; m and n each
independently represents an integer from 1 to 10, while m +
nz2; and a structural unit represented by a repetition number
m and the structural unit represented by the repetition number
n may be respectively lined up in a row, may be alternately

15 arranged with each other, or may be arranged randomly, but
-CHz- 1is essentially disposed between the respective
structures, and

a naphthol resin (b3) represented by formula {(4):

(OH)t/ (OHX
\ 2
{(R7k1 (R7kz (R7)kz2 (R7)ki
20 wherein in the formula (4), R7 represents a hydrocarbon

group having 1 to 6 carbon atoms, or an aromatic hydrocarbon
group having 6 to 14 carbon atoms, while R7s may be identical
with or different from each other; k1 represents an integer

from 0 to 6; k2 represents an integer from 0 to 4, while kls
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and k2s may be respectively identical with or different from
each other; s represents an integer from 0 to 10; and t

represents an integer of 1 or 2.

11. The resin composition for semiconductor encapsulation
according to claim 10,

wherein the amount of the at least one resin selected
from the group consisting of the phenolic resin (bl), the
naphthol resin (b2) and the naphthol resin (b3) is equal to
or greater than 50 parts by mass and equal to or less than
100 parts by mass relative to 100 parts by mass of the curing

agent (B).

12. The resin composition for semiconductor encapsulation
according to claim I,

wherein the amount of the inorganic filler material {(C)
is equal to or greater than 70% by mass and equal to or less
than 93% by mass relative to the total mass of the resin

composition for semiconductor encapsulation.

13. The resin composition for semiconductor encapsulation
according to claim 1,

wherein the amount of the epoxy resin (A-1) is equal to
or greater than 50 parts by mass and equal to or less than
100 parts by mass relative to 100 parts by mass of the epoxy

resin (A).
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14. The resin composition for semiconductor encapsulation
according to claim 1, further comprising a curing accelerator

(D).

15. The resin composition for semiconductor encapsulation
according to claim 14,

wherein the curing accelerator (D) includes at least cne
curing accelerator selected from a group consisting of a
tetrasubstituted phosphonium compound, a phosphobetaine
compound, an adduct of a phosphine compound and a quinone
compound, and an adduct of a phosphonium compound and a silane

compound.

16. The resin composition for semiconductor encapsulation
according to claim 1, further comprising a compound (E) in
which two or more adjacent carbon atoms that constitute an

aromatic ring are each bonded to a hydroxyl group.

17. The resin composition for semiconductor encapsulation

according to claim 1, further comprising a coupling agent (F).

18. The resin composition for semiconductor encapsulation
according to claim 1, further comprising an inorganic flame

retardant (G).

19. A semiconductor device comprising a semiconductor

element encapsulated with the resin composition for




104

semiconductor encapsulation according to claim 1.




