1 SPECI FI CATI ON RESI N COMPCSI TI ON FOR ENCAPSULATI NG SEM CONDUCTCOR AND
SEM CONDUCTOR DEVI CE USI NG THE RESIN COVPOSI TI ON 5 TECHNI CAL FI ELD
[ 0001] The present invention relates to a resin conposition
for encapsul ating a seni conductor and alseni conductor device using
the 10 resin conposition. BACKGROUND ART [0002] A sem conduct or
devi ce has been encapsul ated for 15 of protecting a
sem conduct or el enent, ensuring e%ggpggg&gﬁgﬁpation and achi evi ng
easy handling property. For encapsul ati on of a sem conductor devi ce,
an epoxy resin conposition has been mainly used for encapsul ati on by
transfer nol dkpgrRecaysestRoRPRK. ERSABSHPARORK! LORTCONDIAEC A 1
, reliabrlity an he T Ke.

the 20 productivity, €o0S ( ' response to

t he market requiEﬁﬁ?Q§ quGt i |4 ﬁg@& i
per f or mance of eglec ré\ﬁjllngéfePsi cesi,d%g [jn%lv% Zlﬁ%El n%ﬁ%%el\?hno ogy @%@E as

surfgce nmounting has been devel oped and commerci alized, in addition
to high integration of sem conductor elenents, and 25 mniaturization
and higthggﬁié 1,0b18£[ conduct or devices. This technical trend has
al so influenced on a resin conposition for encapsul ating a

sem conduct or, (@&l f equi red performance has been 2 upgraded and
diversified year by year. [0003] For exanple, as for solders

used for surfafge {Tﬁyeggﬂe, 1 H9enef cheadnfyiee s@daelrrég%leeemee%g%ﬂ for

pronot ed agai nst e 5 background of environnental problens.

nel ting ptabs@iatead- senisehedrict drSafidekent R3RRRL Ot N8 using the
conventional lead/tin solders, and the refl ow nounting tenperature 1s

incrgasegef1om-sapyentignal 220 to 240 degrees centigrade of lead/tin
sol ders, to 240 to 260 degrees centigrade, so that resin cracks are

easily 10 fornmed or detachnent easily occurs inside the sem conductor
devi ce, and sol der resistance is not sufficient in the conventional
encapsul ga¢ROROE@SHNARONMPOSition in some cases. [0004] Furthernore,
for the purpose of inparting flame retardance, 15 a
br om ne-cont ai ppm@2 gpoxy resin and an antinony oxi de have been used
as a flane retardant in the conventional encapsulating resin
conposi tion. HowewgicorndiRiter Sedige WdNPeceppiddpilated Ebirni@ibRrposes
such conmpounds fromthe viewpoints of recent protection of the
envirsonneft apdteapiagemant semitdendaitedy. 20¢0O0S] Fontheingreeliektric
recent years, electronic devices such as cars and nobil e phones which
are int ended! §ofoout dowr usehbhavengoneadiyt 0 hanél isg. prophkess . For
applications, the operational reliability under

encapsulation of a semiconductor device, an epoxy resin

composition has been mainly used for encapsulation by transfer
molding because the epoxy resin composition is excellent in the
20 productivity, cost, reliability and the like. In response to the
market requirements of reduction in size, lightness and high
performance of electronic devices, a novel joint techneclogy such
as surface mounting has been developed and commercialized, in
addition to high integration of semiconductor elements, and
25 miniaturization and high density of semiconductor devices. This
technical trend has also influenced on a resin composition for

encapsulating a semiconductor, and required performance has been



severer environnment than the conventional personal conputers or 25
househol d el ectric appliances has been in demand. In particular, high
tenperature storage |ife has been demanded as one of nandatory

requi rements in autonotive applications2 so that it is necessary 3
to mai ntain operation and function of a sem conductor device at a

hi gh tenBeratgrg of lgO to 1%0 %e rees centigrade. [ 0006] As a
convent i oRal = Schﬁgpog§vefﬁérée a 8a5e5X ngpdsed a 5 nethod of
enhanci ng hi gh bsggfrature storage |life and sol der resistance by
conbi ning an eﬁoxy esin having a napht hal ene skel eton and a phenol
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resi stance, sol der resistance, high tenperature storage e an

cont i nuodsnBhei BHaPr opert¥. 240 RELALER PORUWENLJBALENT BECWWENL 1 ders,

[ 0007] Pat ent Docunent 1: Japanese Unexan ned Patent

Applicattom fukld oajd eleghees20@At34688:25E8! eRht DOCHB U r ko) FRANRIR1 1y
Unexam ned Patent Application Publication No. Hei 06-216280 Patent

Docufient fgrmd@nanese sUnexam 8g6i Pattu APRhisGalel Re derBUHIAGAEON Y1 ce,

2003- 292731 ~ Patent Docunent 4: Japanese Unexam ned Patent
Appli cathine Rdldegat re8iNeandB04-A3848 51 S HUREIOF tTHE LIMRNAEnal
[ 0008] The present invention is to provide an encapsul ati ng

resin cogpespsiLvat Wgcheexhi bbhpokl amenr ehasdaaceawkkhout using a

hal ogen conpound and an antinmony conpound, and is excellent in a 10

bal ance anong spboler resistance, high tenperature storage life and
continuous nolding property at a higher |evel than conventional ones,
and a sem condpetohetevirepe fxecealleplirppsthefrahpabiindg ) lusiangethedance,
encapsul ati ng resin conposition.

15 a bromine-containing epoxy resin and an antimony oxide have been
used as a flame retardant in the conventional encapsulating resin
composition. However, there is a growing opportunity to eliminate
such compounds from the viewpoints of recent protection of the
environment and improvement in the safety.

20 [0005]

Furthermore, in recent years, electronic devices such as cars
and mobile phones which are intended for outdoor use have come into
wide use. In these applications, the operational reliability under
severer environment than the conventional personal computers or

25 household electric appliances has been in demand. In particular,

high temperature storage life has been demanded as one of mandatory

requirements in automotive applications, so that it is necessary



[ 0009] 15According to the present invention, there is provided a
resin conposition for encapsulating a sem conductor containing a
phenol resin (A), an epoxy resin (B) and an inorganic filler (C, in
whi ch the aforenentioned phenol resin (A contains a polymer (al)
having a structure represented by the general fornula (1), and 20 the
epoxy resin_(B contarns | east ki.nd of epQx .resin elec
FFom ¢ hotgr BORMEanG: SPPRGEoPasrs: SHERGH Chebans SpE R Srodiet top ot
napht hol t e a i hyd n et resin,
a5 hati oot FatgeEgEh %ﬁ B D R R Rt s8 hevi ng 1
to 6 carbon at Oﬁé an aromatic hydrocarbon group havrng 6 to 14

car bon at ons, y be the sane or different fromeach other; ais

an integer of ﬂéog]go%ge%tigh%ﬂd Qg?ﬁﬁﬂﬁ%ﬁhadgﬁ%ﬁ%nQ%Qel%ﬁ?ﬁlB psed a

integer of from1lto ruc

repr%se%éghgéi e dapeillh ”h’i Hbecre %ﬂ? EEBE‘Qggr qé“'éﬁd solder

represented by the repetiti nber e arrang

conti nuo r r o] sari iy . each
Pé%hté‘ﬁ&@cﬁgf Eé‘{@m,%g%h?h?%g ng% £35S @kl hgtal n%rl%helene

structure having ording'to one

enbodi m‘f‘é‘kePét&ﬁeaﬂae%e%héﬂwfnké%n bﬂrlﬁ% %fg%mwﬂ&d r?r%b'?rthalene

conposition for encapsulating a sem conductor,” the aforenentlone

epoxy reskd1&8hncotAidiSmi1ld, e%%% 9Q€e5t@o@&m&99§>’1 L8R D) sed@gtLtethod
fromthe group consisting 15 of an epoxy resin (bl) represented by

the genegal cAREAUL Ag(BlghabeRBOXYt 188! BrbRlel eRFeSERHEE 1AMt R@sistance
general fornula (3) and an epoxy resin (b3) represented by the

genejeal Egrey&elﬁﬂﬁ S0 sphbR3sbcoBhPningetehpound tkergeramdhe, see

formula (2), R3 is a hydrocarbon group 20 having 1 to 6 carbon atons

Or an arpgBéh€ bydh@eAatboB ghaup) haviipPebekp 14 ar BARAALOMendAEnMRYiat
be the sane or different fromeach other; b is an integer of fromO

to 4, p &pakidd %@ﬁrngofflbmenréstetaﬁcean@m&mu@@sQﬁcgpcturcg Pragerty and
containing a glycidyl group, 6 wherein, in the genera

fornul a §3)deRd des i tuttidCcaBbOSU PE DEPeRBYi NYAL t @eScEabban ASORS, Okith
an aromati c hydrocarbon group having 6 to 14 carbon atons, and may be
the samembnigtfiferebiohr m@agvpularization of automotive electronic
15 devices, there has Dbeen demanded an encapsulating resin
composition which is well balanced among flame resistance, solder

resistance, high temperature storage l1ife and continuocus molding

property.
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5 other; R5 is a hydrogen atom a hydrocarbon group having 1 to 6
carbon atons or an aromatic hydrocarbon group having 6 to 14 carbon
atons; c is an integer of fromO to 5; g and r are each independently
an integer of 0 or 1; and Gis an organf'c group containing a glycidyl
group, GO 10 wherein, in the general fornmula (4), R6 is a

hydr ocar [ hayi.ng o] bon atons or an aromatic
hydrocarEgﬁlgggﬁgoﬁagPhgzéO?oz%igggrbon atons, and may be the sane or
different fro o] , ig.an_] r.Qf .S .
nt cger of froneoods Pacineing: corbth8us! skt B Arhy Tgation
glyci dyl pgrovp-+EQALL . 2004-4R%5§9rding to one enbodi nent of the
present 1nventiron, in the a#orenentioned resin conposition for

encapsul ating a sem conductor, the ICl viscosity at 150 degrees
centigrade of the 20 aforenenti oned phenol resin (A) is from1.0 to

7.0 dpangescr b99RR] or 'TpE 1nvEASEBRAI NG to one enbodiment of the
present 1 nvention, 1n the aforenentioned resin conposition for
encapsul ati ng pggegi conductor, RL in the general fornmula (1) is a

met hyl group. [0013] 5According to one enbodi ment of the present
invention, in the ofoseenianed: 595id PN ldDR %c%%%q%t&lﬁ Bdsin
a sem conductor, the ratio of the polyner ‘conponent in ich (mn) is
(2,1) incémgosi et sAERi 1edcRRERGK s e8] nd ArdRaddRE by ith8ugelusing a
perneati on chr omat ography (GPO) nethod is from30 to 80% by 10 area.
[0014] halogeACESHEbREAHnONEN eTDOThIMNtc HpddiRd Prasents ide@ntiedt in a
the af orenenti oned resin conposition for encapsulating a

sem wondyigl Ofcé Wit se0akal ASs Bs €& EAY RGNt enpRE alth@ elStorage 1ife and
af orenmenti oned phenol resin (A) is contained in an anount of %0 to

100 partsohyifmesssinol@dngaptspbycyass af hibReeunknglagenh. cbBOdhkional
According to one enbodi nent of the present invention, in the

af or emendh @62 GRS b EARasi du oY D HeRd apsek @ L ngat 2 SRE1 KINHIST 0Tty @king
| east one kind of the aforenentioned epoxy resin selected fromthe
group cotisé séhagpohlatingphesoh oempasetiype epoxy resin, a naphthol
type epoxy resin and a di hydroant hracene type epoxy resin is

contai ned in app@unt of 50 to 100 parts by mass in 100 parts by

mass of the aforenmenti oned epoxy resin (B). 25[0016] Accordi ng
to arse enbodi entooditheptbegntesantennivention,ttitere is provided a resin
af or enent i onedr esi nconposi ti onforencapsul ati nga 8 sem conductor, at

| east oneckpaosi bfoth hes afeorcarpentliadriedy epsayicesdnctor containing a phenol

resin (A}, an epoxy resin (B} and an inorganic filler (C), in which
the aforementioned phenol resin (A) contains a polymer (al) having
a structure represented by the general formula (1), and

20 the epoxy resin (B} contains at least one kind of epoxy resin
selected from the group consisting of a triphenol methane type
epoxy resin, a naphthol type epoxy resin and a dihydroanthracene

type epoxy resin,

FA e ee ¢

(R2),

OH

a

25 wherein, in the general formula (1), Rl is a hydrocarbon group



sel ect edf r ont hegr oupconsi sti ng oft heepoxyresin (bl) represented by

the general formul a(2),the epoxy resin (b2) represented by the

general fornula (3) and the epoxy resin (b3) 5 represented by the

general formula (4) is contained in an &munt of 50 to 100 parts by

mass in 100 parts by mass of the aforenentloned epoxy resin (B).

[0017] Aﬁ%%?gﬂg”? 19 one, giodient. %12 4 e, pros 0 ?rﬂ"ﬁ”éré’up 2D 1 to
n-fof “enca su a

10 af oreneén ned resin conp03|t|d

sen condg)ceggb hne .ot el fg%ataxooﬁgtweha@gsgypﬁﬁOgﬁgagsnﬁé%‘ﬂbc6 to 14

iller PFrom to 9 by nass resin
Co”pos' tJ:QPboLO%{%% 15@88°&9k01“88t RnANE REDAYI AR RL O nﬁth%x%ﬁne %]’&Hnt okhers
invention, Tnt aforementoned resin conposifion encapsu

asmnugggt uﬂ&%§§§%%%ﬁﬁﬁ%ﬁﬁtﬂeﬁﬁ %@ggﬁmﬂd&%gmﬁﬁjyan

filler by mass, "bas total

compasi t} 9P y2PIOPIHom 1 to 1AL B2 1. ARG LMHAM Eﬁ?@tsggéﬂﬁral units

present | nvent| on, Iin the afor errent| oned resin conposi tion

encapsul at} pgsén £&4i E9HQH8t eépe&*ﬂ%l%%aﬂisey AngderR@y srt%'cr&u(rlall) ) pnits
represented by the general forrmula (2) is contained In an anount

200; 0 rlgglepﬁéééneédb}zsym% I2pkRQ AR Sudibdmss iy the atenREBA! HANGd ne
Pory continuously, alternately or at random, but necessarily each have
a structure having -CHZ- between them.
10 [G010]

According to one embodiment of the present invention, in the
aforementioned resin composition for encapsulating a
semiconductor, the aforementioned epocxy resin (B) contains at
least one kind of epoxy resin selected from the group consisting

15 of an epoxy resin (bl) represented by the general formula (2}, an

epoxy resin (b2) represented by the general formula (3) and an epoxy

resin (b3} represented by the general formula (4},

(R3)% /@ (R3}y, (2)

(R3)y,

oG

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

20 having 1 to 6 carbon atoms or an aromatic hydrocarbon group having
6 to 14 carbon atoms, and may be the same or different from each
other; b is an integer of from 0 to 4; p is an integer of from 1

to 10; and G is an organic group containing a glycidyl group,



[ 0020] According to one enbodi nent of the present invention, the 9
af or enent i onedr esi nconposi ti onf orencapsul ati nga sem conduct or further
contains a curing accelerator (D). [0021] According to one enbodi nent
of the present invention, in the 5 afofenentioned resin conposi tion
for encapsul ating a sem conductor, the aforenentioned curing
accelerator (D) contains at |east one kind of curing accel erator

sel ected fromthe_gr si%king of a tetra-substituted phosphoni um
conmpound, a ph conmpound, an adduct of a phosphi ne
conpound and a 10y nong¢ carpound, and an adduct of a phosphoni um
conpound and a silane cofifsiéind. [0022] (8 According to one

enbodi nent of the prese pAaventi o t he

af orenent i onedr esi g¢ 108 apsulatinga 15 sem conduct or
further contains a co ) in which a hydroxyl group is bonded
to each of two or nor@»adj aceffccarbon atons constituting an aromatic
ring. [0023] According to one enbodi nent of the present

i nvention, ex?lggrﬁiﬂr aneph s uedresi @?Qfﬁggﬁl i) Onkgrfyﬁq@(ﬁ’@%ccor dlgroup

sem conductor further’ contains a coupl'i ng agent

to one epbedigent: Ok LHeLPheseM s IR APBmat D€ hydrocarbon group having

af orement i onedr esi nconposi ti onf orencapsul ati nga sem conduct or

further goptal DA MUEHNE C IA@MRay q;@rg@tsa([r@ or[ %%%br%‘%ﬁorﬂ'oﬁg each
to one embodi ment of the present invention, in

afOfQﬁEnétQQEdrﬁ§'ﬂ§0§DQ§H£bg@ﬁ°é€Bﬁap§Uh?HkBEér&%H‘ﬁgaqﬁchg%anbhq to 6
af orenenti oned epoxy resin ( represented by the general formila

(3) is coatvbheddus ar Mmﬁléﬁyﬁeo&%@w@ﬁow HERssnd B 80 PEESon
by mass of the aforenentioned epoxy resin (B).
atoms; c is an integer of from 0 to 5; g and r are each independently

an integer of 0 or 1; and G is an organic group containing a glycidyl

group,

ﬂ;®¢ﬁf5§§%ﬁ§ §| l a%%%gfirmm

" \ | =7 O/ﬁ/\o N d og @
QH
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wherein, in the general formula (4}, R6 is a hydrocarbon group

having 1 to 6 carbon atoms or an aromatic hydrocarbon group having

6 to 14 carbon atoms, and may be the same or different from each

other; d is an integer of from 0 to 8; s is an integer of from 0
15 to 10; and G is an organic group containing a glycidyl group.

[0011]

According to one embodiment of the present invention, in the
aforementioned resin composition for encapsulating a
semiconductor, the ICI viscosity at 150 degrees centigrade of the

20 aforementioned phenol resin (A) is from 1.0 to 7.0 dPa‘sec.

[0012]



5[ 0026] Accordi ng to one enbodi nent of the present invention,
in the aforenentioned resin conposition for encapsulating a

sem conduct or, the aforenenti oned epoxy resin (b3) represented by the
general formula (4) is contained in an dmunt of 50 to 100 parts 10
by mass in 100 parts by mass of the aforenentioned epoxy resin (B)

0027 I t h t tion, th N i ded
Sem conduct or REVPEE 081 &b A B PERGRBAN At | M R ES EoABIERGOn n the

el enent w . roduct .of the orenentioned resin_15 ,
conposit%%%QF%F%géggsgula#ﬁﬁﬁQE séﬁ?géﬁ%ﬁ% Yt. [bobg) Srcapsulating  a

Accordin ent,,i nyent.i.o it _ihs ikl e .t 0 .qbt al rnesin
conposit?%ﬁgFéggggéggéu%%t?ﬁg@éesgﬁpggﬁ&ugggﬁﬁﬁgi3%)e%%iﬁi#%qﬁx%ngroup'
ret ar dance mﬁt@8533¥sing a hal ogen conpound and an 20 anti nony
conmpound, and is excellent in a balance anbng sol der resistance, high

tempgyature StRéégfdhhéﬁx?%%epQﬁgngﬁgﬁtWQE }ﬂgggbggﬁktXnéén@'Phghfﬂ-the

| evel than conventional ones, a sem conduct evice excellent in
the reliabjl] i t he in c [ ts.0n..for aps i :

(e rell A LLitguspagat e deeain comeR Lo epparsubaLagiacing s
Fig. 1 '§eﬁi¥bﬁ&bb£69§?£ﬁé'PgtfoCéPS@ﬁéﬁ&iﬂ§ﬁbf“édﬁﬁdH%%ﬁ”iﬁ”&H%%ﬁFﬁhﬁn)

of a sem conductor device using the resin conposition

encapsul a5i ng, 8) Sefi £ARAYELLPENBREPPHERIphENbE rREESENR )| BEGRLIRR by the
5Fig. 2 is aviewillustrating a cross-section structure of an

exanpl e Qélap@fﬁe§t§8n38ﬁ§8ﬁ5£@?9Qp§9"H@@ﬂ@uﬁbﬁho@e!bc%rB%!@@ tReg0s by
resin conposition for encapsul ating a sem conductor according to the
presgnt iLpyention. Fig. 3 is a GPC chart of a phenol

resin 1 used in Exanples. 10Fig. 4 is an FD-M5 chart of a phenol

resin | used ipogxanpl es. DESCRI PTI ON OF EMBODI MENTS [0030] Preferred
enbodi nents of the resin conposition for 15 encapsulating a

seni conduct or A8gotdengenbconduehbbdineheecacenedprgskbatt AAVRNRIGM, the
invention will be described in detail with reference to the draw ngs.

| nci dent aFb¥ementibRedesCirieptinon fonigtssidriadm ngsfot he saaBpsAMRONERtS 5
are assigned the sane reference nunerals and appropri ate expl anations

t her eof séhicbedastbted fu2@he@3l]cdiaiesi nacorpasinig orhderit, and the
encapsul ating a sem conductor of the present invention includes a
phentd rascneféhtiontdi phegod pebynerafalips bBawicAagnadstnuahuagount of 50
represented by the general fornula
to 100 parts by mass in 100 parts by mass of the curing agent.
[0015]
According to one embodiment of the present invention, in the
aforementioned resin composition for encapsulating a
20 semiconductor, at least one kind of the aforementioned epoxy resin
selected from the group consisting of a triphenol methane type
epoxy resin, a naphthol type epoxy resin and a dihydroanthracene
type epoxy resin is contained in an amount of 50 to 100 parts by
mass in 100 parts by mass of the aforementioned epoxy resin (B).
25 [0016]

According to one embodiment of the present invention, in the

aforementioned resin composition for encapsulating a



(1), an epoxy resin (B) containing at |east one kind of epoxy resin
25 selected fromthe group consisting of a triphenol nethane type
epoxy resin, a naphthol type epoxy resin and a di hydroant hracene type
epoxy resin, and an inorganic filler (CB In addition, the 12

sem conductor device of the present invention is obtained by

encapsul ating a .sem conductor_.el enent_w t cured product of the .
o or erenePBRSaRERE R A b i SrenEapl it bt Broar o ReRE Ched! eddy resin
sem cond rejl ter, t esent._ .inventi ill be 5 described

in detai ?85?66%] flj%ﬁ e Lot n e PeaH il p8¢i 1ith FEPRY TSI (bl)
doser: beachThalpEER, BOEEL PEeBkbdy RHEEE, L2 o H e ebnatersh ob2)
the pres i ni.i,on.i.n a resi 0 i

ol ymer ToPFeRgbPEE ROk LR s BaaTa Q) al WECHANY Mefln o3
e e e e B
having 1 ’ : i vdr r i

Carbon 2 bms 5P A ReEa oY Tt S6 A Dot o) R nare e 1§ renkRdoned
atoms, agd,gpy-Bgihhggsame or different fromeach other; a is an
integer of from0O to 2; mand n are each independently an 20 integer

of from1l to 1Qyomn is 2 or nore; and the structural units

represented by the repetition nunber mand the structural units

represented byatbsr8€Rgtid i BMBBEEmBnIBYE e ALHaRAEE I RAvEAREon, in the
continuously, alternately or at random but necessarily each have a

strugt Ur erhpumest 16ha betwaen t hemRiQ034 186r  encdpsubhengy a
resin (A is excellent in flane resistance and al so excellent in

hydr ophobégi peRpeELtYrPeerdseofeihardt RS e Rl aF crepRintalonseliab@Banic
inits nolecule, and has high sol der resistance because of the effect

of | owerfingléhe (€ aski erpdulousAtoFr dedsd, rehsew baMpREatYLal hesin
general, a novol ac resin having a naphthol skeleton is hardly

mel t - kneagggdobeeadse the softening point is high and the viscosity is
hi gh, so that the flowability is not enough. Thus, such a
napht hol - cont aid ng] novol ac resin is hardly applicable to a nolding
material in many cases. However, the phenol
15 According to cone embodiment of the present invention, in the
aforementioned resin composition for encapsulating a
semiconductor, the content ratio of the aforementioned inorganic
filler (C) is from 80 to 93% by mass, based on the total resin
composition.
20 [0019]

According to one embodiment of the present invention, in the
aforementioned resin composition for encapsulating a
semiconductor, the aforementiocned epoxy resin (bl) represented by
the general formula (2) is contained in an amount of 50 to 100 parts

25 by mass in 100 parts by mass of the aforementicned epoxy resin (B).

[(0020]

According to one embodiment of the present invention, the



10 resin (A) used in the present invention has the viscosity and
softeni ng poi nt which are appropriately reduced because of the
presence of an al kyl (Rl) substituted phenol skeleton inits

mol ecul e. Furthernore, noisture resistafice of the phenol resin (A is
i nproved because of the alkyl group (R1). Furthernnre the 15 phenol

resin ( xhi bi X eIIent .cont i nuous_ .l di ng ropert because. of
t he al ky gr%ﬁ%n%ﬁﬁﬁ ét an oﬁfho posﬁFFthéglco At ed F§C§Rgu;9§§pg a

21yt - supsrPafaBCERen SR kL8R, pEHERRRST ReEhaphbnar caverator 4P

bonded in a rﬁLﬁé fly short distance because of the presence 20 of
-CH2- in the ecut e of the phenol resin (A), the density of the
hydr oxyl grou | ene ) d e

; E’z)@é@r&fﬁ h\‘.htg ot efnﬁ %éﬁ'ﬁ‘ SH QY %%s%{u% J’gﬁb&nti@ﬁ‘ in the

phenol resin may e it excer ent Feactivit

resin an uct eof e | en
e ﬁ%ﬁ&?ﬁ%méﬁ%maﬁaggﬁgwmg .
reSpeCt'é’&a§%5H8%HE§J: Wi d $ fd% %ﬁ%@%@&ug%h%} éi‘?ﬂﬂé%ﬁ gﬁt %ﬁtains

represente e genera contal ned eno

resin (At ai@aé‘f@%‘né ”QEHQ”QE”Ehhﬁﬁeé%éggka%rf 5@Medtkq %Qoma@ﬂemc’j@oup

is 2 or nore. hin this range, resin COﬂpOSItIOﬂ my be

kneaded &@@Ql@@%gngafmktlegtﬁadsﬁagegtﬁgedlt h®sBhehgLAP! %ohB@hn@ a
is from5 1 to 6 and nis froml to 6. F his"range, the resin

conposi thieds pRYLOEa YBE | cbRbbBEa, The dﬁtﬁft@’& d’@%! BHAo ARG and a

synthesis has an arbitrary nol ecul ar wei ght distribution. However,

f romet hegyi e Bdm d}%u@dba&aacgnaaaagceua@bal bh¥sphbafiBm’ esh baReand a
heat reS|stance and flowability, a main conponent nay be preferably a
10 conposendné ncbsiinéihe value of mtn is 3 and 4, and nore

preferably a (mn)=(2,1) conponent. The (nln):(z,l) conponent is
excellent in sph@ez]resistance and flame resistance, and al so

excellent in the flowability because the ratio of the naphthol

skel eton in tEceorpimgntoi sndi ghibcdheefOnbentheapreseat thes@tion, the
conponents are not 15 particularly limted, but the foll ow ng ranges
are prefgfabément iohde gekepenneatdompociindmat ography (&ReXpsRLADENg a
the content ratio of the (mn)=(2,1) conponent is preferably from 30

to 86B% byemat eandundt oore:prled eradilta ifrom 46mpour@% by ff eidh sohgetroxyl
to have the aforenentioned preferable ranges of the content ratios of
20 respegtowe (m bondechpomeatsh ife tvad i 08 oamebedientard | edribynt heoms
met hods descri bed below. [0036] In the present invention, gel

per neat i conght owat ographyré@PO.ci singasured in the fol |l owi ng manner.

A GPO device is equipped 25 wwth a punp, an injector, a guard col um,

a colum and al@Zektor. For the nmeasurenent, tetrahydrofuran (THF)

is used as a solvent. The flowrate of the punmp is 0.5 m/mnute. A
plurality of Adceodieyctal ogaasdbecdinents ¢forhexampbentTSKvention, the
GUARDCOLUMN HHR-L, commercially available from Tosoh Corporation,

di argét eraforonemiiond@ | engshn 40 opmposs tdqguar dfeol umdnaagsalating a
plurality of commercial polystyrene gel colums (TSK-GEL GVHHR- L

commer ci $EMycenARt T efBrihem FosbaAller poravbbancgdpaseterf) 7. 8 m

tube |l ength: 30 as a colum are used, which are connected in
series. Adiffet@nt]lal refractoneter (R detector, for exanple, a

differential refractive _ _
According to one embodiment of the present invention, the

aforementioned resin composition for encapsulating a
25 semiccnductor further contains an inorganic flame retardant (G).
[0025]

According to one embodiment of the present invention, in the



index (RI) detector, W2414, conmmercially available fromWaters
Corporation) is used as a detector. Before the neasurenent, the 10
i nside of the guard colum, colum and detector is stabilized at a
temperature of 40 degrees centigrade. A'@HF solution of the phenol
resin in which its concentration is adjusted to 3 to 4 ng/m is

prepared_ %r % L&eand the sol “téé’rﬁé '”J; ected L.roman tngetor of 4
rR T SR SS AHE

about 50 or the THeasure he analys

sanpl e, ath%ﬁttg CURY S, PLOANS &te@,g% $3F 2k ggggdfé PELSE ed by

polystyrene ereimafter erred to as s use

The cali Pfx C%%f%;ﬁ%h 1r%tb|t__(é') ”fgéi% %tetct R édg%n‘!o%. rb{f@d ¢V MYparts

of the no ver sus e pea tection

(retenti Bg rﬂéé@)inoﬁoﬁi PEQ Bgi % Qfsé é”“a%trek'r#e@ﬁl%%e gx? resin (B).

regressi on equati on. ard P sanpl e pro uc
calibyation curygpgihere are used Model S-1.0 (peak nDIecuIar melght:
1,060), S-1.3 {peak nol ecul ar weight: 1,310), S 2.0 (peak nol ecul ar

weight: 1, 990)Ac§o§d9n Pedlo P LesBbdmee 9Pt he p3E%/en tSs Avént%ﬁk in the
nol ecul ar wei ght: 4,490), S-5.0 (peak 25 nol ech%r melgﬁ 30§,

S-6.9 (pgﬁgrQREEEEﬂbﬁédV‘e' Hlsi B, 939‘)mpos.:~,l]t11c(rpeakf8Pl ecdhan ‘é@t‘lgt&tlng a
10, 700) and S-20 (peak nol ecul ar wei ght: 19,900), all of mﬁ are

Shodex sgemﬂebftd&eté% §ﬁé'£&ré@§ﬁ6¥%&'e@d;&9 auali halhe) ff@ﬁ@@t\.@ed by
Denko K. K. 37] he values of mand n in the general formula

(1) may J@Be?&r@éﬂﬂj f@k&nﬁﬂ% rpy M eRaguligeRntin N bhol@$P8Et5d @0 100 parts
respective eaks detected by the FD-Ms anal ysis and neasured in the

det eny edp{agss s( Mz 00 o PRake 2f Al arbe eiehecwnald webabtrd£0Mm (B
t he detected mass (nm z) and the values of the repetition nunbers (m

n) may be obtarpggdyjand respective peaks in the GPO neasurenent are
mat ched, whereby respective (m n) conponents may be identified. 10

Furthernore, thecbpsiengi ty rigld oppésegspeaievie ip8akHerd UL hglovided a
determ ned as the content ratio (nass ratio).
semiconductor device obtained by encapsulating a semiconductor
element with a cured product of the aforementioned resin
15 composition for encapsulating a semiconductor.
[0028]
According to the present invention, it is possible to obtain
a resin composition for encapsulating a semiconductor which
exhibits flame retardance without using a halogen compound and an
20 antimony compound, and is excellent in a balance among solder
resistance, high temperature storage life and continuocus molding
property at a higher 1level than conventional ones, and a
semiconductor device excellent in the reliability using the resin
composition for encapsulating a semiconductor.
25

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]



[ 0038] The resin viscosity of the phenol resin (A) is
preferably from1.0 to 7.0 dPa-sec, nore preferably from1.5 to 4.5
dPa-sec and 15 particularly preferably from2.0 to 4.0 dPa-sec in the
measurement of the 1Cl viscosity at 1507Hegrees centigrade. Wen the
lower Iimt of the ICl viscosity is within the above range, the

curability and.f|l ane resjstance of the resin conpositian hecane
excel lent. On Fﬁ%'gﬁhﬁg éﬁ%,éwﬁégP?EﬁﬁEﬁﬁﬁnalﬁr S %Qﬁléﬁﬁﬂgture of

above raﬁggﬁ%ﬁﬁ%wﬁ%ﬁ%‘é@%{\iéé%@@fﬁf@%‘gﬁé&ﬂdsﬁ%g t[h0e0§:9e][sfr\ AR 5 on

for synt p Fesin present i hvention

is not p iC it ed. I f e ' h | ncl

a nethod§§%vo J%%g¥§%%?%%§iﬁbEé%gggggﬂ%fﬁ%ghb%%?%ggghapﬂgéoﬁgwg %f£¥%nt
conpoundingeﬁgggﬁhol conpound and fornal dehydes to pol ycondesati on
under an acid catalyst (hereinafter referred to as the first

synthesis nethggd), & pethag o 17 iyl M j j ;
aIkyF?substitu$e ﬁ%enols aﬁa fbrEgﬁa%ﬂgggi%$§%§§%%%%ﬁEiQQN$Hﬁ$(5”%? ot

basi ¢ cafal ¥simpiOld LR R addl td R f 1 AR ACIvice using

catal yst thereto and to co-condensation (hereinafter referred to as

t he Secoﬁge%Mﬂiﬂ?%kﬁqﬁﬁﬁhﬁQﬁyf@%deﬁegpéuiégfngpgQﬁ%ﬂfﬁﬂﬂﬁdﬂﬂd¥]dyb&f%ing

reaction, the acid catalyst in use is neutralized or washed wth

wat er, apgd f@gﬂ%fggeﬂgngﬁeéﬁtgag_nDisture are further renoved by
heating and distillation under reduced pressure. [0040] 10The

napht hol conpogng, i$ NPty pact ceukar by Liphéss] ased 0N asdd iFREx@mples.
structure such that one hydroxyl group is bonded to a naphthal ene

ri ngo and exarmi%.s 4 her&ofrD-my vHBrd-MaRhbhehs1 SHedi 89 @s8ap k®bmples.
2-nmet hyl -1 - napht hol , 3-net hyl -1 - napht hol ,” 4- net hyl - | - napht hol ,

6- met hyl - 1- napht hol , 7-net hyl -| - napht hol , 15 8-net hyl -1 - napht hol ,

9- et hyl - I - napht hol , 3-net hyl - 2- napht hol, 5-nethyl -1 -napht hol,

6, 7- di mephytrEpDEEht Pl EMBOBIMEREShYI - | - napht hol ,

2,5,8-trinethyl -1-naphthol, 2,6-dinethyl-I|-naphthol,

2, 3-di net hyl - | fo@ptt hol , 2- net hyl - 3- phenyl - 1- napht hol ,

2- et hyl - 3-et hyl - 1- napht hol and 20 the |i ke; and 8-naphthols such as

8- napht hol , 1,Prefetesd- beipbdapbhbal end- 2-tlg Grdeiyl- 2omppbihobnandor
the |like. Anmong these conpounds, preferably used are a-naphthol,

8- naysht hahcapishy Ba biexy 1-2- nsgoint ded ddatosm t hend/i exeoi Bemiciondugitop elbdévice
and high reaction rate in the synthesis of a phenol resin. 25

Fur t her ncegrdong thresbenapdd dot icorpauirdswiflheba awsmatierkdaincbstailswith
cheap and the reactivity with the epoxy resin is excellent. [0041]

18 The at«&fkrsmbstioutied phewdhgsonpdunddestadiypaihi theadegcripittied of
as long as it has a structure such that an al kyl substituent is

bonded tihe hirseicorl, pde tieow Compboeptsi trergseignded Premsame reference

numerals and appropriate explanations thereof will be omitted.
20 [0031]
The resin composition for encapsulating a semiconductor of
the present invention includes a phenol resin (A) containing a
polymer {(al) having a structure represented by the general formula
(1), an epoxy resin (B) containing at least one kind of epoxy resin
25 selected from the group consisting of a triphenol methane type
epoxy resin, a naphthol type epoxy resin and a dihydroanthracene

type epoxy resin, and an inorganic filler (C). 1In addition, the



structure. Herein, this alkyl group is a substituent RL in the 5

phenol resin (A) represented by the general formula (1) to be

obt ai ned. The bondi ng position of the al kyl substituent of RL in the
general forrmula (1) is the ortho positidh, whereby the phenol resin

(A) exhibits excellent continuous nol ding property. Even though the
reason i l.ear., _the f.ollow.-ng,nodel ] onsidered. 10 In X
general,gﬁﬂggogggﬁg rbé%%%ﬂﬁ% §%dq§¥%a%ﬁ?%%?€c&%ﬁgﬁﬁ&Pncé% oﬁbg?éﬁgd by
at the o Lt n Sit] .e . hi_g cllyi i
Fespect FRUERESR S8 A S P o R 2 Py B e 84 e
(referre - -jpar r-i ent at | -{? in, on I a
phenol sggFg?%ﬁnﬁgéﬁgg thgeéﬁﬁyl 3%%%%2%% ‘éﬁ) aFgfhe gggégggégFggﬁ a
or the oLLhQ-BASHELAR, a siLuct ch t zha or, .
a-naphtho%s ﬁay Be good) aréﬂﬁgﬁggﬁ§#b gggg-g%gggptviggggﬁ%$ﬁ§lgﬁgj' be
groupy (- Gkz)ibsqt akepepgiq nodel. In this case, due to the

af orenenti oned orientation, the chem cal structure has a high

symmetry focusipgzep para-cresol, in which 20 nethylene groups are
bonded to the second position and the sixth position of cresol, and

further bondedpipsthe figst pasihi on-@Hpds Ay holeor! N stich g Rdely  a
structure, three hydroxyl groups formintranol ecul ar hydrogen bonds

because tbgitohB88odi BENSHRANY rRQSitt | Aol Forf ei{?‘PIfa]QéYdSEEg?@beaUd The

further two bul Ky naphthal enes 25 are symetrically surrounding the

peri pheryether@giposix tdatr drhenBygsaxyt 1 B RS AR i cd 0o keaed pMeldant
the epoxy groups with good efficiency. That is, when the resin

conpasi tiARehsionl dadiubibseg ph8nBYdiexyh gmu@@n%@aﬂ%?f ar @ lymer (al)
crosslinked structure with the epoxy groups with good efficiency and

as a resyghiringond i st R@peeReltiad | pyCopBbdegesb M b&ormula (1)
deteriorated. On the other hand, in the aforenentioned nodel

struct ur ghevwbBenaotéhoreresokdi sousedthe phenol resin (A)),

[0033]
OH
(™) () o )
\v n\ m+n—1 m
(RZ)a
15 wherein, in the general formula (1), RL is a hydrocarbon group

having 1 to 6 carbon atoms; R2 is a hydrocarbon group having 1 to
6 carbon atoms or an aromatic hydrocarbon group having 6 to 14
carbon atoms, and may be the same or different from each other;
a 1s an integer of from 0 to 2; m and n are each independently an

20 integer of from 1 to 10; m+n is 2 or mere; and the structural units
represented by the repetition number m and the structural units
represented by the repetition number n may be arranged in line
continuously, alternately or at random, but necessarily each have
a structure having ~-CH2- between them.

25 [0034]



5 13- naphthol s are bonded to the fourth position and the sixth

position of cresol via a nethylene group, so that the symetry of the
bondi ng positions of naphthalenes is |ow, three hydroxyl groups are
properly dispersed and the aforemention&d factors of inhibiting

curing are less influential, as conpared to the case 10 which
para-cresol is . ul Ay, Lt si der hat _a_resin
conposition ex%fg%&glrﬁd%ﬁn%%%%ﬁi Lﬂdoﬁg en}%(?eﬁ%n%ggp%f?@e ?fseségtt?lﬁgd?nd also
Furt her .he. vi i At | ongd d

St uct ur asatEE 7 BYRORRloRE Brdittdl HASRH ChE R pLpgenge of a
conponent - hinh$ | &, t; r n re. ;

car bon at% at t égiﬁéé?ﬁ'pégﬁipgﬁggﬁggfhghgrg?%lggé?fggggggr%%éStance

al kyl ‘Sulgéééﬁ%'éegf M@f@éﬁ%@ﬁ?we&gﬁéz%liﬁ elast%@ﬁn@tﬁllff s at a solder

substituent of RL in the general ftornu I's a hydrocarbon group

having 1.&81 8, GaLRM. A0S, fRA;EXAPAR] €S, %fov%ﬁ%czgeghﬁyﬁé§ﬂg%§ai %g&ﬁﬂgol

phenol conpound bonded to the second position (ortho positi

phenol s§puebUpg iiNRLYESyORd NO-IH S84 becdued €R8so fheriihl ?tht is high
2- et hyl phenol 2-propy|pﬁenol, 2- butyl phenol’, 2-pentyl phenol,

2- hexy| pheaolhangd ddhesdd ke s Eﬁg@f; gBYtREt: Used SINEAWY; Of ¢ JBs e tugedugh.
in conbination of two or nore 25 kinds. [0043] 20 substituent of RL

in the genesal £@enul 2 (AdphshysedonthenimbecHbabiwei ghtseh the  hardly
obt ai ned phenol resin is easily increased or the phenol resin easily

takes a @%ﬁl‘g@@ﬂléttrdJétntHlQiirﬁijblﬁéE_ibﬂeirYEn%_@l@sd::&s’e:b.5 hBgegased @ @dhenol
the flowability of the resin conposition 5 is inpaired in sonme cases;

t hermf oreesstichaa pRerolid stiot ppestatabheenthon thes nutdeyi 8kosatboang
atonms of the al kyl substituent of RL in the general fornula (1) is
greater gbpredingupoinct haiehl esle efporiigydiaddndradweced Neetgasti ¥ict ¥he
of adj acent hydroxyl groups is inpaired and the curability of the

resin 10prosposét b@n drs howel edR1bhes@dof Btuise hpefuMbeykdle ot in its
preferable. Concrete exanples of the al kyl substituent of RL in the
gener al mereahbe (1) Funthattoae rehbybtgroupesantehbyl ofr eHp, pAepbOpyksin
group, an isopropyl group, a butyl group, a pentyl group, a hexyl

group an¢R} hes lilmpeovArbbgctheseof prief enalily guseg (Bl p. metunthegh@ie, the
from 15 the viewpoint of an excellent bal ance anong flowability,

cur asi | iplyeantd vesShul®) reshsbanseerfel hent esbntdonopasi mbdding0p44berty
The al kyl substituent of RL in the general fornmula (1) is a nethyl
group, arecaxaepdistiod 4 beyaldadumsulislt)i tait ech phehal P26 icdmpmoandconpared
bonded to the second position (ortho position) of the phenol

struct urieoi pice ualekpt t fooupesBl} 2t 3axpheaopps2iboryl eRokrthrdmblie, since
| i ke. These nmay be used singly or may be used in conbination of two

or nore Khedslkphoagbshetetegr phenabl gykasetdonsandt hbecnepbkhbiomkeheton
vi ewpoi nt of a bal ance anong flowability, curability, 25 noisture

resi st aneee dmhderhtimagouslatideny phoperdiystinodNessusheot the presence
f ormal dehydes, a substance which is a fornmal dehyde 21

genédlat | ohstei€e, Budhasialt G Afs Fdlutihemadf nesria fidy naltehggasity of
tri oxane, formal dehyde or the_ |like, or a solution of such

f or mal debly@ledydreyy bed TR'g . ang qmaht hadengueo g gsiaggdrerst as a result,

formal dehyde is preferably used in view of the 5 workability and the
cost . the phenol resin (A} may exhibit excellent reactivity with the

epoxy resin and a cured product thereof may exhibit excellent heat
resistance.
25 (0035]
The repetition numbers m and n of respective structural units

in the polymer (al) having a structure represented by the general



[ 0046] As the basic catal yst used in the second synthesis

met hod, a basic catal yst known in the usual synthesis of a resol type
phenol resin may be used. For exanple, sodium hydroxi de, potassium 10
hydr oxi de, cal ci um hydr oxi de, nagne3|un?hydrOX|de anmoni a,
trinethylanine and the Iike can be used. These may be used singly or
may be u na WO , Qr re nds Furt her he
acid catg useg? %ﬁ |rs s&ﬁthggls Fﬁo& an&stﬁenqA'onére each

synt hesi 5, gs%@ggﬁn@m aghd; GLALYSLkaamn hncbhegusugly 19,540t Begls

a novol ac enor resin ereor 1 nc

| nor gani ; ﬁigstﬁfgmeg?gdém W 16 <3¢ Qomg}SQ&EEB!n !§§ @&'vgellpl?&%l%%’d %hen

aci d, phosphorous aci nd t e |I'1ke; ani ¢ aci such as oxa

o013, e8] reE 900 ErhesEAg0RS ae@E[ PO HEREaPI L Sy £rom
he 1o, gSR, T B Y ) B9 uohu e B A SO oo
e s ot MRS g

the firskta,sw hesis ARLhAd) cEREa HAZ HONRANRSHL IR RE T BGHESEr DY @m the

met hod involving 22 réducing the mxing amount of fornal dehydes,

control |¢ﬂ@w;§$‘§nﬂn&ﬁcé}|@él&ﬁbghémgﬁ t Berabenot re?ﬂﬁm@bE@bﬂgqcﬂHEe, heat
synt hesis according to a nethod suc% as atnnsp%erlc distillation,

vacuum disiitt ahéOnanstERsAbs1ity Atd GhiQl WRAGYIRh Wirddy, wat 9&ef%rraﬁoh§; a
like. 5 1n this case, as preferable distillation conditions, the

t enper at egpbseual wha cBr tABrr€alhan HR+degs epsneent |eﬂﬁ@%r@”‘§ré§é%bbly
to or |l ess than 250 degrees centigrade. Wen the distillation

t enper atar guiis) + €551 | hesdh &legr eaheC ait, ng=ade,1)t %n@fofrﬂe@ﬂteﬂ%)’eh&ellent
distillation is worsened; therefore such a tenperature is not 10

preferabie §s0d@t h@mm@tarﬁj fihenepreducitadidsy,. aMealist exeeedent in
250 degrees centigrade, deconposition and high nol ecul ar wei ght of

t he phenghe riisdwatal el tpmald=aiedhe Rarebos e, tiseidiaphieipaiailEt®n 9n the
not preferable either. Specifically, by the vacuumdistillation under

t he condidmpmsenf i hemgper alle ecaft bR riae i2@0odeghees ddnERdnigy ade not
and a pressure of 5,000 Pa, the nononer conponent such as
al kyls- sutest t 1 e Balr ph dniodis edhaplitthohs forl tdvwei g kaneys beererefetable. In
the gel permeation chromatography (GPC) method, the content ratio
of the (m,n})=(2,1) component is preferably from 30 to 80% by area
and more preferably from 40 to 70% by area. In order to have the
aforementioned preferable ranges o©f the content ratios of
20 respective (m, n) components, the ratios can be contrclled by the
methods described below.
[0036]
In the present invention, gel permeation chromatography
(GPC) is measured in the following manner. A GPC device is equipped
26 with a pump, an injector, a guard column, a cclumn and a detector.

For the measurement, tetrahydrofuran (THF) is used as a solvent.

The flow rate of the pump is 0.5 ml/minute. A plurality of



wi th good efficiency, and by the vacuum steam distillation under the
conditions of a tenperature of 200 to 250 degrees centigrade and a
pressure of 5,000 Pa, the mtn.<-2 conponent maybe renoved with 20
good efficiency. As the nethod of contr¥1ing the nol ecul ar wei ght by
washing with water, water is added to a phenol reS|n which is fully

at *a tenpar B EPsAP Bt g Zest Qinra%fgﬁééé Q#%QFBEB@E g
Or Under BRASSUE1 19 S6RRL LS. P A0 ROl Sggaara%fm s gf 0 mm,

phase by or “centr ion o rennve

h
Eﬂi ow nor *%efc m.‘lgﬁ{ﬂmi?nﬁgﬁ??}i %ﬁﬁf%ﬂe%m%%@%%ﬂﬁ%s%%%%%%%l
phenol's BAaY Porharaehy Bz e oy SEFEN” MR SelFiaRt piar dyatabte

basi G caf%mos&taeccﬂ? <3a€9<5‘ﬂ?°”&{‘£m£f@%( rbey rbeggf dgchy e é}gjoﬂggd mm) as

i nvol ving reducing t m xi ng anount 5 for rolling

the nol egul &gl g u%f d,henRkengl-or EéhHeQPéé' fﬁdsé&vléé/nt hesli$ferential

according to a nethod such as atnospheric distillation, vacuum

distill aféf’f‘ac@érﬁ@f‘ég' &1 Ble%teb@.@rorfcy‘@%@aﬁ@)l‘@ tQ d’i_eftﬁrerpiléf?celf'rlé%tlve

As preferable distillation conditions, simlarly to the first

synt hesi sna@y hoflr) t Be ke tbenperaty e é&nn%ﬂé@ialt%( OfyAPI o1 8aRraf wWaters
degr ees centlgrade and equal to or less than 2 degrees centi grade.

[0049] ContpOtaPioffnid CHE@oNe (ddtedase ofsdiie-d ithdt mewRuReses

net hod, the mtnil conponent may be reduced by a nethod invol ving 15

r edug nglrﬁ@ﬁdélr@ﬂrﬁh@fgﬁahﬁi agd Xredt alyisinlised iRt d SRt ReSIS1ized at
| owering the reaction tenperature durlng the reaction with the acid

catal ysta eompephtiing blie 40nldegHeals WRirGhilgdadeext ractipnsgiuthen of the
phenol resin obtained by synthesizing, or the |ike. As the nethod of
control Ipmgné he-emirecul anivei 8 o cRtitratkiconi saadpaPetarc 28 €64 egt/ml
having a low solubility to a phenol resin such as toluene, xylene or
the |ikeidspadgedetio aa phepahplasiahd othél pheadkonedisn i ssedaedfBmaan
pol ar sol vent such as alcohol or the |ike, and the

injector of about 50 to 150 pl for the measurement. For the analysis

the

15 of the sample, a calibration curve produced by the use of a
monodispersed polystyrene (hereinafter referred to as PS) standard
sample is used. The calibration curve is obtained by plotting the
logarithmic value of the molecular weight of PS versus the peak
detection time {(retention time) of PS, and making a straight line

20 using a regression equation. As the standard PS sample for
producing a calibration curve, there are used Model S-1.0 (peak
molecular weight: 1,060), S-1.3 (peak molecular weight: 1,310),
5-2.0 (peak molecular weight: 1,990), S$-3.0 (peak molecular
weight: 2,9870), S-4.5 (peak molecular weight: 4,490), S-5.0 (peak

25 molecular weight: 5,030), S-6.9 (peak molecular weight: 6,930),
S-11 (peak molecular weight: 10,700) and $-20 (peak molecular

welight: 19,900), all of which are Shodex standard SL-105 series



resulting mxture is stirred at a tenperature of 20 to 150 degrees
centigrade at ordinary pressure or under pressure to separate a 25
nonpol ar sol vent phase and ot her conponent phase by allow ng to stand
or centrifugal separation, and to renové the nonpol ar sol vent phase
out of the system whereby it is possible to renove the high 24
nmol ecul a Lgh mpanen Lkssael ved din the nonp sol vent phase.
By theseégﬁggg E?§§¥ Hglgﬁggﬁt%gp ﬁéoﬁﬁn??p%ob%%%%nent can be
reduced. In caggogg t he second synthesis nethod, the mtn>4 conponent
maybe reduced by a kethod i nvol ving reduci ng the anmount 5 of the acid
catal yst used C t eact i.on, [N agtio

TR RTeREe R o A RORE. A JMEADROBRLENTH) Phay e

tenperature during t e aci d cata con i ng

t he nol e i ght i’ ' he ph resi t ai.n -
synthesigykggn%g g et?%kgiif%%g%i f%%%%trof gﬁgggngggggggoﬁgn?%4ﬁﬁﬁ$lve
respect = qgfqggp YAy | . Qr i (gﬁr

netﬁggs %gﬁk%gd%%ﬁ%?%gd 0 co%?%ol ?ﬁgig%%%oﬁgﬁpﬁéﬁgggéﬁnt ggk%FEteCted

control l jpgst hg /¢ T2 t = ; e
be increagg% éy/avkggﬁgg Fﬁ%éﬁgﬁﬁgqﬁgyﬁé ggﬁggﬁ?%%ég%%% ﬁggﬁgﬁo?%?Ea%he

i ncreasi g8 bheed SnAL X pE/ oA e NAPIIAOI S ithd hefdditti Y MBS (m,

net hod, using the second synthesis nethod, increasing the m xing

amount ofy fas pebdebydesnka, t Qﬁds%egpecﬂ%h?@h&sn%h%e epct bR alsid®ment

[0051] In the resin conposition for encapsulating a sem conductor 20

of the pé@éwtdmnhhe@eb?tf@pmw@ @geny %d@&%dtsﬁﬁa?%@ti@%ht'iﬁied.
the ranges in which the effect by the use of the aforenentioned

phen@ resrthéMots, Nehei MRAEASHLyTRELEYS bﬂgrégﬁabt\ﬂﬂécbem he ysedher
together is not particularly limted, and exanples thereof include a

pol yaddi déo8rhyped csi tBcagentend gatabyshab¥peaibing 25 agent, a
condensation type curing agent and the |like. [0052] Exanples of the

pol yaddi ti on type3guri ng agent include 25 polyam ne conpounds
cont ai ni ng di cyandi am de, organi c di hydrazide and the like; acid

anhydri des contled miekd navisystityaci dhagnatidldeestuah(msis preferably from
hexahydr opht hal i ¢ anhydri de, nethyl tetrahydrophthalic anhydride and
the |ikel.@ndoa? obratiPe- accd aobydprdEesubhyasrbmt Li Gekbi %i.6 dPa-sec and
anhydri de, pyronellitic anhydride, benzophenonetetracarboxylic acid

and 1she pakeicpbdyphenod faaipbpfdonsAch @&s 4a ndeal aect ypecipheralsurement
resin, a phenol polyner and the |ike; polynercaptan conpounds such as
pol ysul foflethe hi©@Bstiescoshtpebhell S&ndetheeki kentigeeyanat @heanmbendewer
such as 10 isocyanate prepol ymer, bl ocked isocyanate and the |ike;

and or gabhiriacifdshsuthl &3 seosatlyoky Widthdc the atcaienkaggpel tlesttarability
resin and the like, in addition to aliphatic polyam nes such as

di et hyl exed r f baaeresisbahgeenét heamereén mempogykjbenbdicamenexaed lent .
the like, and aromatic pol yam nes such as di am nodi phenyl 15 net hane,

m pheny| @nddiaagitiher diead nedepheny |lupkef diaidndst wethikethg G088je range,
Exanpl es of the catal yst type curing agent include tertiary am ne
conpundshe uthodsbbbhzy| Heaemnhg| anraelent4 6-tris

[0039]

A method for synthesizing the phenol resin (&) used in the
present invention is not particularly limited. Examples of the
synthesis method include a method involving subjecting an

25 alkyl-substituted phenol compound, a ﬁaphthol compound and
formaldehydes to polycondesation under an acid catalyst

(hereinafter referred to as the first synthesis method), a method



20 di met hyl am nonet hyl phenol and the |ike; im dazole conpounds such

as 2-nethylim dazole, 2-ethyl-4-nethylimdazole and the |ike; and

Lew s acids such as BF3 conpl exes and the |ike. [0054] Exanpl es of

t he condensation type curing agent inclife phenol 25 resin type

curing agents such as a novol ac type phenol resin, a resol type

phenol resin.and the Like: urea resj uch rea fesin ont.ai ni.n

D ethyl Shvgraane’ Sad nef ind BT LERn B fER T AR SR PR e
cont ai ni . gr. o 0] : g S I r ahl.y.

used ar eggh@%g%?;?églgkl%pgggﬁ%i%gé%asgle%t%a?ar%he%\}ﬁeo\%peoﬁpr?teii (;%'fdaata{tlorl ot
bal ance resi st , i,.stur j st e, .electri .
characteﬁ?gﬁ?%égggﬁpggﬁ#?t€€£§tSggggyg%agﬁr%gikhn h%olfﬁe%o%%gnsatlon
phenol 1 efLPol ¥RE:CH! 108 AERt:d Sl el QoRBAAMEYSenOL1 GOBIRANT and the
pol ymers having two or nore phenoli c hydroxyl groups in one no ecule.
The |l e r i 5y%§ : I r he f :
partirggul g? § I :’)ﬁ% 1 lgz;rrp gggr gfﬂét E%ggﬁgﬁ%r ?lgés)ia}]@{@péehoécaulﬁrsn% thouse
agent inglude,peyel agyt ¥Re J8Hds SUG Asc & phene! r&ﬁﬂféﬁ hEAbRerd and
cresol novolac resin, a naphthol novolac resin and the |1 ke;

pol yf unchhonah-phgpal £,9$hB% SUGAY By MPLENY) SBEhanSttYRPEtRRENRAhder
resin and the |Iike; nodified phenol resins such”as a terpene-nodified
phenol resifice@ $BediG6¥€l opent adi ene-nodi fied phenol resin and the

|i ke; aral kyl type resins such as a phenol aral kyl resin having a

phenyl ene skel eg@po@nd/ or a bi phenyl ene skel eton, a naphthol aral kyl
resin having a phenyl ene skel eton and/ or a bi phenyl ene skel eton and

the dg ke; and thesphgiihCoERapadnas s mes drshendriA 1bhgpBeNgs ong as
and the like. 20 These nay be used singly or may be used in

conbi natienhgé Lwerphcttre KiBHSthABDBget A9geoxplefenapl ¥ suseddaeto a
t hose having a hydroxyl equivalent of from90 to 250 g/eq fromthe

Vi ewpoi nhaphteareRe! ridg, [ QR86Ex2Rhphes sHeheBEhehcCUHENG-AERALSH0AKE such
used together, the mxing ratio of the phenol resin (A) is preferably
equal toasrarmaghthab, S5%mbyhyBss-naphehplef grabkyyequahapbtaolyore
than 60% by mass and 27 particularly preferably equal to or nore

t han 70% byetlags+1baseAtholf he-hetalkleurhaghagent . 7Whenhi/Ne 1rnsbhghol,
ratio is within the above range, the effect of inproving flane

resi st angemandy 5ol deaphesbs| aferettaybelanhprvad lywhBl-rerbydt-a-napithol,
excellent flowability 5 and curability. [0057] The lower limt

of the ratmetbflt+hengphthglagépi-domehbyiesirnapbiposition i s not
particularly limted, but it is preferably equal to or nore than 0.8%
by mass and-dometpyéeférabphteqlal 2 6, 8rtmometh@lthanaphb¥oby mass,

based on the total resin conposition. Wen the lower limt of the

m xi ng rat bodisethyht-h-nhphbhole Radgdimethfiicilentphkbwdbi ity may be
achi eved. Meanwhile, the upper Iimt of the ratio of the curing agent
in the rgshatkphpdsphennls-naphpheli cdkaekthyli-gi-estylbdt-ngphitol and
preferably equal to or less than 15 10% by nass and nore preferably
equad0 t otle liéke:thand Bonbphihhess BushdasnPBthephsbhal,resin

conposition. When the upper limt of the mxing ratio is within the
above rahg@TdéxéértehvtEgnaéhthééP@@aﬁc@lwaﬁ-béxﬁéhﬁe@é@hthol and the

like. BAmong these compounds, preferably used are o-naphthol,
B-naphthol and 6-hexyl-2-naphthol from the viewpecints of high
yield and high reaction rate in the synthesis of a phenol resin.
25 Furthermore, for these naphthol compounds, the raw material cost
is cheap and the reactivity with the epoxy resin is excellent.

[0041]



[ 0058] 20For the resin conposition for encapsul ating a sem conduct or

of the present invention, there is used an epoxy resin (B) containing

at | east one kind of epoxy resin selected fromthe group consisting

of a triphenol methane type epoxy resin!®a naphthol type epoxy resin
and a di hydroant hracene type epoxy resin. Preferably 25 used are a
triphenol neth e e L s'n 8ROX resi .and a
dlhydroanthracgﬁg %%ggleggéét%gg%ﬁ f% E e VI Wé%%nts 0 tef &l ﬁg(iarly

Cr e Wi PEAlad S3sL 2095, 50! 10k ASSLSLA0GE AL 2 £0R) RS s cuene

nol di ng proper phéno ane poXy “resi

s prefeggble fEAM bNeyxi euRsEAl gogﬁt%ah ﬁ%ghoag%' 343856, ¥ Yo ohenol

curabi | ity and continuous™ no propert n pe ep

resin iseprabenable fomhne.yiennelgtsqabhi 98 8 B6AL RS ARE s

high flo rty, roant pe epoxy resin is

pref%rabﬂ;ﬁeﬁw%ggnv'@w@%églsesoénéwhb?e%er%%q%&%h efoﬂ YRYEl 6 pe

absorption ratio and | ow warpage. Even though -al ese ee K1 nds

of epoxyokegiAsdar erifX eRIdEly b shedlbn 8¢ %Bé“&fkyi h&k%@fﬁuér%t %Hf R1 in
tri phenol nethane type epoxy resin, a 10 naphthol” type epoxy resin

and a d'BHQVQ@@%P£PQ§ﬂ§mKMPQ1§pQ§YtﬁésthMB%ﬂan@&oﬂe%hﬁ%ﬁﬂ%?ﬂﬁ% phenol
compared. It is preferable to select an epoxy resin according to

prOpertI@ésiﬁqvAyeéxﬁgblasr8§b@1§eﬂEOébthaung ﬁBQ@@%ﬁ'%&bBQr%y Even
sem conductor, in addition to heat resistance and/or high hea

resi st an@l@ou&mﬂ@ s Soromst fer 18 afor emenEbLonedi hhrfea&ki nds cehsep@rkd.
resins can be used in conbination or all three kinds thereof can be

usedigat DREgdhéBal FUid hergidmyl fdapdlil WriRWROInbHethol compound, carbon
noi sture-resistant reliability of the obtained resin conposition for
encapsul atbmg atseth&oBedysbOpodNat droNanar tle HOAS, pPHfdiiGh o ehaedl Gigh
inpurities, 20 are preferably not contained in these epoxy resins as
mich as pesstbletyFremthheryspupoi ntoof tEar abivbicbyyof grsepscondugt ohre
resin conposition, the epoxy equival ent of the epoxy resin is
preferabpyefeoeniO119 boAdgleq rafed nirice Hy efer abtyofpern1b@ikatadtlon) .
g/ eq. When the epoxy equivalent is within this range, the 25

crossl i nkefeinsj tas aheacgamnpleps ddugtheofolt BRelesbn hanpogith®mliks/l group
i ncreased, so that the cured product can have a high glass transition
poi 5. PR1[ 53 he para pobe ttibnphenvhe net tiamepdyipel @poXy stasidtutseduch
for the resin conposition for encapsul ating a sem conductor of the
present thaentvonBt+sapbthpast (cul arhyphihbiledmabubepygebd) abky beedeids to
an 5 epoxy resin (bl) represented by the general formula (2) fromthe

vi ewpoi nparafcraect wibid meyhadeneogronpoUsChHD Hi iy tekepentya model. In
Exanpl es of the commercial product include E-1032H60 and YL6677,
commer ci ahiy awael abbe foorhhkapeio Epoxyt Rexd @oientadion Tathexzh2mical
commercially available from Huntsman Corporation, and the |ike.

10[ 0060] O3B ure has a high symmetry focusing on para-cresol, in which
20 methylene groups are bonded tc the second position and the sixth
position of cresol, and further bonded to the first position of
B-naphthol. In such a model structure, three hydroxyl groups form
intramolecular hydrogen bonds because their three-dimensional
positions are remarkably close, and further two bulky naphthalenes

25 are symmetrically surrcunding the periphery thereof, so that the

hydroxyl groups are hard to react with the epoxy groups with good

efficiency. That is, when the resin composition is molded, three



(R3)b (R3) b wherein, in the general forrmula (2), R3is a
hydr ocar bon group having 1 to 6 carbon atons or an aromatic

hydr ocarbon group having 6 to 14 carbon atons, and nay be the sane or
different fromeach 15 other; b is anl?ﬁeger of fromO to 4; pis an
integer of from1l to 10; and Gis an organic group contalnlng a

gl yoi 91 0nouR [O0GHL, The, nabbLigl - (uae. angsy c{g Acegd 91y LNe. coony

resin conposi encaps |ng a Ssem con e presen

i nventio rb§?§2§1g9 86&'%Eg%%&nggnghgdasbgtrg %ra%f%tg%%gu m%ﬂdlng

epoxy resin represen eneral for

of "t ho coRTREEE oML AR o B AL 5 TbrlS '78%%%%%@%‘3 Sin
P 4750 80 BB ILHn<SOIRY Sicldy avaldahles Taog DhEoreocations 2ada,

the 1|ike. erein, In the genera formil

hydr goar o ghoNg1 & hdd Nodal GL3EHON LGS Podlle AOMBLLO the sixcn

hydr ocarbon group having 6 to 14 carbon atons, e the sane or

differentofiomgash tdesi % LSnathydeagen ahom sa sl o RAHAUP of

having 1 to 6 carbon atons or an aromatic hydrocarbon group h

to 14 carRonRIAME; p ésh’éléﬂs'd‘ﬁ %@%btﬁfalfeh%@ Ps1%uP; tHré@%id:%ﬁP%%Bups
i ndependently 10 an |nteger of 1; is an organi ¢ group

cont ai Ni ge a Gy éﬂllj/ gawgeds@afi?»lmd the TB%oQbﬁ%ﬁE%HEBr aegpect-y¥pe ot
epoxy resin used for the resin conposition for encapsulating a

sen condugh D51 ©fng heupi £§eate 19e58VEAELQBNESaMPt aRakbipHk8Hl Yo the case
limted, but preferably used is an epoxy resin (b3) represented by

t he wenewial ck s ditth acfd3of romdded vi ewpal Hesoft | AW vt ebnahsierRld ehat a
property and war page. Exanples of the commer ci al product include

YX8800 cesdEsd Cambysavabhakl:adriens)apancbpexyiuBesi mdddind t¥ro@@bty is
the |ike. 20[0064] 31
obtained. Furthermore, from the viewpoints of the aforementioned
model structure and an increase in the content ratio of the
(m,n)=(2,1) component, it is preferable that hydrogen atoms are
15 bonded to carbon atoms at the fourth pesition and the sixth position
of the alkyl-substituted phenol structure.
f0042]
The alkyl substituent of Rl in the general formula (1) is a
hydrocarbon group having 1 to 6 carbon atoms, and examples of the
20 alkyl-substituted phenol compound bonded to the second position
(ortho position) of the phenol structure include ortho-cresol,
2,3-gylenol, 2,5-xylenol, 2-ethylphenol, 2-propylphenol,
2-butylphenol, 2-pentylphenol, 2-hexylphenol and the like. These
may be used singly or may be used in combinaticn of two or more
25 kinds.

[0043]

Meanwhile, when phencl without containing an alkyl



wherein, in the general forrmula (4), R6 is a hydrocarbon group having

1 to 6 carbon atons or an aromatic hydrocarbon group having 6 to 14
carbon atons, and may be the sane or different fromeach other; dis

an integer of fromO to 8 s is an inteffer of from0 5 to 10; and G

is an organic group containing a glycidyl group. [0065] In the
resin co Ltion_for capsul ati ng a.sem conductor, of the present
inventiO%BB%#%%geg%d%gﬁgeggﬁéuﬁgf 5E&Sgarpggétﬁ%¥3f%uFﬁ r %§§H@§ular
which th ct. b h fi,t e ki . of . 1h f ntiqned
epoxy 1 o3 BaE S Uhot T e B s B Lhe-peky Fds P RCARTSRAngy tne
be used Lpggsher,ddil Udesnoyolas.dype ﬁ%@%ﬂﬁlggg%eerss APNEROL the

novol ac Type epoxy resin, a cresol novolac type e resfn=andt

i ke; arf?‘lléébsi%ﬁgnsiﬁﬂ&e’éggp%éL&%% ﬁg%ﬁ?lﬁgﬁ% & %hézﬁle%j}’&%oﬁ M tion

resin having a p ene s et on, ara ype epoxy

resin hayin heny! epe skel e ap%ﬁ#% | k yp resin
hav!gb ayiigﬁgﬁg]ene g eIeton,Eggﬁgbht 0 é?g$€QI¥P§%% %pg§§%¥é3i€% not
having a,bipbeayl gne skgkat opmandffifd | Ke; &M&O&%@tﬁél N L ¥A%y1
epoxy resins; triazine nucl eus-contalining epoxy resins such as
triglycigybst socyapnupat gy 20 FRAOGEL¥La 8 gb¥mba%! (150G%aRYLaALeARRan 7,
the Iike; and bridged cyclic hydrocarbon conpound-nodified phenol

type epoxyeresivhe s4¥se@soz dteyehopentagdhese-mdifdLd pBhanplofd ¥BS acent
epoxy resin and the like. In consideration of noisture-resi'stant

reliabi lh{¥r&kyl heyreR@ey 1@8&&8@ MRS 4hQN the! SREAPSIL 8y BF ahe resin
sem conductor,” Na+ ions or 25 C- ions, which are ionic 1npurities,

are f ef esabbyi €08k dihedwkRebih asee €POXYe | 8%ichSa 3 | sasoPpseirkkeple.
From the viewpoint of curability, the epoxy equivalent is preferably

equal tocefch®te eddmphas 360tpéeqlapd egustitgeak besgit hantB@0general
g/ eq. These may be used singly or nmay be used in conbination of two

or nore konfsla[Q066hcWiae &uadtotihgto@pOXyn SiyIS gabepysghifgat Bebup,
the mxing 5 ratio of three kinds of the aforenentioned epoxy resins

i's prefefrabl oy L t@roip M eodthen HA%EY drasshit ISt er abkyl group
equal to or nore than 60% by mass and particularly preferably equal

to or noded tiren 140%.byAnass, tibased pre idraiilot alseeipaxya mestity I Brouph€rom
the mxing ratio is within the above range, the effect of inproving

10 enscel tlemt glewsoimansefi oanpoerteahdntur Bhiibhty mayohg achbewedlity,
[ 0067] The lower Iimt of the m xing anmount of the total epoxy
resin (Byurabihetyesnd monposréi pasistarneapfuthti ngsansenmposdudbar

is preferably equal to or nore than 2% by mass and nore preferably 15
equal to or nof@44hhn 4% by mass, based on the total anount of the
resin conposition for encapsulating a sem conductor. Wen the | ower
limt is wthiTPhe el kbbwibsingsienthe foBflainethe eséme cahposintilon {lds is a
excellent flowability. On the other hand, the upper limt of the

m xi ng aneunyl ofgndup t oteald epsryprlesi nofB)then 20 ke sugsitituted phenol
conposition for encapsul ating a sem conductor is preferably equal to

or |3ss ¢rapeunds bondads tandheorsegoret aremiti ayubdriloc oposessonhanf the
13% by mass, based on the total ampunt of the resin conposition for
encapsul ph¢ngl astensEehduenotudghenthnecuppel /| EnBtxvdenpeilhi A, bh&ylenocl
above range, the obtained resin 25 conposition has excellent sol der

resi st ared Yhgoé8ke néhgenrtiady e Whed gl aopheavloe esef ity pembinpigon
agent is 33 used as a curing agent, it is preferable that the phenol
resin type i@ PRF@ER AL SR tHECRY HAETesPreAPEakilYedsSdcH PRAhCrREesol
equi valent ratjio (EP)/(OH) of the nunber of epoxy groups (EP) of the
total epbx§™reRfnVi8WPRE M FuRHeR cﬁalmfé?ﬁn%owdfgszwbgféws Compbédity,
the 5 total phenol resin type curing agent is_equal to or nore than

0. 8 @nd BybAtU¥D B7S+2E3NERaA"E. SONBHOY RN GHL P BREPRALYD | s

within the aboy&bggfge, sufficient curing properties nmay be obtai ned

As the formaldehydes, a substance which is a formaldehyde



of the present i nvention, an inorganic filler (C is used. The
inorganic filler (C used for the resin conposition for encapsul ating

a sem conductor of the present invention is not particularly limted,
but inorganic fillers which are general®y 15 used in the rel ated

field may be used. Exanples thereof include fused silica, spherical
silica, ¢r .silic lum na,_ silicaon nitride, alum numnitri.de

and the %?ﬁ%%g#ﬁénpargpggggdian%Pgb of%Fhe FHOrggﬁpgqﬁﬁ IePQ%gtlon of
pref erab q re 1 tQ_or_.| ess.than

150 pr EEChere SBBY R o TG 20 Bt B 8o S aLakgrLyor 2
[0070] T, n I gaiy jlLer i r esi osjti

for enca%ghﬁgtf%)ﬁgégogsueén%b?gn uc]I or E?Ciséérfo%"% athi %%?gfl ?%‘f%ﬂ’g’d%%ﬁﬁetous
is prefe Ly: equ t an, 709 , pref e y

equal toé%?u%%§g ti%negg&ﬁggéﬁ g%, %%rf%%%egggig?gg%gdedﬁgl%?gboﬁgg the
mor e & hap., 83% by; pBSS, aggepﬁggkgularly preferably equal to or nore

t han 86@6%y nmass, based on the total anmount of the resin conposition

34 for encapsuL@@&@ﬁ a sem conductor. Wien the lower limt of the
content is wthin the above range, the noisture absorption anmount of

the cured productiiol Ao ORLA BE ¢ 63 dl CGHMR fsie%ﬁoorsy%%@%%%‘é' eltPda,

a sem conductor can be reduced, ‘decrease in strength 5 cCan

suppr ess@%as@@céﬁﬁ@?@t%&wﬁ iGUERd hedustnhavisng excellbent sphdehenol
resi stance can be obtained. On the other hand, the upper limt "of "the
content pésihenaponganisclil! | efod NekBRpLESI BSOMOShTEPOx{QE, potassium
encapsul ati ng a sem conductor is preferabfy equal to or less than 93%
by nmss,h{®Fr&xPaef eradl ¥i @uadyd@01dd £ss ik OBPdBHHRES aBEmonia,
further preferably equal to or less than 90% by nass, based on the

total ampdinheOhylheihesdmd cHEPASikel 8ANT19& EKAPSEhakeNdad be used singly
sem conduct or. When the upper limt of the content is within the

above rangenaf e ekl AQdcHRBH AaEaBROSIEt t 0 daSnExsediry. f Fowabklribye,
and excellent nolding property. 15 Incidentally, when netal

hydr oxi des sitks ha @bd ataitth Dyust hydeaxifdethaagnestusyhyeexsdacgnddt had the
| i ke, or inorganic flane retardants such as zinc borate, zinc

nol ybdat eeceand i gAY hesiieximetleotl, t he lddiel teatbel gescknbed hal ovhar @sual
used, the total anount of the inorganic flame retardant and the

af orsnens yoneds i sosfaai sotolber type2phpneferabliy wathbe tkedabo¥&amples
range. [0071] In the resin conposition for encapsul ating a

sem condtité¢ neodHf tihelpdesentnaryeenid onacadsur snghacceed eratdfutDy nmaygid,
be further used. The curing accelerator (D) has an action of

accel er abhydgo@hlar e assid nbhogpheadid anidetphesphidwepacid esdttend ike;
the curing agent, and in addition thereto, an action of controlling a
bal ance begaedn adigeabibhtas ardldgrabidi thorird agiduremgpofc phespésnate,
35 conposition for encapsul ating a sem conductor, and an action of
changi ngreua byl peopert fesiof achd, cwisethrvdduntlfaloncard etbganpkes afinc
the curing accelerator (D) include phosphorous-containing curing
acceller atetbakachnacket ganttaphosphi hbe aiketralbaebst mayt b¢ Bsed singly
phosphoni um conpound, a phosphobet ai ne conpound, an adduct of a
phosphi ner ceapodduand anqophbheatdnpoafidtwvancadagse &fingdsphosphoni um
conpound and a sil ane conpound and the |ike; and conpounds such as

1, 8- di azabi cycl®?47k, 0) undecene-7, benzyl di net hyl ami ne,
2-met hyl i m dazole and the |ike. Anong these, 10 with the use of the
phosphor ous- coit & RERBCE i h§oatESldiatothe presacdhlve ¢y abi IcomporRgRts,
be obtained. Fromthe viewoint of a balance between the flowability
and cur abPfi £9l1aBtRI prefkrapl Paiisk8 PEeRPLL-EaSE-one kind of conpound
selected fromthe group consisting of a tetra-substituted phosphoni um
conﬁ%hnd, a 15[%%%§bhobetaine conpound, an adduct of a phosphi ne

conpound and a_qui none congound and an adduct of a Phosphpniunl )
Control of the m+n<2 Component: In case of the first synthesis

method, the m+n<2 component may be reduced by a method involving



20 product of the resin conmposition for encapsul ating a sem conduct or
is considered inmportant, a phosphobetai ne conpound and an adduct of a
phosphi ne conpound and a qui none conpound are particularly
preferable. Wien latent curability is céhsidered i nportant, an adduct
of a phosphoni um conpound and a silane conpound is 25 particularly

preferab%gﬁgggg7Zhjggaﬁgggggg%F&ﬂﬁlogg%ngﬁnggﬁfaﬁfy%gw"SQHQ§¥%g$Pgrthe

used for resin conp ron encaps I"ng d seni conduc

sed. 8 resin’¢or | . |
of e PREBERLILOVANLI Ak | Nl UREPIMBIY PRGN N8R SUERAAS, cunrhesis

et hyl phosphine; phen i né an Secon

such as ggggk8ﬂ1ﬁh9%pg' I th@c{)%p QSQE%QQ%QQQ:L&hglls,ltﬁgfll’laﬁggn vacuum

tertiary osphi nes 'such as tri nethyl phosphine, triet phosphi n€,

tributyl QE?@?E&Q@ioME h@ggigﬁia@iowgr %%Hl'n%wﬂ:gquﬁ%ﬂ %yt%ee like.

Exanpl es o e tetra-substituted phosphoni um compoun

used # orrfheqfesi n.goaPOSLLi Ogafe%r%_@_@psHkéttﬁﬁg;a%i%ﬁ 5%%%%%‘1‘6%%” the

of the present [nvention I nclude conpounds represented By the genéral

formul a {Spe RityRe J’% ;eaugﬁ % mofe [NMEB)degrees cent\ﬁ’g?'é@iez?n%%qual

the general fornmula (5),” P represents a phosphorus aton éach

R8, RO apd RL01ELgRr e$eht 5N c?éﬁ?ééé Codrt 24 P4 OF RReAl k¥k t@ﬁgt&a;n%tion

represents an anion of an arond organi ¢c” aci d having, on

aromat i Ct&hP8rathrbestl one thianctioonal rgesupesel §64 84, fHiamear fvdraw py
group, a carboxyl group and a thiol group; AH represents an aromatiC

organi ¢ @chei Naytngn @8 LAt | €nél88srat shieasta onandarethipnal s not
group selected froma 20 hydroxyl group, a carboxyl group and a thiol

gr oUR Yp#&P&LSENE SF 1t tALE@REwPbiht AR LhbOBodict PRLEFENTEeAN t exceeds
integer of fromO to 3; and x=y. [0074] The conpound

representgg bygtbesgesptahrhgenubacthpokst2bnobhadi Redh heneexasp! &eight
in the foll ow ng manner, but is not

of the phenol resin are complicated; therefore, such a temperature

is not preferable either. Specifically, by the vacuum distillation

under the conditions of a temperature of 120 to 200 degrees

15 centigrade and a pressure of 5,000 Pa, the monomer component such

as alkyl-substituted phenols, naphthols or the like may be removed

with good efficiency, and by the vacuum steam distillation under

the conditions of a temperature of 200 to 250 degrees centigrade

and a pressure of 5,000 Pa, the m+n<2 component may be removed with

20 good efficiency. As the method of controlling the molecular weight

by washing with water, water is added to a phenol resin which is

fully dissclved in an organic solvent, and the resulting mixture

is stirred at a temperature of 20 to 150 degrees centigrade at

ordinary pressure or under pressure to separate an agueous phase

25 and an corganic phase by allowing to stand or centrifugal separation,

and to remove the agueous phase out of the system, whereby it is

possible to reduce the low molecular weight component (m+n<2



37 restricted thereto. First, tetra-substituted phosphoni um hali de,
an aromatic organic acid and a base are uniformy mxed wth an
organi c solvent, to generate an anion of the aromatic organic acid in
the solution system Next, water is add® thereto. Thus, the 5
conpound represented by the general formula (5) is precipitated The

compound°PERRRER, cintol Vs TR fhog BeDd 6 Btue ot 2 Brok i decon
atomi's g H}E'ﬁ@)éts%%ﬁ??dA@ﬂe%@%%%%%”Q BYLAG A YALOY L WAL A o

its arorrarc ring, 'S an an

phenol s. égf??ﬂ)l?tﬁlon utlf_'éélgpéeéa :{I %&Mg@h%’% %-:—%QQ:%%%%n%'mcar} be

may be use € resin conposi encapsul ating

seim condygh oF o8 thhea PLeseRl 'M@%ﬂ%@a Q@dﬁ%ﬁn%”&%‘“qaﬁ%@ e369488 of

by the genera erern, in th

gener5al fQEH%iéeﬁ éies c%Plft%‘iritﬁga @P%Hﬁléﬁso%l&trgcgfe%ﬁ?t prhol

al kyl grou avi n fo 3 carbon represents-a h

group; réélﬁm dtrttaeﬂ%d ofbyf ngra‘ehzglgo z?cc@f'@:bﬂ% S@Nal NLEOR a? fsdd Mas

0 to 4. [0076 he "co und represented by the general fornu
(6) is Omﬁbgﬁﬁerierdl%rﬁptaealdrﬂ Rr*a%ufu‘%tt Ji%’cﬂﬂl%ﬂaﬁr sﬂ:éatn%hastt'i%latlon

conmpound represented by the general formula (6) is obtalned

bringi ngoa $85hiAEYwPRASREEB., bhatnkSiiRelri adr 9eetfbea§qesralﬂsttthqatlon
phosphine into contact with a diazoniumsalt to Substitute t

tri-arongbhgisubatit utediphesphi pg fehea diazeni Yim@hayp sof mtata%od the
di azoni um sal t. However, the process is not limted thereto. 5[0077]

Exanfyl est &hpd her adducd eqﬁaa Hheshhb AE tERIPSUNE A AcEHENGREde HRPWRkha 1
whi ch may be used for the resin conposition for encapsulating a

sem condust &f DEsshenphessot akgresti eanktnghkdde. conpounds represent ed
by the general formula (7),
[0049]
Control of m+n24 Component: In case of the first synthesis
method, the m+n24 component may be reduced by a method involving
15 reducing the amount of the acid catalyst used for the synthesis,
lowering the reaction temperature during the reaction with the acid
catalyst, controlling the molecular welght by extraction of the
phenol resin obtained by synthesizing, or the like. As the method
of controlling the molecular weight by extraction, a nonpolar
20 solvent having a low solubility to a phenol resin such as toluene,
xylene or the like is added to a phenol resin, or a phenol resin
dissolved in a polar solwvent such as alcohol or the like, and the
resulting mixture is stirred at a temperature of 20 to 150 degrees
centigrade at ordinary pressure or under pressure to separate a
25 nonpolar solvent phase and other component phase by allowing to

stand or centrifugal separation, and to remove the nonpolar solvent

phase out of the system, whereby it is possible to remove the high



R11 O

(7) R12 Rl<r% R15 10 OH

wher ei n, i nt hegeneral formul a(7), P representsa

10

15

20

25

24

molecular weight component dissclved in the nonpolar solvent phase.
By these procedures, the amount of the m+n24 component can be
reduced. In case of the second synthesis method, the m+n24
component may be reduced by a method involving reducing the amount
of the acid catalyst used for the second stage reaction, lowering
the reaction temperature during the reaction with the acid catalyst,
controlling the molecular weight by extraction of the phenol resin
obtained by synthesizing, or the like.

[0050]

Contrecl of m+n=3 Component: With respect to the m+n=3
component, various aforementioned control methods may be combined
to control the component. As a method of controlling the (m,
n)={(2,1) component, the (m,n)=(2,1) component may be increased by
a method involving using f-naphtheol for naphthols, increasing the
mixing amount of naphthols in the first synthesis method, using
the second synthesis method, increasing the mixing amount of
formaldehydes in the second synthesis method, or the like.

[C051]

In the resin composition for encapsulating a semiconductor
of the present invention, other curing agents may be used together
in the ranges in which the effect by the use of the aforementioned
phenol resin (A) is not impaired. The curing agent which may be
used together is not particularly limited, and examples thereof
include a polyaddition type curing agent, a catalyst type curing
agent, a condensation type curing agent and the like.

[0052]

Examples of the polyaddition type curing agent include



phosphorus atom each of Rl1l, R12 and R13 represents an al kyl group
having 1 to 12 carbon atons or an aryl group having 6 to 12 carbon
atons, and may be the sane or different fromeach other; and each 15
of R14, R15 and R16 represents a hydrog&h atomor a hydrocarbon group
having 1 to 12 carbon atons and may be the sanme or different from

cach ongbs, B 300 R, TR0, 90080 20, 88 e LT ELLLON  pinso
adduct Q%U§QQQ9%BH1 ea%BEPQHHgd?QQeQ 885 Qﬂﬁﬁﬁﬁes S%g%ifgtéé¥ﬁ anhydride

unsubst i aromati Cc ring-c al ni ng

tr'phenngQRSQQ'ﬁ?pﬁﬁgaﬁgghkxgﬁﬁsnghhﬁﬁ?iﬁ@'n thyl tetrahydrophthalic

tris(al koxypheny trinapht o$phi
tris(benzytyahesphing ead Lheel i key agﬁmaﬁgcpggiahb%%ﬁdEﬁﬁ%a%%bﬂga%”

aromatic rihg su stltute an al group of an aFkoxy grou

Exanpy esy pinLhe; i &yhng QHEdé”ngESméhE?EXc%ﬂH@d‘r%‘e‘Jde al kyl groups

having 1 to 6 carbon at ns and oXy groups ing 1'to 6 carbon

at ons. FEQH&&EHeMbE&@QtPEcQEb8Q§Xlé é&%ﬁ'éﬁh'%hé lE&%feE%9§§h%§%q i's
tri phenyl phosphi ne. [0079] Exanpl es of the quinone npound

used forc-bhgcoaddsclueh éspBOﬁBObﬂgcCQQBQUBHeEBQ %eQthoaepB%ﬁBquﬁglymer
i ncl ude o- benzoqui none, p-benzoqui none; ant hraqui none$ and t he

Among t hggsg, B piﬁsnzgayyﬂeeeapﬁaﬁr@Bﬁbaahasfgg@htaé ﬁb@@@gﬂﬁﬁd%f
storage stability In a method for producing an adduct

of a phO@I@Dbé‘@t@@ﬂD@HDQe@HQraaﬂdl fRBe1¢RBEPOYBdcyaRafbdaBhpobetll 8ith as
phosphine is brought 15 into contact with a benzoqui none In a sol vent

t hatigcani gbsghyee bpt8pbhegmerganieckent i abyyaRasehkAe and thee; and
benzoqui none and m xed to produce an adduct thereof. Any solvent can

be used @bgaRiNg aasddheusdl a¥id thypekylihe ad@ctohPaiNen§Pol8Esticsr resin
| ow. Exanples of the solvent include, but are not limted to, ketones

such as agetone 2O0xandifeshyltebhytoket opratIBepeoypatngdsr epeasant ed
by the general fornula (7) is preferably a conpound in which each of

R11, Rl2dasthiRlSnbontedihe, atphesphdenstatemmisea pheaykydyodpedatthine
each of R14, R15 and R16 is a hydrogen atom that is, a conpound
producedahy aldeli hjpk@p dnd- beamagiucnpotyandntsi phehybphdsphinediphenyl
because the el astic nodulus during heating of the cured product of
t he wesimecioapesi h+pohefipi epadaprihal | dgamisediphadydt enldaneband the
mai nt ai ned
like.
[0053]
Examples of the catalyst type curing agent include tertiary
amine compounds such as benzyldimethylamine, 2,4,6-tris
20 dimethylaminomethylphenol and the l1ike; imidazole compounds such
as 2-methyiimidazole, 2-ethyl-4-methylimidazole and the like; and
lewis acids such as BF3 complexes and the like.
[0054]
Examples of the condensation type curing agent include phenol
25 resin type curing agents such as a novolac type phenol resin, a

resol type phenol resin and the like; urea resins such as urea

resins containing a methylol group; and melamine resins such as



40 to low | evel s. [0081] Exanpl es of the adduct of a
phosphoni um conpound and a sil ane conpound whi ch may be used for the
resin conposition for 5 encapsul ati ng a sem conductor of the present

i nvention include conpounds represented2®y the general fornula (8),
wherein, in the general formula (8), P represents a phosphorus atom

S| represehls;fesilioan abom. each of [REf, RIS, A0,R19 and RO -
represents-an-organi ¢ group having an aroratic r|né)or a heterocyclic
ring, or an aIkBng'c group, and may be the sanme or different from
each other; X2'rs an organic group that bonds group 12 to group 13;

X3 is an organj o] at u g 5; }_a 3 .
each representhgogéoggeggfnggg%ggﬁggglgs%éokgﬁ-%@%@Pﬁn&eéagug$p£ curing
rel eases peat en2nd gr.ol - r j a I |4 r

| Frked i RT Re T B SR RO G e fdn bl pREaT TEaE, SRS dltte,
each  eppgseRhrd 0hA ol where POt 0BndenaLig giaup [ eheasas dy,
proton, and group 14 and group 15 in the sanme nolecule are Ilﬁke

with thesgbbhoanahom Loy Lo 28 pehel ahe et We%ir?@y%%dcn%%ir‘é%%gent

be the sane of different” from each ot her; 14 and

the sanme,geedif fer eindng eashi Qthers and %Joéiy%l&% %m% 8F8YBr more

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

group. [9R8Rb1ié1nh droxyl%@ﬁ’ﬁb%siﬁf oR: "molé@u1B19 and ReA ddnithe weight
general formula (8) includé a phenyl group, a nethyl phenyl group, a

et hoxyphgayY cleRulard SWyEioxyrhearbr8b8URred MPNHAYLi 80PHPIyA 1imited.
hydr oxynapht hyl group, a benzyl group, a nethyl group, an ethyl

groum anxampub¥loMteePehénal FeiGt y}ypgr@@hpin@ GO RAXY 1dar 0ok BRE type
the |like. Anmong these, nore preferably used are aromatic groups

havi ng arsybsti WAt agng pHSHEB tidwd Btk aFdiBt | G GRS S 1% &esin, a
phenyl group, a nethyl phenyl group, a nethoxyphenyl group, a

hydr oxyphepith@l oudvo Bad e odey raRht Ayl 1 groppengrimer 1 okel gHd083ksins
Meanwhil e, in the general formula (8), X2 is an organic group that

bonds greuph¥d o giEhen B mebShainkat yye phkdrics 28s0hga eher Dlipe § aldified
bonds group Y4 to group Y5. Each of Y2 and Y3 is a group formed when

a protonphenali ngeginsp fetikases a preirgenatbdirfilgd Y115 ysdup  a
Y3 in the sane nol ecul e are bonded to the silicon atomto forma

chel st e dicuclopent&dieharhpdi€ael mHendl ardiYbansd theglakp ;farakidyl type
when a proton-donating group releases a proton, and group Y4 and

group Y5resithessammaa etehelaneabagdedes dnt v snd i & @heatydrarteo skerlmton
a chelate structure. G oups X2 and X3 nay be the sane or 20 different

fr om eacandf bera aiphemnplpse Y2ke X3t oiY4 anmbpis-naly e tiel saneirohaving a
different fromeach other. Each of the group represented by

- Y2- X2- YBhenpdenhes kg eipon eprd’'sentddi blyevdla@e ¥oe et arhengehbeal ike; and
formula (8) is a group fornmed when a proton donor rel eases two

pr ot ons. bEgahphes efmpdiengs gtiom denbisphenhaded cdtisghisinolpyr agdl ot 1ike.
25 1, 2-di hydr oxynapht hal ene, 2, 3-di hydr oxynapht hal ene, 2, 2'-bi phenol

1, 1' 20 - Phaaphnapl be sas¢d v ivubyier mMahyelk 0ged-imaseniving tdgrg of two or
3- hydr oxy- 2- napht hoi ¢ acid, 42 chloranilic acid, tannic acid,

2- hydr ox§9EfAz Winglscohofmong 2 thpsicohaxesierif b 1y 1ugegr gdnedhi@tse having a
glycerin and the like. Anmong these, nore preferably used are .

cat echol hydroxyi hoardxghapht fél Eremadd 20 2 Kk o EaapHimvEmepoint of
5[ 0084] ~In the general formula (8), Z is an organic group
havi ng afu&RBi&iFE-ring or a heterocyclic ring, or an aliphatic

group. Specific exanples of ZlI include aliphatic hydrocarbon groups
such as a neth§@06§bup, an ethyl group, a propyl group, a butyl

grou 10 a hexyl group, an octyl group and the like; aromatic o
hydr®car bon gr@%%% %QEﬁ:%E@%¥;9ﬂ%%ﬂg GPGTHS 8rBen3§ P IRpICH Adiphfiyiing

group, a biEhengl ro aqp the |Iike; .and organic groups having a
ratio of the plienol resin (A) is prefé&rably egual tc¢ or Tmore than

50% by mass, more preferably equal to or more than 60% by mass and



15 these, nore preferably used are a nethyl group, an ethyl group, a
phenyl group, a naphthyl group and a bi phenyl group in view of

i nprovenent in thermal stability of the Peneral formula (8). [0085]
In a method for produci ng an adduct of 4’ phosphoni um conpound 20 and
a silane compound, a si | ane compound such as phenyltrinethoxysilane

ot hanol BF A R TAEA Y aRe R P EaT ViRt S B btk i ot de T iosed
sol uti ongls. dﬁgﬁgﬁoe\a&ggg EER0 URSE SHEYKLO0A! 2091 i witnin the

tenperature. Furt ion prepare sol'vin

tetra-su u ho. o) ‘ gngﬂ ﬂng% i

brom de ?%B{rfr%t}% ? i?\ﬂgd%]/faﬁ%%Piaéf glﬁnoﬁ%&glr?%vé%ﬁ to resu %{h%g sdlder
reactlon 4 b9 s
pr eci pi tafgé@%?%%%q@%’ PreePher S i e LACRLAFRRADTIR Lo Touahidiey
withatgry apdabhentdgried in vacuum Thus, an adduct of a
phosphoni um conpound and a silane conpound is produced. However, the
method is not rppsyed 5 to this. [0086] The m xing ratio of the
curing accelerator {D) which may be used for the resin conposition

for encapsul at THQ BoweMGaNuUeEofhOfr 4the Breseltc MRNbl@A L $n the resin
preferably equal to or nore than 0.1% 10 by mass and equal to or |ess

than 1% B¥mpBsstibasesinen pder 1Bl rl @iikiGRMOBLHE AN s\WeDrd PE1y equal
m xi ng amount of the curing accelerator (D) is within the above

range, subféeimite ciHabid.igdey dndaklsonali hbty pBYrOLaBLH &yesh (DWW hore

15The resin conposition for encapsul ating a sem conductor of the

present thyent joh Fukrkker, pabkai b8 theyMeUNdecEh EBmPbELHianhydnxylche
group is bonded to each of two or nore adjacent carbon atons

constit utbRgran iatiamebEc tHengmihengi nafies nef afiesid otas tdove range,
conpound (E)). Wth the use of the conpound (E), even when 20 a

phosphor gisf £ 001 ah bi Figweilyi N yee 18 atcdri ewieldhoMedram g | ahengypds Limit
used as the curing accelerator (D) for accelerating a crosslinking
reacti onobetheerathe gphertod dwsing agerihe reptey Me@Sim cdip® giadein d not
of the resin conposition during the nelt-kneadi ng nmay be suppressed,
so that pastabtltiaregi himbdhpdsi buonit ofs gnoapstdaly ngnbl & o or less than
sem conduct or can be obtained. Furthernore, the conpound (E) al so has
an elfsf ect 0dfbyemaeasanmy mdre peletf enaddgsetipadf toherrbsss Chempdsd tiyomass,
for encapsul ati ng a sem conductor and i ncreasing
based on the total resin composition. When the upper limit of the
mixing ratio is within the above range, excellent solder resistance
may be achieved.
[0058]
20 For the resin composition for encapsulating a semiconductor
of the present invention, there is used an epoxy resin (B)
containing at least one kind of epoxy resin selected from the group
consisting of a triphenol methane type epoxy resin, a naphthol type
epoxy resin and a dihydroanthracene type epoxy resin. Preferably
25 used are a triphenol methane type epoxy resin, a naphthol type epoxy

resin and a dihydrocanthracene type epoxy resin from the viewpoints

of excellent curability, heat resistance, soclder resistance and



44 flowability. Exanples of the conpound (E) include a nonocyclic
conpound represented by the foll ow ng general fornmula (9), a

pol ycyclic conpound represented by the followi ng general formula (10)
and the |ike, and these compounds may h&e a substituent other 5 than

t he hydroxyl group, R24R22 R23 wherein, in the genera
formul a . n 5 is r ox rou en n
R21 and %tfgaéu%yﬁ?g% glql?%g e he o% ‘%/Tidtsl% ]Ih?/lg’r oggcnr enoola%e%hane

e i i g SR L T R
b h

aher e E“?.@%l?ﬁéﬁéske?% Scr%%“ﬂ?%s oo e ﬁgﬂ?%ﬁpﬁét&"

hydr oxyI ngﬁﬁ’ég? %x?/f ﬁg%? ?%%e'r%bﬁehff]&?xcﬂe 9&8&4?01}1@% of high

other is a oxy group or substi tuen

than 4 h%@a@&t&%s@mananﬁlsﬁ%maﬁﬁtﬁém@% Qi rﬁ%’céée Rype

hydr ogen atom a droxyl group or a substituent ot er t

hydr oxyl p. E%ghpogg] f c u
represen?ggg y]ihe 45 géﬁﬁﬁﬁ&éﬁﬁéhﬁéﬁf%?Pﬁﬁc%ﬁégﬁgggg%ﬁoP% high heat

pyrogal | gbsigabht€ agih WBaldd Capeh o e86.T $athd Lhe rldjn?rdré(ﬁﬁéé‘és Even
Exanpl es of the pofycyc | ic conpound represented by the general

fornul a {A8hghnel Vdd bl tArRRAK OXYBAPPd 8N@esins are excellent in heat
2, 3- d|hydroxynaphthalene and 5 their derivatives. Anmong these,

pref er ablys usesnks, acEOPLYRE iH N Eipredydn@etar® aupd Shanded dia, a

each of two adjacent carbon atons constituting an aromatic ring from

the 0 ewpobthof ©ASY pRRty eksoh dh@wabiihiviycan@hetkabiel t{¥e epoxy resin
Furthernore, in consideration of volatilization in a step of

kneadi ngwhabriged® peeferahty UsesbmsaedonpOUNG e fihalde &Rt an
nucl eus, a naphthal ene ring which has low volatility and high

wei ghi ngepéapi | téyin | nnddvsdomge, td heoeppaiigs (Hed@rd® for a resin
specifically, for exanple, a conmpound having a naphthal ene ring such

as 1, 2- dtduatls ok hephidmakareps2,13+dnky 8roaeayinagtdiet @ne ianddibeienlo heat
derivatives. These conpounds (E) maybe used singly or may be used in

conbi nattreniefatew andyare kigds hdz0088¢sistance. Two kinds from the

15 aiforementioned three kinds of epoxy resins can be used in

combination or all three kinds thereof can be used at one time.

Furthermore, from the viewpoint of moisture-resistant reliability

of the obtained resin composition for encapsulating a

semiconductor, Na+ ions or Cl- ions, which are ionic impurities,

20 are preferably not contained in these epoxy resins as much as

possible. From the viewpoint of curability of a semiconductor

resin composition, the epoxy equivalent of the epoxy resin is

preferably from 100 to 500 g/eq and more preferably from 150 to

210 g/eq. When the epoxy equivalent is within this range, the

25 crosslink density of a cured product of the resin composition is

increased, so that the cured product can have a high glass

transition point.



The m xi ng anount of conpound (E) is preferably equal to or nore than
0.01% by mass and equal to or |less than 1% by mass, nore 20
preferably equal to or nore than 0.03% by mass and equal to or |ess
than 0.8% by mass, and particularly pref®rably equal to or nore than
0. 05% by mass and equal to or |less than 0.5% by mass, in the total
anount of the rﬁégg conposi tion for encapsulating a senlconductor
When the | ower of the m xing amount of the 25 conpound (E) is

within the aboi{‘ﬁ% g%ﬁh?hg ﬁ%%ﬁgkeOE n%%& gr%‘éf}l Gls8 FoQWe S ggsin

viscosity and e resin tion-tor encapsula

a sem COQQH%BQ&HBM racﬁhéé(ggul%gﬂ%ﬁm' d Bz ndé{?wh&?e SHPPEL e | S:r}[.]etsent
of the m Xi'ng anount npoun E) is MA e above Tan

there i Slh{?éﬁtEBﬁSJfQ xh £ Yo b A8 8L 1 O é’d”a&lé 6}9’ ?é}dakﬁ%}‘ﬁié?e‘bo‘i% an
nol di ng property o e resin conpos or enca ati ng

sem Gondugt ey Pésfﬁ”%ﬂﬂ féﬁf@eﬁ:’c@é for E‘d;] erd&fd 0"%&1%{{}1%{ a(tz'dr From the

[0090] e resin conpositio capsul ating a

sem condyfé%o%tgh%fprﬁﬁacnéuwyfﬂiwnan Orcc;rh_%.rﬁwlpé)sﬁoﬂfilﬁgpg F)'%Q‘ty.

adhesi on between the epoxy resin and the |norgan|c filler i ng

agent 10p{Bp1RYy bHe i thamaddet As,dhe couplidy EaQ.WZI—KG@ and YL6677,

preferably used is a silane coupling agent. The silane coupling agent

is not paskh&HtfalYyldvH 181 AR RXAPARSESAIEF @R innebUda.td. , Tactix742
epoxysi | ane, am nosil ane, ureidosilane, mercaptosilane and the like,

and it neymBEerany1 opeavhi thntansbem! gagtefanl caehsraei waeNaal epeXYike.
resin and 15 an inorganic filler to inprove the I nterfacial strength
bet wgen the eppxysogsin and the inorganic filler. Furthernore, when

t he coupling agent (F) may be used together with the aforenmentioned
conpound (E), theogouypling agewt enhances the effect that the

compound (E) redytes/the nelt ¥ sgosity of the resin conposition 20

and i nproves fl cHl H Exanpl es of the epoxysil ane
i ncl ude y-gl yci ropylitri xysi | ane,
y- gl yci doxypr offpb t r ilmet $Phbane,/ 25 (2)

y- gl yci doxypr opyl net iyl t hoxysy|lane, 13- (3, 4-epoxycycl ohexyl)
et hyl tri met hoxysil ane @and tRA® 1ikKe. [0092] 47 Exanpl es of the
am nosi |l ane i ncl ude y-am nopropyltriethoxysil ane,
y-am nopropyl twhaemet hoxyisi teeeneral formula (2), R3 is a hydrocarbon group
N-f 3(am noet hyl ) y- am nopropyl tri met hoxysi | ane,
N- p( am nozt tyd )l tamtnoprlopy |ateinyy lodi st Aiosyst i aneydBocarbon group having
N- phenyl y- am nopropyl tri et hoxysi | ane,
N phenyl § - i Mo praopydnt ra trethoxarsd Imene be the same or different from each
N- p(am noet hyl ) y-am nopropyl tri et hoxysi | ane,
N- 6-X5ani eohexry 1) 3iandmoiropyet ré freftwxysitade, p is an integer of from 1
N-(3-(trimethoxysilylpropyl)-1, 3-benzenedi met hanane and the Iike.

to 10; and G is an organic group containing a glycidyl group.

[0061]
The naphthol type epoxy resin used for the resin composition
for encapsulating a semiconductor of the present invention is not
20 particularly limited, but preferably used is an epoxy resin (b2)
represented by the general formula (3) having two naphthalene
skeletons from the viewpoint of the flowability. Examples of the
commercial product include HP-4700, HP-4701, HP-4735, HP-4750 and

HP-4770, commercially available from DIC Corporation, and the



10 A latent am nosilane coupling agent protected by reacting a
primary am no noiety of am nosilane with ketone or al dehyde may be
used. Exanpl es of the ureidosilane include
y-ur ei dopropyl tri et hoxysi | ane, hexamet h{? di si |l azane and the i ke.
Exanpl es of the nercaptosilane include a silane coupling agent 15
exhibitiggkghe sanme function as the nercaptosilane coupling agent by
t hermal deconposition, such as
bi s(3-triethox ébszpropyl)tetrasulfide and
bi s(3-triethoxysrlylpropyl)disulfide, and the like, in addition to
y- mer capt opropyl tri net hoxysi | ane and 20
3- nmer capt opr opyl net et hoxysi | ane. These silane coupling agents
may al so be ad A drolyzing in advance. These sil ane coupling
agents may be usedrs ngly orR¥ay be used in conbination of two or
more kinds. [0093] 25ThefidMer linit of theBhixing ratio of the
coupling agent (F) whichapysbe used for the resin conposition for
encapsul ating a sead %gg;; ot ©f present invention is preferably
equal to or 48 nore thar 0-04% by nmass, nore preferably equal to or
more than 0.05% by me8¥cand pé#i cul arly preferably equal to or nore
than 0.1% by mass, in the total anmount of the resin conposition. Wen
the Iower |inighetethe iM XKh8Gdrtdin ebrihheacopl RAG feeyd{EdatiSon group
within the 5 above range, excellent solder resistance in a
sen gONdugt OhgBEWLE BRYLEE AEhhe\adaw bhhembth eweyd AG-4 Hsorh %ﬁdﬁ@ﬂa@ling
strength between the epoxy resin and the inorganic filler. anwhi | e,
the uppeg tonid drbde £ooHd) nthagent dd)cHes Pref erakliy regealt Feddl each
| ess than 1.0% by mass, nore preferably equal to or |ess than 0.8% by
mass 10 andeparkbciukasl yyaregenabtymequahyti@oearbess girtbap Ba®%nby 1 to 6
mass, in the total amount of the resin conposition. Wen the upper
limt ofcéhigoniatong bat an Dfordtel « bypliroag ragentr &) havmd B Bothe carbon
above range, excellent solder resistance in a sem conductor device
may be astbdeyed wstdounteowar bAgEtde 0i 0 &3 ;f gearadl rshrengidh betependehe 1y
15 epoxy resin and the inorganic filler. When the mxing ratio of the
coupld ngamadgerteddr) of O wirt h} rariche iabaevecr@ages gearl tentasolidgra glycidyl
resistance in a sem conductor device may be achi eved w t hout
i ncreasi agowat er absorption property of the cured product of the
resin conposition. 20[0094] In the resin conposition for
encapsul ati ng &08edi conduct or of the present invention, an inorganic
flame retardant (G may be further added for the purpose of enhancing
fl ame resistantee dheyidnorgbhirecéhantypet apdagt re6ini sspdt for the resin
particularly limted, and 25 exanples thereof include netal
hydr oxi deempoght agnalfigd nepeayevoxt ey maghesicméydiori dd abldet peesent
| i ke, zinc borate, zinc nolybdate, antinony trioxide and the |ike.
Thes® i nbry@antEon| herenod g el kewkat by (IGmiesgd bdouls aresfianpbl wruaesy ilse an
used in conbination of two or nore kinds. [0095] The mi xing ratio of
the i norgRRKE Feahe (efhrepmresa)iqmich ermenrralsdpiorla nd)r dgiom the
conposition for encapsul ating a sem conductor of the present
i nvent i ohlfEPPERE BrabilpvefahfriP W I Mot @ AP BVAPY vaskaand Efaaples
to or less than 6.0% by mass in the total anount of the resin _
conposi t PEntNeWeATPRECHR k| REOFHEF 01BFLEAE Y KER§AnFeELRE AdeVarpdadtlable
(G is within_the above range, _

from Japan Epoxy Resin Co., Ltd. and the like.

20 (0064]

@G) % 5 )| %Rﬁ
CH
S




10 curing for enhancing flanme resistance may be achi eved w t hout
damagi ng curability and properties. [0096] The resin
conposition for encapsul ating a sem conductor of the present
invention, in addition to the aforenmentfbned 15 conponents, may
contain the foll ow ng additives, as necessary. Exanples of the

L)t TSSO, TR IR B D DE R oo

titani um oxi de an easl! ng Xanpl e

ie 2 pol SEHHIMER AP PPl o Shggo‘:*‘éﬁy SaRAILebLs IR, ilhing
salts thGrF8f1§u8§r@§nd$@@&éc Qﬁég% f Sﬁ%%?@&ﬁﬁéaéyl&qf%éféﬁ% A% each

paraffin; owstress additives su con ot l I con rubber

and the {ﬂ;{j&% |aoigagﬁclﬁ9@g§%0£@nﬂf&§ such @s ismih D¥H dhen o

and the and 1 norgani c ane retardants such as phos ate ester,
phOSQhaZ€861@ndaﬁQeG|hgeanzéEQQ%ZL group cORBafEShY GORRY: AN r%&
encapsul ating a sem conductor “of the present invention~is prépare
homogeneously x589 the 50 phenol resin (A), the epoxy resin (B),
the inorganic filler (C) and the above-stated other additives at

normal tenperatyrend!sidh @ dBnds o idherdd e 98]t % %r%ﬁnh%mm%or
honogenous m xture is nelt-kneaded using a kneadi ng machi ne such as a

hot rollgfa ko endaserad 1§ﬂreﬁ‘t’ﬁlrd4ﬂebth@3&debb§g £694 g4 dullMRd 2@ether
the m xture, as necessary, mhereby di spersibility and Tl owability may

be adj usigdi® resgjdLdn eueks. thO09BtedONBXtthd R eSBH €RAEHCEHds of the
device of the present invention will be described. In a nethod for

produci ngr ar&eeh € 08HEa ot vieea neSi d hdthempasird d; ompesidlicdcfdthe epoxy
encapsul ati ng a sem conductor of the present invention, for exanple,

t he resifecONPasidh arf be efsARIHAlHdYY 1@cae1mecaaduma@rtﬁpa di:ipldedns
by a nol ding nethod 15 such as transfer nol ding, conpression nolding,

i nj ecti osuaml ds ng shedde ddkel B i ehoaf reysimm | ead dgsate nevcd ac type

circuit board on which a sem conductor elenment is nmounted is placed

in a nol épbsayidesimheadetiye tii&eseatabhdlciyise ebexgntes snenaapstabad ethenol

[ 0100] 20Exanpl es of the sem conductor elenent to be encapsul at ed

i ncl ude andehyategoei epaxy Sredat gawioad @ iphiecegrlatred skglatidrs, & naphthol

transistors, thyristors, diodes, solid-state i mge sensing devices

and 1he ar&kkkybutypeeepokyr estsiincthedritrfreraetmhe Pl€i¢ 2b&Xahphesaobhenol

t he shape of the sem conductor device to be obtained include a dual

i n-1ine pazgkhge (MidPepoxypkasinchdeated bhppevgiener skELESD, & gaatithol

flat package (QFP), a lowprofile quad 51 flat package (LQFP), a

smal | outtahkypatikpge eP88R) resisndldvioy |4 neighé¢ratede pakkageonSeay, the

a thin small outline package (TSOP), a thin quad flat package (TQFP)

a tape chik¢er padkedreotxTomyhthabahée grivberr ®8pBGA) resighi;p sitzéazine

package (CSP) and the like, but are not 5 restricted thereto.
nucleus—-containing epoxy resins such as triglycidyl isocyanurate,

20 monoallyl diglycidyl isocyanurate and the like; and bridged cyclic
hydrocarbon compound-modified phenol type epoxy resins such as a
dicyclopentadiene-modified phenol type epoxy resin and the like.
In consideration of moisture-resistant reliability of the epoxy
resin composition for encapsulating a semiconductor, Na+ ions or

25 Cl- ions, which are ionic impurities, are preferably contained in
these epoxy resins as small as possible. From the viewpoint of

curability, the epoxy equivalent is preferably equal to oxr more



[ 0102] The sem conduct or devi ce obtai ned by encapsul ating a

sem conductor elenment by a nolding nethod such as transfer nol ding or
the like using the resin conposition for encapsulating a 10

sem conductor is nounted on any el ectrofd c devices without curing or
after conpletely curing the resin conposition at a tenperature of

about 80 2 degree entigrade oqver, _a_pekiod . of. about 10Q,.m nutes

to 10 hoﬁbg? ?ggog?e%Sépé.efu%% g%VF%MﬂFFFugéﬁaiﬁ%?a?é%ﬂﬁssggﬁﬁﬁ(ﬂ?y be
structurg.gf, a0,exgmRle gl R SQU gonduelan deyiics wy ng.d e HESIN kinas.
conposi tron for éncapsulating a sénicon uceor accor ing to the

pr esent inventigg66 sem conductor elenent 1 is fixed on a die pad 3
via a cured dié ond material 2. An el ectrode pad of the

sem conduct or I t d ]?g% ]ﬁgib ;
~of a bonding wﬁ$3ﬁ4gg§ﬁe0%%€n£c%goéu§%§% erre%f qgseelcg ercapsu ’a%lce%ée\?&ﬁt%%ng

a cured ppodycto6 eh LRe Feshd PRkt g&eﬂ%@&” %@'o% %resins 1is
senlconductor.(10104f 25Fig. 2 is aviewlillustrating a Cross-section

SLTUCLUT8r0F o RR VAL L1 Ao BrOfterotfRneHORRNINAIR] ABRLGONALAN ¢ equal

device using the tesin conposition for encapsulating a sem con

accordi ngs 92 hOrk Nen P €GN by MWLM 1014 p%rﬁﬁré&lodldlt}ﬁgiﬂéaﬂx%‘m’]} ebdad to

fixed on a surface of a substrate 8 through a cure bond rat eri al

2 on a sgldgsrd @St 7620by and 841 PAlRIBErend { Vel Hostihees9hdes) . when
resist 7 is forned. In order for electric conduction bétween the 5

sem condggs Qi el eeal ib agd,11ei s ubet 5860 Brarddie, $OIUBEFELSISE i hpIdving
the electrode pad is elimnated by a devel opi ng net hod such that the

el ecig Od@x@@!ﬂléﬁte@fp@§§dbré§$§ﬂtﬂ&ﬂ%dinﬁ hieh o @ UGt P mAeYeC @ dhl eved .
Fig. 2 is designed to connect the el ectrode pad of the sem conductor
element 1 and {hesel ectrode pad on the substrate 8 10 by neans of a
bonding wire 4. The encapsul ating resin conposition is used for

encapsul ati ng Bhé&angwanduetier e aiandgaanoned @f edect oball Sef@yedsin
wher eby a sem conductor device in which only one surface of the

substrat e8 w thhd hessencenpdyctobnefereatcdp smuat edgtdhei@dredriluctor is
encapsul ated can be obtained. The el ectrode 15 pad on the substrate 8
is interpaéfyrabbpeeyadlt ccaosohder bakh 9%:pbovinded and Mere preferably
non- encapsul at ed surface of the substrate 8 EXAMPLES [0105] 20The
present eavehttod sorewthkhudériay etkss, deissid obekhw whthl rafie@ienee the
to Exanpl es. However, the present invention is not restricted to

t hese Exaspiescomposhéibol Ifow rppdereamiledsing e semiogndnotot . of Weaah the
conponent is represented by "parts by nmass" unl ess otherw se

parti cul dewgrnotiedit 25[s0106FhThe find | @biawey plhengk,r eshas dbttaiGedemresin
used for the curing agent. 53 Anong these, phenol resins 1

and 2 coreepspohtdion hhe pemdllemgsiiliow®@oility. On the other hand, the

upper limit of the mixing amount of the total epoxy resin (B) in
20 the resin composition for encapsulating a semiceonductor is

preferably equal to or less than 15% by mass and more preferably

equal to or less than 13% by mass, based on the total amount of

the resin composition for encapsulating a semiconductor. When the

upper limit is within the above range, the obtained resin
25 composition has excellent solder resistance.

[0068]

Incidentally, when only a phenol resin type curing agent is



[0107] Phenol resin 1: 108 g (1 nole) of o-cresol (a product of Tokyo
5 Chemcal Industry, Co., Ltd.) was fed into a flask equi pped with a
thernoneter, a stirrer and a condenser, which was conpletely

di ssol ved under a nitrogen atnosphere whtl e maintaining a tenperature
at 30 degrees centi grade. After di ssolution, 134 g of a 30% aqueous

sodi um hydrgxi de salubion, edllueﬂl@rﬁrgfgggblé e Q) WARFANEL 1 £ype

dr opwW se e reac Ufl on er ea e reac 1 on

Next, 60" 5t EEmt o) P *%82 Ry AL AR BT pah oy g Mivatent
Ch I d
eact od BT Lr SERY( gﬁﬂeeh%erérﬂ?%m%?qe%ft SEP e ot E s gt o Totel

hour, angeg%gtf@&hours tq%h JERE HB ?%eﬁﬁ&?%ﬁ%?f%ééréﬂgg(&?ﬁ of the

centigra ere y a cr nethy

obt aighedg {Ther ﬁ@Lréé"ir? Eﬁ?é:tdlﬁrlr? a‘c_!fe'nc&”l‘é’aéqﬁQ?' ed (SP r@@r@'ecg{a‘%{?% 8

centigrade and 91.3 g of concentrat sul furic acid was

dropwi sezhhesflo WY be Payl nthA0 1att enfh o he Q%g%ﬁréﬁ'eﬁrﬂ 9£tﬁ.‘83§s within
whereby the reaction solution was neutralized.

nethanoltﬁ@daﬁééegxeﬁmﬂgle§af91cﬁeﬁepeheehg(%ﬁ@aayeﬁeéﬁmg'kue obtained
Chem cal Industry, Co. d.) were added to this reaction solutlon

After ad@uﬂ@@,méﬂdgngfoeoaﬁen&égaﬁdcbmgbeﬁrahehl € 0aglkd ob@aln@wl.e as

t he hydrochloric acid 25 npoi sture conponent) was i mredi ately added
dropwi se at a [@@sbdjon tenperature set to 50 degrees centigrade.

After dropw se addition, the m xture was reacted at a reaction

tenpry at ure setntthdSO- Lo efsnp & B | WA ds 1 NAHES a archildehidetor
reacted by heating at 80 degrees centigrade for 1 hour. After

conpl eti®n ohetpeesentt iftenthonr deh tackgaBYE &Alaerd (Cat dlsysised.he The
m xture was dissolved in 1,000 mM of nethyl isobutyl ketone and

repeat edl yomgshed weiblwat enc) Thasbdnmettbyl thebutrgkiket ermpplzaseopaclEor
to neutral by repeatedly washing with water was heated and distilled
under r eslucetspI #5504 e at GaremeluEidy | of sehset Wrderimnei mnehtiiseacketot
a- napht hol , whereby a phenol resin 1 (softening point: 107 degrees

centi gr aderthydroxyy etmitvatenbutldBoghegicl EilviegeoshtiyhatrES@enerally
degrees centigrade: 3.60 10 dPassec, (mn)=(2,1) conmponent: 57% by

ar eals wassedtan nete el dhar¢ld may lhstusatded iBxakpd.es3,thatidod tihelude
FD-MS results are shown in Fig. 4. [0108] Phenol resin 2: Aphenol

resin 2 fesaédeni higcpoisphedDEa Hegreesa 1 5 meritd lgrsddd,cahy drlamilna, silicon
equivalent: 138 g/eq, I1Cl viscosity at 150 degrees centigrade: 3.50

dPa. sec, ninyigle{ 22 ymoowp orert 1 ds oy har éakewasT bt mede e dilsanedagre of
manner as in Synthesis Exanple 1, except that 864 g (6 nol es) of

p- napht hohe (anproguce 5ilTokyds Gresfendblndsual, tCry naxk theas uddd pm
i nstead of 864 g (6 noles) 20 of a-naphthol. [0109] Phenol resin 3:
Aphenol 2edi adBalstbt emi dgssoitiian 106 dagr Eeencehei giaupoinygdoedxylilling
equivalent: 139 g/eq, ICl viscosity at 150 degrees centigrade: 3.60
dPas¥ec, P{ﬁ?ﬁyEYZlnyocénﬁ@hénﬁavsgybby 25 area) was obtained in the
same manner as in Synthesrs Exanpl e 1, except that 108 g (1 nole) of
p-cresol (a prb@iée]l of Tokyo Chenical Industry, Co., Ltd. ) was used
instead of 108 g (1 nole) of o-cresol. 55 [0110] Phenol resin

4: Aphenol resThe £ eRinghBol MREIABES ddgriess 1ochie gramid! aemosiion
equrvalent 139 g/eq, 1C viscosity at 150 degrees centigrade; 3.50

dPa. sec, ?ﬁ]q{)ca(@%a%@m%ﬁmlcgg%lgyor is not particularly limited, but

1t is preferably equal to or more than 70% by mass, more preferably
25 equal to or more than 80% by mass, further preferably equal to or
more than 83% by mass, and particularly preferably equal to or more

than 8§6% by mass, based on the total amount of the resin composition



5 area) was obtained in the same manner as in Synthesis Exanple 1,
except that 108 g (1 nole) of p-cresol (a product of Tokyo Chem cal
I ndustry, Co., Ltd.) was used instead of 108 g (1 nole) of o-cresol
and 864 ¢ (6 mol es) of 13-naphthol (a pPbduct of Tokyo Cheni cal

I ndustry, Co., Ltd.) was used instead of 864 g (6 noles) of 10

Phenol 1 o8FneRGRBr Ll Eings oo ot eRRRRser . BREED %&Z@&ﬁ%&%ﬁ% of the
conmer ci ébhi{iﬂgaiiéq«b%ﬁl{ é\“ BRQTL !ég}{agu %(3 Itg&e{gturg'yq{%&yr maunt

equi val ent edq, s tening poi rees cen

viscosi tyg at1ﬁ§OCQ§gﬁeQ§r&§@éﬁgEﬁﬂet% fﬂﬁQfQM§?Cre%%%?)céééﬁgltlon for

conponent: 549% by area) represented ornmul a erern

the formuhgafdd)atinkS éema%ﬁa%t%f é{n‘?'ﬁeoréa 2040.44 0112 lfﬁe%@reln)?th

resin 6: A triphenyl et hane type phenol resin NEH—7500 commer ci al

avai labl gaf msMepvasBeastd ey Ia'&@‘é%td'l'n%fl’y Ethmech}fgfae%ﬁ}ﬂlc %ﬂ@'e%%uent
97, softening pornt: 110 degrees 25 centigrade, 101 viscosity at 15

degrees §614E B PE8] sPaBc8Paasese - ob®HihOd13lon the otER? TRARY rQﬁEﬁhpper
of the phenol resin | was carried out under the follow ng conditions.

6 m of {ehiahytr okueancédHEnY as argal vebr 1@d¢%611teq: ZQnmuQé %esm

sanpl e of the phenol resin 1, and 5 the resulting m xture was

di ssol vegompés stibbeCtSd etr@atﬁﬁlqiqr@@syéﬁmeaﬁduéﬁokhﬁs %’x@fe‘é&setm@ equal

there was used one in which a nodul e W2695 conmerci al |y avail abl e

f rom Vit € soCarepes ahla@ne3%%%Wplﬂéﬁelzamyg@q&alc@b%m less than
dianeter: 6.0 mm tube | engt comercially avail able from

Tosoaiv COSEp@rbljillﬁﬁlssta\ﬂdofuﬂ:@hESKpEEEe%lﬂB bghalpebystynese @elan 90% by
colum, dianmeter: 7.8 mm tube length: 30 mMm comrercially avail able

from Toa@dnsgpr pasati @h abile atdichfieraadirad sef taet ingsimdesmb&Eltion for
detector W2414 commercially avail able from Wters Corporation were
connect eshcapsel desng Eheehbi evndate cef. therpuhp wEseO.19milt/ 8Fthd kentent
internal tenperature of 15 the columm and differential refractoneter
was set 1o “4OtHeégr ebe candvgraskge andhe masumeeniesihl utb@PoB@sSion has
injected froma 100-111 injector for the neasurenent. [0114] FD- M5
nmeasur emexntebietbe pheoedbigstn | mad caekcedlent undedd28gt heproperty.
followi ng conditions. 1 g of dinethyl sulfoxide as a solvent was

addeld t oldOideniodl iy sawpee métahehpbensglidessench, aandltuhénnesubdirogide,
m xture was fully dissolved, coated on the FD emtter, and then

subj ect edagre s hem AydSoxkdsuardehhe Askan BD- MSosyshem fflhmee re@srdants
used one in which M5 FDL5A comercially available from

such as zinc borate, zinc molybdate, antimony trioxide and the like

to be described below are used, the total amount of the inorganic

flame retardant and the aforementioned inorganic filler is
20 preferably within the above range.

{0071]

In the resin composition for encapsulating a semiconductor
of the present invention, a curing accelerator (D) may be further
used. The curing accelerator (D} has an action of accelerating

25 a crosslinking reaction between the epoxy resin and the curing
agent, and in addition thereto, an action of controlling a balance

between flowability and curability during curing of the resin



25 JEOL Ltd. was connected to an ionization part and Ms-700 (nodel
nanme, a doubl e-focusi ng nmass spectronetry device comrercially
available fromJEOL Ltd.) was connected to a detector to carry out
57 the measurenent in the detected nass3tange (mz) of 50 to 2, 000.
[0115] The followi ng epoxy resins 1 to 4 were used for the epoxy

iigi n EE%%éé%é%%%rgf'?%??éu%%ﬁ%‘tﬂfgé?28%%%%%2%’@5%%22%&%%?ﬁ%%.%xc%ﬁ of
Ltd. ; nt - : . : . B9

cent | gr aasinf i ety pEbbe9Tlls 5 LR AU, GHE S gramores
10[0117]of the Eg?g%BrgébPlgfaébg] byrEHBEUQE§EE%ggﬂ%&gﬁghggﬁt%ﬁeﬁng

epoxy resin and henyl type epoxy resin conmerci a

avai | abl t%%x?ﬁ‘ga@o%’é@&% BEShML g alrtid %fc?@?@[n&q‘ﬁ ‘éék%ﬁt—'stu%%%&tfged

g/ eq, so poi nt: 59 degrees centigra viscosity a

degr ges ' : ssgc - Si Q,3;
naphenol Y pE 2a0%y TO A (Ep- 4770, “Eomeral 3P ORer S &7 PamBrCoT 2

Cbrppraiﬁﬁ@s?EQHéYcéﬂﬁbMﬁheQBd 203u9h8He 86hEBOLAY RAI Ahguéé degnees
centigrade, 1Cl viscosity at 150 20 degrees centigrade: 0.90 dPa.sec)

[0119] phospﬁ@@iﬂmr@éhﬁo&hdAsQEh¥d§9§EBQréSﬁﬂ%uBMpﬁn@pQEé RN and
(YX8800, conmmercially avail able from Japan Epoxy Resin Co., Ltd.

epoxy eqibnsbends 383n04801, 508t 8RLBYCcPELRY 5, 110)dadeessecent i grade,
ICl 25 viscosity at 150 degrees centigrade: 0.11 dPa.sec) [0120]

Epoxy r _eéérli‘z?1dfrﬂe@ﬁ%b@m§ﬁ@,5Cﬁ—n@&%}lﬁ@nﬂd’%]@@&ﬁkﬂ #8811 KN6GrorRP these,
commercially available from DI C Corporation, epoxy equivalent: 210

g/ eqo Sofi€Emi ige PRESLHE 6’2hé|elgﬁ6§€h§§6ﬁbgbaﬁlEaihc}thbﬁﬁQﬁbt ¥cak1E38tor,
degrees centigrade: 2.34 dPa-sec) [0121] 5Epoxy resin 6: A biphenyl

type epaxyef&siibl & YX4PH9K1 icpnieychbal bytavaklabl erbnothdapaBwbBaXyY of a
Resin Co., Ltd., epoxy equivalent: 185 g/eq, softening point: 107

degrees wendh ek aAletwe&h vhecosbhiybal i1H0afageaesveentiygradee Briterably
dPa-sec) [0122]
used is at least one kind of compound selected from the group
consisting of a tetra-substituted phosphonium compound, a
15 phosphobetaine compound, an adduct of a phosphine compound and a
gquinone compound, and an adduct of a phosphonium compound and a
silane compound. When the flowability is considered important,
a tetra-substituted phosphonium compound is particularly
preferable. When low elastic modulus during heating of the cured
20 product of the resin composition for encapsulating a semiconductor
is considered important, a phosphobetaine compound and an adduct
of a phosphine compound and a quinone compound are particularly
preferable. When latent curability is considered important, an
adduct of a phosphonium compound and a silane compound is
25 particularly preferable.

[GO72]

Examples of the organic phosphine which may be used for the



10As the inorganic filler (C, a blend (an inorganic filler 1) of

87.7% by mass of fused spherical silica, FB560 (commrercially

avai |l abl e from Denki Kagaku Kogyo Kabushi ki Kai sha, average particle

di aneter: 30 pm), 5.7%by mass of synth&sized spherical silica, 80-02
(comercially avail able from Admat echs Co., Ltd., 15 average particle

di amet erregig cpoﬂ}jf snzll_jtJ?OI?Oa/q%eﬁ?%ﬁlsﬁéﬁgggéﬂagS’S'&éﬁ%oﬁ{)dgl%rtlocra!)fséﬂé Cpq:’esent

SO 05 (conmmercialTy avai average

ticle,di L e . d I i
i ng asoupaeagh, 19100k YeTml3S oy ShEiher, sngnoar eyt deeeRertior
D). j ccel t 1;. I I ; t b
the ol |1 BAFRG PP R EREL Sha" ehep i 57 S epRaRT  BEPsPRIPE] F3pH o8 &Y
0125 - oL | ok ' apLi ts:].t ;
et or REBLFPIBEnAL, A BRoBl LpRSEERURL! BCIRRL S kel Rt ciany
t= 1 Vs ' ' . KBM Lal
vai 1%abi P BB e b S E o g PhBppgL Nt B ROTERERRNE,
coupl i ngtf‘;gﬁlﬁ‘ﬁygphéfs?hﬁlﬁé90§¥P§HQM§('_‘LfnhH§fDH9%S)éS‘ah@n%héolﬁlﬁ@'\ﬁ 403,
comrercially available from Shin-Etsu Chemcal Co., Ltd.)
Sil ane coupli ngo@gﬁrt 3: N-phenyl - 3- am nopr opyl tri met hoxysi | ane
(KBM 573, commercially available from Shin-Etsu Chem cal Co., Ltd.)

15[ 0126] ExAhHTE SWP by dredde dbls3iht LOBABEBhBhk ¥nd¥dHhd A& which
from Sum tono Bakelite Co., Ltd.) was used for the inorganic flane

retardanta¢ Gbe [ @524 28farhan black (MREBsicopner£sal lonadalag a

from M tsubi shi Chem cal Corporation) was used for the coloring

agenfo. semicok@hfayba WaX (Ehiekk@lediaubai neesei akh¥1adal | abn@ounds
fromFine Products Co., Ltd., nelting point: 83 degrees centigrade)

was usedrépretder 88l dyr eheagengratefbrmula (5),

R7 +

R10—P ——R8 [A] [AH ] €))
| v
R9 X

wherein, in the general formula (5), P represents a
phosphorus atom; each of R7, R8, RY9 and R10 represents an aromatic
15 group or an alkyl group; A represents an anion of an aromatic
organic acid having, on the arcmatic ring, at least one functional
group selected from a hydroxyl group, a carboxyl group and a thiol
group; AH represents an aromatic. organic acid having, on the
aromatic ring, at least one functional group selected from a
20 hydroxyl group, a carboxyl group and & thiol group; vy represents
an integer of from 1 to 3; z represents an integer of from 0 to
3; and x=y.
[0074]
The compound represented by the general formula {5) is

25 obtained, for example, in the following manner, but is not



25[ 0128]
tenperature using a mxer, and then nelt-kneaded through a hot

nor nal

60 Exanmple 1 The foll ow ng conponents were m xed at

roll at 80 to 100 degrees centigrade. Thereafter, the resultant was
cool ed and 5 then pulverized, whereby a®fesin conposition for
encapsul ati ng a sem conductor was obtained. Phenol resin 2 Epoxy

resin 1
86.5 par

Loaganied Lk d, Butdrecle BYo0BSE: O RNA SR (8 e,

accel erator

Si | ane Cngngﬂa@QEnErﬁagi% Q%&h Q%dngs%asesgk%n%n&%%ﬁhhggnﬁg%QFwath an

10

15

20

organic solvent, to generate an anion of the aromatic organic acid
in the sclution system. WNext, water is added theretoc. Thus, the
compound represented by the general formula (5) is precipitated.
The compound represented by the general formula (5) is preferably
a compound in which each of R7, R8, R9 and R10 bonded to a phosphorus
atom is a phenyl group; AH is a compound having a hydroxyl group
on its aromatic ring, that is, phenols; and A is an anion of the
phenols.

[0075]

Examples of the phosphobetaine compound which may be used for
the resin composition for encapsulating a semiconductor of the
present invention include compounds represented by the general

formula (6),

X1)¢ _
+
P
€> ; \@ (6)
3

1) g

wherein, in the general formula (6), P represents a
phosphorus atom; X1 represents an alkyl group having 1 to 3 carbon
atoms; Y1 represents a hydroxyl group; f is an integer of from 0
to 5; and g i1s an integer of from 0 to 4.

[0076]

The compound represented by the general formula (6) is
obtained, for example, in the following manner. First, the

compound represented by the general formula (6) is obtained by



0.05 parts by nass Silane coupling agent 3 0.05 parts by nass
Carbon black 0.3 parts by nmass 15 Carnauba wax 0.1 part by nass
Theobt ai nedresi n conposition forencapsulating a sem conductor was
eval uated with respect to the following®8tens. The evaluation results
are shown in Tables 1 and 2. [0129] 20Spiral flow The resin

compos { b9 onaensAnsuLal) 0d-3pREILONTCLY, obl A DB 108 IS ueea

was injecte o a mm&uqmm’o
aCCOfda“gﬁo‘é‘%E*ﬂnEWht%‘ %%n%%%%r W .Cé)“c&’ia’iéé)r‘i'fuﬁ?fs?lg‘)ggwg%%@%g%%e the
of 175 degre s centigrade, an injection pressure o . a and a
pressurecappLEEALEPR tLPBtituted phosphine for a diazonium group of the

diazonium salt. However, the process is not limited thereto.

5 [G077]
Examples of the adduct of a phosphine compound and a quinone
compound which may be used for the resin composition for

encapsulating a semiconductor of the present invention include

compounds represented by the general formula (7),

jﬂ 0
R14
R13 'I:’_F O (7
R12 R1s R15
10 OH

wherein, din the general formula (7), P represents a
phosphorus atom; each of R11, R12 and R13 represents an alkyl group
having 1 to 12 carbon atoms or an aryl group having 6 to 12 carbon
atoms, and may be the same or different from each other; and each

15 of R14, R15 and R16 represents a hydrogen atom or a hydrocarbon
group having 1 to 12 carbon atoms, and may be the same or different
from each other, or R14 and R15 may be bonded so as to form a ring
structure.

[0078]

20 Examples ¢f the phosphine compound used for the adduct of a
phosphine compound and a guinone compound include unsubstituted
aromatic ring-containing phosphines such as triphenylphosphine,
tris(alkylphenyl)phosphine, tris(alkoxyphenyl)phecsphine,

trinaphthylphosphine, tris(benzyl)phosphine and the like; and



25 of 120 seconds using a | ow pressure transfer nol ding nmachi ne
(KTS-15, conmercially avail able from Kohtaki Precision Machine Co.,
Ltd.), and the flow I ength was neasured. The spiral flowis a 61
paraneter of flowability, and a larger ¥hlue of the spiral flow neans
better flowability. The spiral flowis given in units of centineters

ot 8 ned TR R LRER e T LR AR PEA™ T ERTE Fbacby 17 (3 0B {RAT o oLy ALy

0130 . e . . .

[encaplsulgtrgapboy %ﬁeﬁggo rg‘r}té)gl n ?gfréﬁd sllcet%l]gﬁma%dg%&gf%%é%§%$?%ra%§xy
der th ditj ti

an 10 i St on S aag U SbT O B R Pe Bat S Bur g T o A S 4 oy
[ : t [ | di [ -ELF,

cormer oi 3 TP 5w SEFe t FomDarr el "Sarke. Coro e Y Rt o5

160 p n &&EElQE?K%Q?b(BE@fEEQbEQQuEE@”ES QQHgEehggsﬂo%ghane.

ni ckel / pal I adi um al T oy, package outer size: X 24 mmx 1.4 15 mm
(thickness), pagdogbze: 8.5 nmx 8.5 mm chip size: 7.4 nmx 7.4 mm X
350 pm (thickness)). The resulting 160 pin LQFP package was observed
with a soft X-gaympleer 96Ccope GRRGLAESEoABBunEONBRACKRN ¥havahkakieor a
from Softex Corporation), and the ratio of (sweep amount)/(wre

| engt h) YRssgelBE N dRsL @S Ll sVgePnbALI Cobolie W d18:d2@-Heaz3We8Rone,
ratio is given in units of % The resin conposition for encapsulating

a sem copdysh2bqebhah8gdahBhExgiRhendsexhubthedigxee! | apbny kacsweep
ratio, that is, 6% [0131] Flanme resistance: The resin conposition

for sncapspéatbfiginord senpeefduaboe Wasmi Bheckedwpddnfobdi REoMAZe
performed under the conditions of a nold tenperature of 175 degrees
centigragleabanitypjection tine of 15 seconds, a curing tine of 120
seconds and an 62 injection pressure of 9.8 MPa using a | ow pressure
transfer nol di pgogarhi ne (KTS-30, conmercially avail abl e from Koht aki
Preci sion Machine Co., Ltd.) to prepare a flanme-resistant test piece
havi ng a thi ckiess meftldb® fon prebuewnagahyadidatt ngt & phspdggreeesnbound
centigrade for 4 hours. The prepared test piece was subjected to a
flame resndtanpeinest dommoeod darcemjdarii @ tetranidand pépegitfined iisnbirbaght
UL-94 vertical nmethod to evaluate flane resistance. Frmax, EF and rank
of flhaneimesi stabheet akith debenmpbgatihoneweneashowwenn TablesanThéssolve
resin conposition for encapsulating a sem conductor 10 obtained in
Exanpl e HoelkHills bedasicetbent aflyareo s@sinse amce thehlaen zsquFnane afndimixed
seconds, EP"' of 9 seconds and rank of flame resistance of V-0.

[0132] Gassredursian gdduithtthexaast pngcechmenhgcan|kagisedfasl3 oty as
mm a width of 4 mmand a thickness of 3 mm was nol ded under the

condi t i ohlke ofobulpbl HtY edpethae lrddwit 175 Weyradyvaygntiigrlade, &xamples of
pressure of 9.8 MPa and a curing tinme of 120 seconds using a | ow

pr essur ethe Asdiv@ntrpndil ngendehi A& e(TEP1S0U3IGd tonatcingd puahai s abkegone
fromFujiwa Seiki Co., Ltd.). The test piece was 20 subjected to
post2curahg meehyhenthrihdkpneaned at 175 degrees centigrade for 4

hours. Then, a tenperature in which el on%ati on percentage of the test
pi ece was abr up??y CORRRFEE bEePeRtTmerat LY tidiheganaralelfaramilon fateis
of 5 degrees centigrade/mn. using a thermal dil atoneter (TMA-120,
commer ci BFE{CBIB1 Y ab| @IRVRSel k FHSH gSCHURENRE L nB13 Rehdprsigd to
as the glass transition point. The unit is degrees centigrade.

Furt her fdrRICIRROT R 1At fapPhanyd B&EORPE e8RdpPaER PR dhoutargl R16

Iengthof5m"ngwidthof4n’mand,63 )
1s a hydrogen atom, that is, a compound produced by adding

25 1,4-benzoquinone and triphenylphosphine, because the elastic
modulus during heating of the cured product of the resin

composition for encapsulating a semiconductor can be maintained



a thickness of 2 mmcut fromthe 80 pin QFP prepared in the sol der
resi stance test to be described bel ow. The resin conposition for
encapsul ati ng a sem conductor obtained in Exanple 1 exhibited a gl ass
transition tenperature of 164 degrees c#htigrade which was 5 a
suitable glass transition tenperature in order to obtain suitable

el astic d S kng heating. [0133] Boi | i ng wat er
absorptigﬁ ?é i%gggﬁgrsk-like test piece having a dianeter of 50 mm
and a thicknes§ @élﬁ mm was nol ded under the 10 conditions of a nold
t enper at ure of 9 egrees centigrade, an injection pressure of 9.8

MPa and a curi J i . fer_.
rorcimg i no BB LB SAOREE S A Sl B SR 8RS £ dane
Precisio &@S ine ;o Lt , d te t S ggap' Tgv:"

for 4 hoﬁcr)s. il}'g rr‘gg%sc%ha{ﬁae (})C?énlt Hre%%?lesgo% %k?%ce efore t edsg'Lﬂ% for

hygr QSCopheabs62LPBAYL ANdeAfilRindiie 301d# Nhd r SALEEAL L AVBHES WRLS1ude

for 24 hours was neasSured, and the water absorption ratio of the test

pi ece WaSomyRhRdseHepsedcREEaCRAd8e TRAHAN rhem¥uRY (BRSS. The resin
conposition for encapsul ating a sem conductor obtained in Exanple 1
exhi bited | ow water 20 absorption property, that is, 0.129% by nass.
[0134] Continupus ngl,ding progerty: 726 g (masg) of the resin
conposition for encapsul atipg [a sem cgnduct or gbtained in the above

was placed i n arb@blet—@a¢i hg |a size—ef—94h nnlusinqgg rotary 25

tabl et machine] and fableted ynder aablet pressure of 600 Pa to
obtain a tablet. A trablet sup ﬁﬁ azi xi-h [t he obtai ned tabl et

pl aced t hereintwas set to e tnside of the di ng machi ne. Usi ng

64 a | ow pressure automatic transfer nol ding machi ne (SY- COWP,
commercial ly awvieétebhe fIromtde neencatpor abir-Al)la Mg dj nop ofrdprdsErd) a
shots of a sem conductor device of 208 pin QFP (a Cu | ead frane,
package phib&phstae: al8mms X 280 fasenSs 2a i (idure kiess;) eaead o5 727,5R18,
15.5mm x 15.5mm chip size: 15.0mm x 15. 0mm x 0. 35mm (t hi ckness))

obt aitnedRby =ndap30l a¢pngsansisl kaodrghhficogrbhp hiekeény th thenbabketring
of the resin conposition for encapsul ating a sem conduct or was

conduct edlr ian ha teoridyaidus rimgneo r usmd exl e tcion dirtougns aatl mapdbel the same
tenperature of 175 degrees centigrade, an injection pressure of 10

9.8 MPa anddaffereny from ehcbOosbeondX2 lLn thi srgaséc plreupDlttiangbonds
state (presence or absence of insufficient filling) of the

sem condactiap Yevieeywase Cohf iX3reids per eavgemyi 2y rshgt $had emids weoap Y4
i ndi cated when 300 shots or nore for continuous nol ding were

confirnede Arpapksiiver 82i rdiccaf @deabbn reguaserd or goweept hormdks) dben a
shots and | ess than 300 shots were confirned, and x marks were

i ndi Bat epir when-dersgtihangisopshelsaneseacpnpbipmedanthgrogpi ¥2 and group
conposition for encapsul ating a sem conductor obtained in Exanple 1

exhi bi t e¥3 ek et herpare Mo Ie@use it <li g irdpartty thehasl liigore@igin tte dorm
nore than 300 shots. 20[0135] Sol der resistance test 1: The resin
conposi t& othd bt e ridapyafiEie ng 4 agehi’éondabt Berhasenhj @ @wair gormed when
encapsul ate a lead frame or the Iike on which a sem conductor el enent
(a silicdPkdY)IRR2 Holdht B ¥h & SIE &R afy was opens orRBdILdiderY 4 rexd group
conditions of a 25 nold tenperature of 180 degrees centigrade, an

i nj ecti oh° ptessif SHIe AU Pl amF R etiely itk tdfe Big issvpmdemudiongorm

a |l ow pressure ,
20 a chelate structure; X2 and X3 may be the same or different from

each other; Y2, Y3, Y4 and Y5 may be the same or different from
each other; and Z1 is an organic group having an aromatic ring or
a heterocyclic ring, or an aliphatic group.

[(0082]



transfer nol ding nmachine (GP-ELF, commercially available from 65
Dai -ichi Seiko Co., Ltd.). Thus, a sem conductor device conposed of
80pQFP (Quad Fl at Package, a Cu lead frane, size: 14 x 20 nun x 2.00
nun (thi ckness), seniconductor el ement 8lze: 7 x 7 nmx 0.35 nun
(thickness), the sem conductor el ement being bonded to an inner 5

| ead part of the.}gad fyame psiag axgel duide, having g dlameter ol 254,

g{r) 1\$/gsdp£nggr eCae ‘e g(rjepar €d séyzem con ¥ e\é![ e’eiés)b eatﬁ&;ea ed

nglt iogvr gge angez PEI a?lviriﬁds%{;y iz;éﬁ%)qigrgq%%’gg’hounﬁs, angéjﬁlﬁg;roup,
;ggginzieon?gfé‘]% %Sgg?ge% m?asalstiﬁgn. ggrifﬁr n%%f_%m]f?{s‘éﬁa%ﬂ of ls oups
obser vedgv&%ﬁégfs%?'ng@gg)t&gﬁi grP§ 'g?gpﬁt}?%mg%ope' 1%,{ ABUERS i,

comey ci ghly_gvell ablgubr om {*&g@%x%f%fofﬁ nehd e @ipe Lt Adong these,

Senm conduct or devi ces in whi €ast” one 15 of detachnent and a

crack wegopausedraese) eualdiated asodeheet h¥sup¥hetying AUt fuent and
defective senm conductor devices was n, thé result was”shown as n/®6.

The sen gRadyst otueeMi carehbakBedgi-Bubxambenl gxhi Bi tg@heﬁwel l8atup,
reliability, that is, 0/6. [0136] "20Sol der resistance test 2: The
test wasm&akhylgleAYl dFolhe SRR heRIRBEndY §Rohpe S U W oA AH S AN oup,
test 1, except that the six sem conductor dévices heat-treated at 175
degrees gepydgoR@ELabRENGLNQUEEPI Anihehabaveessol der resistance test 1
were treated at a tenperature of 30 degrees centigrade and a rel ative
humdity of 25[6@88for 96 hours. The sem conductor device obtained in
Exanple 1 exhibited excellent reliability, that is, 0/6. 0 marks were

i ndi cat ed when@apeickage Mashaofelef £Torenn166 (Bhr auyh hahho sl et group
resistance tests 1 and 2, while x nmarks were indi cated when a package
was def eghatyedridugldupotd ©6 grenofy3sol stai Y2511 A e st &5 tese daraing gZoup
[0137] 5Hi gh tenperature storage |ife: The resin conposition for
encapsul gha npandeenireapdid ttar gwaspi 1) ecEadht®f ecapdaw Atie a d®eath formed
frame or the like on which a sem conductor elenent (a silicon chip)

was nounitesn amdo 1wt ch -ndovaisi perd osuk drelelese s he poaridint,i el efrcaipmyi2d and
tenperature of 180 degrees centigrade, an injection pressure 10 of

6.9 150. Igrdvia akdima peei sgmef mODesetendseubbnged kowtpeessdrhieon atom to
transfer nolding machine (GP-ELF, commercially avail able from

Dai - i chif&anko cbelatle étyucThus,. aSseilaohductach deviYédeandnpbsesl sofgroup
16 pin DIP (Dual Inline Package, a 42 alloy |ead frame, size: 7 nmX

11. 5 nm koamed i M gheness); doenti o ductuy w8 lesstds s perotih,5 and) gmmup
X 0.35 mm (thickness), the sem conductor elenent having an oxide

| ayer ha¥4 rignch gmieiugk e skn gthes spmef be hedubds d1s bomdeat & oanle fairkimm afom
alumnumw ring pattern having a line and space of 10 pm forned

t her eon, tanPam aldhdlale wWihnuef ysed séeoups ¥Adand| 23dndy drme e same orx
section on _the el enent bei ng bonded by neans of a gold 20 wire having

a di @ret@tfHeront phyomea gy opdedad. aTHedralPPal 2 r &5l stfdnard 6P nan be the
sem conduct or devi ces post-cured by being heat-treated at 175 degrees
centi gr atiRN¢ * AHdirEMefe e gagheathald aEaryk diife caute repsesgated
treatnment was carried out at 185 degrees centigrade for 1,000 hours.
When t hePY edi<stianee of g Bie SaAdohaaREEERN 88 b8 Y e YihelRi e general
tenperature treatnent was neasured and it was equal to or nore than
130% of tPEMRARt{8] $8sPsPAALR 6PIRRE WBRMCBNREEEBR deprEersfRgses two
sem conduct or device F}E? was eval uated as defective. 0 marks were

i ndi cat e WHRRS t hEXAURDBEF VF LASIRE?FIR BRL RALREBICHRF L wygogallol,
while x ks. were indicated when th u r was 1 to 10. The

e Bondbet or HEUT CEVBBPAF RRHETR" ERanpHo TSERRY BRERY EXCRRY ant
reliability, that 18y, 59/ 4010338 hinol, salicylic acid,

1-hydroxy-2-naphthoic acid, 3-hydroxy-2-naphthoic acid,

ad



Exanples 2 to 9, Conparative Exanples 1 to 8 The resin
conpositions for encapsul ating a sem conductor were produced in the
sane manner as in Exanple 1 according to 10 fornul ati ons shown in
Tables 1 and 2, and evaluated in the saf® manner as in Exanple 1. The
eval uation results are showmn in Tables 1 and 2. 68 [Table 1]

Exanpl e
resin 2

10

15

20

25

gﬁ%%répéé%&l%?nggggﬂﬁﬁﬁngcggen%Lh&%§5§y%enzy15éﬁ%ohﬁngn0|
1,2-cyclohexanediol, 1,2-propanediol, glycerin and the like.
Among these, more preferably used are catechol,
1,2-dihydroxynaphthalene and 2, 3-dihydroxynaphthalene.

[0084]

In the general formula (8), Z1 is an organic group having an
aromatic ring or a heterocyclic ring, or an aliphatic group.
Specific examples of Z1 include aliphatic hydrcecarbon groups such
as a methyl group, an ethyl group, a propyl group, a butyl group,
a hexyl group, an octyl group and the like; aromatic hydrocarbon
groups such as a phenyl group, a benzyl group, a naphthyl group,
a biphenyl group and the like; and organic groups having a reactive
substituent such as a glycidyloxypropyl group, a mercaptopropyl
group, an aminopropyl group, a vinyl group and the like. Among
these, more preferably used are a methyl group, an ethyl group,
a phenyl group, a naphthyl group and a biphenyl group in view of
improvement in thermal stability of the general formula (8).

[0085]

In a 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 methanol in a flask and
dissolved. Next, a sodium methoxide-methanol solution is added
dropwise thereto under stirring at room temperature. Further, a
solution prepared by dissolving a tetra-substituted phosphonium
halide such as tetraphenyl phosphonium bromide in methanol in

advance is added dropwise to the resulting reaction product under



O her curing agents Phenol resin 3 Phenol resin 4 Phenol

resin b

10

15

20

25

Phenol resin 6
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stirring at room temperature to precipitate crystals. The
precipitated crystals are filtered, washed with water, and then
dried in wvacuum. Thus, an adduct of a phosphonium compound and
a silane compound is produced. However, the method is not limited
to this.

[0086]

The mixing ratio of the curing accelerator (D) which may be
used for the resin composition for encapsulating a semiconductor
of the present invention is preferably equal to or more than 0.1%
by mass and equal to or less than 1% by mass, based on the total
resin composition. When the mixing amount of the curing
accelerator (D) is within the above range, sufficient curability
and flowabllity may be achieved.

[0087]

The resin composition for encapsulating a semiconductor of
the present invention further contains a compound (E) in which a
hydroxyl group is bonded to each of two or more adjacent carbon
atoms constituting an aromatic ring (hereinafter referred to as
the compound (E)}. With the use of the compound (E), even when
a phosphorus-containing curing accelerator without having latency
is used as the curing accelerator (D) for accelerating a
crosslinking reaction between the phenol resin and the epoxy resin,
the reaction of the resin composition during the melt-kneading may
be suppressed, so that a stable resin composition for encapsulating
a semiconductor can be obtained. Furthermore, the compound (E)
also has an effect of decreasing the melt viscosity of the resin

composition for encapsulating a semiconductor and increasing



(B) Conponent Epoxy resin 1 7.07 7.05 Epoxy resin 2 6.92
Epoxy resin 3 7.62 Epoxy resin 4
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flowability. Examples of the compound (E} include a monocyclic
compound represented by the following general formula (9), a
polycyclic compound represented by the following general formula
(10) and the like, and these compounds may have a substituent cther
than the hydroxyl group,

OH
R25 R21

(9)
R24 R22

R23
wherein, in the general formula (9), any one of R21 and R25
is a hydroxyl group; when one of R21 and R25 is a hydroxyl group,
the other is a hydrogen atom, a hydroxyl group or a substituent
other than the hydroxyl group; and each of R22, R2Z3 and R24 is a
hydrogen atom, a hydroxyl group or a substituent other than the

hydroxyl group,

R32 R26
HO R27
R3t R28
R30 R29

wherein, in the general formula (10), any one of R31 and R32
is a hydroxyl group; when one of R31 and R32 is a hydroxyl group,
the other is a hydrogen atom, a hydroxyl group or a substituent
other than the hydroxyl group; and each of R26, R27, R28, R29 and
R30 is a hydrogen atom, a hydroxyl group or a substituent other
than the hydroxyl group.

[0088]

Examples of the monocyclic compound represented by the



7.24 O her epoxy resins Epoxy resin 5 Epoxy resin 6 (O
Conponent Inorganic filler 1 86.5 86.5 86.5 86.5 86.5 (D) Conponent
Curing accelerator 1 0.4
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general formula (9) include catechol, pyrogallol, gallic acid,
gallic acid esters and their derivatives. Examples of the
polycyclic compound represented by the general formula (10)
include 1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene and
their derivatives. Among these, preferably used is a compound in
which a hydroxyl group is bonded to each of two adjacent carbon
atoms constituting an aromatic ring from the viewpoint of easy
control of flowability and curability. Furthermore, in
consideration of volatilization in a step of kneading, more
preferably used is a compound having, as a mother nucleus, a
naphthalene ring which has low wvolatility and high weighing
stability. In this case, the compound (E) may be specifically,
for example, a compound having a naphthalene ring such as
1l,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene and their
derivatives. These compounds (E} may be used singly or may be used
in combination of two or more kinds.

{0089]

The mixing amount of compound (E) is preferably equal to or
more than 0.01% by mass and equal to 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 and equal to or less than 0.5% by mass, in the
total amount of the resin composition for encapsulating a
semiconductor. When the lower limit of the mixing amount of the
compound (E) is within the above range, the effect of improving
sufficient low viscosity and flowability of the resin composition

for encapsulating a semiconductor may be achieved. Meanwhile, when
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the upper limit of the mixing amount of the compound (E} is within
the above range, there is less possibility of deteriorating
curability and continuous meolding property of the resin
composition for encapsulating a semiconductor or causing cracks
at a solder reflow temperature.

[0090]

In the resin composition for encapsulating a semiconductor
of the present invention, for the purpose of improving adhesion
between the epoxy resin and the inorganic filler, a coupling agent
(F) may be further added. As the coupling agent (F), preferably
used is a silane coupling agent. The silane coupling agent is not
particularly limited, and examples thereof include epoxysilane,
aminosilane, ureidosilane, mercaptosilane and the like, and it may
be any one which can be reacted or acts between an epoxy resin and
an inorganic filler to improve the interfacial strength between
the epoxy resin and the inorganic filler. Furthermore, when the
coupling agent (F) may be used together with the aforementiocned
compound (E), the coupling agent enhances the effect that the
compound (E) reduces the melt viscosity of the resin composition
and ilmproves flowability.

f0091]

Examples of the epoxysilane include
v—-glycidoxypropyltriethoxysilane,
vy-—glycidoxypropyltrimethoxysilane,
y-glycidoxypropylmethyldimethoxysilane,

B- (3, d-epoxycyclohexyl)ethyltrimethoxysilane and the like.

[0092]
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Examples of the aminosilane include
y-aminopropyltriethoxysilane, y-aminopropyltrimethoxysilane,
N-B (aminocethyl) y-aminopropyltrimethoxysilane,

N-B (aminoethyl)y-aminopropylmethyldimethoxysilane,
N-phenyly-aminopropyltriethoxysilane,
N-phenyly-aminopropyltrimethoxysilane,

N-p (aminoethyl)y-aminopropyltriethoxysilane,

N-6- (aminchexyl) 3-aminopropyltrimethoxysilane,
N-(3-(trimethoxysilylpropyl)-1,3-benzenedimethanane and the like.
A latent aminosilane coupling agent protected by reacting a primary
amino moiety of aminosilane with ketone or aldehyde may be used.
Examples of the ureidosilane include
y-ureidopropyltriethoxysilane, hexamethyldisilazane and the like.
Examples of the mercaptosilane include a silane coupling agent
exhibiting the same function as the mercaptosilane coupling agent
by thermal decomposition, such as
bis(3-triethoxysilylpropyl)tetrasulfide and
bis(3-triethoxysilylpropyl)disulfide, and the like, in addition
to y-mercaptopropyltrimethoxysilane and
3-mercaptopropylmethyldimethoxysilane. These silane coupling
agents may also be added after hydrolyzing in advance. These silane
coupling agents may be used singly or may be used in combination
of two or more kinds.

[0093]

The lower i1imit of the mixing ratio of the coupling agent (F)
which may be used for the resin composition for encapsulating a

semiconductor of the present invention is preferably equal to or
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more than 0.01% by mass, more preferably equal to or more than 0.05%
by mass and particularly preferably equal to or more than 0.1% by
mass, in the total amount of the resin composition. When the lower
limit of the mixing ratio of the coupling agent (F) is within the
above range, excellent solder resistance in a semiconductor device
may be achieved without lowering the interfacial strength between
the epoxy resin and the inorganic filler. Meanwhile, the upper
limit of the coupling agent (F) is preferably equal to or less than
1.0% by mass, more preferably equal to or less than 0.8% by mass
and particularly preferably equal to or less than 0.6% by mass,
in the total amount of the resin composition. When the upper limit
of the mixing ratio of the coupling agent (F) is within the above
range, excellent solder resistance in a semiconductor device may
be achieved without lowering the interfacial strength between the
epoxy resin and the inorganic filler. When the mixing ratio of
the coupling agent (F) is within the above range, excellent sclder
resistance in a semiconductor device may be achieved without
increasing water absorption property of the cured product of the
resin composition.

[0094]

In the resin composition for encapsulating a semiconductor
of the present invention, an inorganic flame retardant (G) may be
further added for the purpcse of enhancing flame resistance. The
inorganic flame retardant (G) is not particularly limited, and
examples thereocf include metal hydroxides such as aluminum
hydroxide, magnesium hydroxide and the like, zinc borate, =zinc

molybdate, antimony trioxide and the like. These inorganic flame
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retardants (G) may be used singly or may be used in combination
of two or more kinds.

[0085]

The mixing ratio of the inorganic flame retardant (G) which
may be used for the resin composition for encapsulating a
semiconductor of the present invention is preferably equal to or
more than 0.5% by mass and equal to or less than 6.0% by mass in
the total amount of the resin composition. When the mixing ratio
of the inorganic flame retardant (G) is within the above range,
curing for enhancing flame resistance may be achieved without
damaging curability and properties.

[0096]

The resin composition for encapsulating a semiconductor of
the present invention, 1in addition to the aforementiocned
components, may contain the following additives, as necessary.
Examples of the additive include coloring agents such as carbon
black, bengala, titanium oxide and the like; mold releasing agents,
for example, a natural wax such as a carnauba wax or the like, a
synthetic wax such as a polyethylene wax or the like, higher fatty
acids and metal salts thereof such as stearic acid, zinc stearate
or the like, and paraffin; low-stress additives such as silicon
oil, silicon rubber and the like; inorganic ion-exchangers such
as bismuth oxide hydrate and the 1like; and inorganic flame
retardants such as phosphate ester, phosphazene and the like.

[0097]

The resin composition for encapsulating a semiconductor of

the present invention is prepared by homogeneously mixing the
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phenocl resin {(A), the epoxy resin (B), the inorganic filler (C)
and the above-stated other additives at normal temperature using
a mixer or the like.

[0088]

Thereafter, the homogenous mixture is melt-kneaded using a
kneading machine such as a hot roll, a kneader or an extruder, and
then cooled and pulverized the mixture, as necessary, whereby
dispersibility and flowability may be adjusted to desired levels,

[0089]

Next, the semiconductor device of the present invention will
be described. 1In a method for producing a semiconductor device
using the resin composition for encapsulating a semiconductor of
the present invention, for example, the resin composition for
encapsulating a semiconductor may be molded by a molding method
such as transfer molding, compression molding, injection molding
or the like and cured, after a lead frame or a circuit board on
which a semiconductor element is mounted is placed in a mold cavity,
whereby the semiconductor element is encapsulated.

[0100]

Examples of the semiconductor element to be encapsulated
include integrated circuits, large scale integrated circuits,
transistors, thyristors, dicdes, solid-state image sensing
devices and the like, but are not restricted thereto.

[0101]

Examples of the shape of the semiconductor device toc be
obtained include a dual in-line package (DIP), a plastic leaded

chip carrier (PLCC), a quad flat package {(QFP), a low-profile quad
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flat package (LQFP}, a small outline package {SOP}, a small outline
J-leaded package {S0J), a thin small ocutline package (TSOP), a thin
quad flat package {TQFP), a tape carrier package (TCP), a ball grid
array (BGA), a chip size package (CSP) and the like, but are not
restricted thereto.

[0102]

The semiconductor device obtained by encapsulating a
semiconductor element by a molding method such as transfer molding
or the like using the resin composition for encapsulating a
semiconductor is mounted on any electronic devices without curing
or after completely curing the resin composition at a temperature
of about 80 to 200 degrees centigrade over a period of about 10
minutes to 10 hours.

[0103]

Fig. 1 is a view illustrating a cross-section structure of
an example of a semiconductor device using the resin composition
for encapsulating a semiconductor according to the present
invention. A semiconductor element 1 is fixed on a die pad 3 via
a cured die bond material 2. An electrode pad of the semiconductor
element 1 and a lead frame 5 are connected by means of a bonding
wire 4. The semiconductor element 1 is encapsulated with a cured
product 6 of the resin composition for encapsulating a
semiconductor.

[0104]

Fig. 2 is a view illustrating a cross—-section structure of
an example of a one-side encapsulated semiconductor device using

the resin composition for encapsulating a semiconductor according
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to the present invention. A semiconductor element 1 is fixed on
a surface of a substrate 8 through a cured die bond material 2 on
a solder resist 7 of a laminate where a layer of the solder resist
7 1is formed. In orxder for electric conduction between the
semiconductor element 1 and the substrate 8, the solder resist 7
on the electrode pad is eliminated by a developing method such that
the electrode pad is exposed. Accordingly, the semiconductor
device in Fig. 2 is designed to connect the electrode pad of the
semiconductor element 1 and the electrode pad on the substrate 8
by means of a bonding wire 4. The encapsulating resin composition
is used for encapsulating a semiconductor device and a cured
product 6 is formed, whereby a semiconductor device in which only
one surface of the substrate 8 with the semiconductor element 1
mounted thereon is encapsulated can be obtained. The electrode
pad on the substrate 8 is internally connected to a solder ball

9 provided on the non-encapsulated surface of the substrate 8.

EXAMPLES

[0105]

The present invention is now illustrated in detail below with
reference to Examples. However, the present invention is not
restricted to these Examples. In the‘following Examples, the
mixing amount of each component is represented by "parts by mass"
unless otherwise particularly noted.

[0106]

The following phenol resins 1 to 6 were used for the curing

agent.
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Among these, phenol resins 1 and 2 correspond to the phenol
resin (A4).

[0107]

Phenol resin 1: 108 g (1 mole) of o-cresol {(a product of Tokyo
Chemical Industry, Co., Ltd.) was fed into a flask equipped with
a thermometer, a stirrer and a condenser, which was completely
dissolved under a nitrogen atmosphere while maintaining a
temperature at 30 degrees centigrade. After dissolution, 134 g
of a 30% aqueous sodium hydroxide solution (sodium hydroxide: 1
mole) was added dropwise to the reaction solution. Thereafter,
the reaction temperature was further kept at 30 degrees centigrade
for 1 hour. Next, 60 g (2 moles) of para-formaldehyde (a product
of Tokyo Chemical Industry, Co., Ltd.) was added thereto, and the
mixture was reacted at a reaction temperature of 30 degrees
centigrade for 1 hour, and further reacted at a reaction
temperature of 45 degrees centigrade for 2 hours, whereby a cresol
methylol compound was obtained. Thereafter, this reaction
solution was cooled to 20 degrees centigrade and 91.3 g of
concentrated sulfuric acid was added dropwise thereto while paying
attention to generation of heat, whereby the reaction solution was
neutralized. Next, 250 ml of methanol and 864 g (6 moles) of
a-naphthol (a2 product of Tokyo Chemical Industry, Co., Ltd.) were
added to this reaction solution. After addition, 10 g of
concentrated hydrochloric acid (0.1 mcle as the hydrochloric acid
moisture component) was immediately added dropwise at a reaction
temperature set to 50 degrees centigrade. After dropwise addition,

the mixture was reacted at a reaction temperature set to 60 degrees
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centigrade for 2 hours, and further reacted by heating at 80 degrees
centigrade for 1 hour. After completion of the reaction, in order
to remove an acid catalyst, the mixture was dissolved in 1,000 ml
of methyl iscobutyl ketone and repeatedly washed with water. The
methyl isobutyl ketone phase back to neutral by repeatedly washing
with water was heated and distilled under reduced pressure to
remove methyl iscbutyl ketone and unreacted o-naphthol, whereby
a phencl resin 1 (softening point: 107 degrees centigrade, hydroxyl
equivalent: 140 g/eq, ICI viscosity at 150 degrees centigrade: 3.60
dPa-sec, (m,n)=(2,1) component: 57% by area) was obtained. A GPC
chart is illustrated in Fig. 3, while the FD-MS results are shown
in Fig. 4.

[0108]

Phenol resin 2: A phenol resin 2 (softening point: 105 degrees
centigrade, hydroxyl equivalent: 138 g/eqg, ICI viscosity at 150
degrees centigrade: 3.50 dPa-rsec, {(m,n)=(2,1) component: 59% by
area) was obtained in the same manner as in Synthesis Example 1,
except that 864 g (6 moles} of B-naphthol (a product of Tokyo
Chemical Industry, Co., Ltd.) was used instead of 864 g (6 moles)
of a-naphthel.

[0109]

Phenol resin 3: A phenol resin 3 (softening point: 106 degrees
centigrade, hydroxyl equivalent: 139 g/eq, ICI viscosity at 150
degrees centigrade: 3.60 dPa-sec, (m,n)={2,1} component: 58% by
area) was obtained in the same manner as in Synthesis Example 1,
except that 108 g {1 mole) of p-cresol (a product of Tokyo Chemical

Industry, Co., Ltd.) was used instead of 108 g (1 mole) of o-cresol.
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[0110]

Phenol resin 4: Aphenol resin 4 (softening point: 105 degrees
centigrade, hydroxyl equivalent: 139 g/eq, ICI viscosity at 150
degrees centigrade: 3.50 dPa-sec, (m,n)=(2,1) component: 59% by
area) was obtained in the same manner as in Synthesis Example 1,
except that 108 g (1 mole) of p-cresol (a product of Tokyo Chemical
Industry, Co., Ltd.) was used instead of 108 g {1 mole} of o-¢resol
and 864 g (6 moles) of B-naphthol {(a product of Tokyc Chemical
Industry, Co., Ltd.) was used instead of 864 g (6 moles) of
a-naphthol.

[0111]

Phenol resin 5: A co-condensation type phenol resin
consisting of p-cresol and a-naphthol (KAYAHARD NHN, commercially
available from Nippon Kayaku Co., Ltd., hydroxyl equivalent: 143
g/eq, softening point: 109 degrees centigrade, ICI viscosity at
150 degrees centigrade: 23.0 dPa-sec, (m,n)=(2,1l) component: 54%

by area) represented by the formula (11},

O oo o orD

wherein, in the formula (11), t is an integer of from 0 to
10.

[0112]

Phencl resin 6: A triphenylmethane type phencl resin
(MEH-7500, commercially available from Meiwa Plastic Industries,
Ltd., hydroxyl equivalent: 97, softening point: 110 degrees

centigrade, ICI viscosity at 150 degrees centigrade: 5.8 dPa-sec).
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[0113]
GPC measurement of the phenol resin 1 was carried out under
the following conditions. 6 ml of tetrahydrofuran (THF) as a

solvent was added to 20 mg of a sample of the phenol resin 1, and
the resulting mixture was fully dissolved and subjected to the GPC
measurement. As the GPC system, there was used one in which a module
W2695 commercially available from Waters Corporation, TSK
GUARDCOLUMN HHR-L (a guard column, diameter: 6.0 mm, tube length:
40 mm) commercially available from Tosoh Corporation, two of
TSK~GEL GMHHR-L (a polystyrene gel column, diameter: 7.8 mm, tube
length: 30 mm) commercially available from Tosoh Corporation and
a differential refractive index (RI} detector W2414 commercially
avallable from Waters Corpecration were connected in series. The
flow rate of the pump was 0.5 ml/min, the internal temperature of
the column and differential refractometer was set to 40 degrees
centigrade, and a measurement sclution was injected from a 100-ul
injector for the measurement.

[0114]

FD-MS measurement of the phencl resin 1 was carried cut under
the following conditions. 1 g of dimethyl sulfoxide as a soclvent
was added to 10 mg of a sample of the phenol resin 1, and the
resulting mixture was fully dissolved, coated on the FD emitter,
and then subjected to the FD-MS measurement. As an FD-MS system,
there was used one in which MS-FD15A commercially available from
JEQL Ltd. was connected to an ionization part and MS-700 {model
name, a double-focusing mass spectrometry device commercially

available from JECL Ltd.) was connected to a detector to carry out
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the measurement in the detected mass range (m/z} of 50 to 2,000,
[0115]

The fellowing epoxy resins 1 to 4 were used for the epoxy resin

[0116]

Epoxy resin 1: A triphenylmethane type epoxy resin (E-1032H60,
commercially available from Japan Epoxy Resin Co., Ltd., epoxy
equivalent: 171 g/eq, scoftening point: 59 degrees centigrade, ICI
viscosity at 150 degrees centigrade: 1.3 dPa-:sec)

[0117]

Epoxy resin 2: A mixture of a triphenylmethane type epoxy
resin and a biphenyl type epoxy resin (YL6677, commercially
available from Japan Epoxy Resin Co., Ltd., epoxy equivalent: 163
g/eq, softening point: 59 degrees centigrade, ICI viscosity at 150
degrees centigrade: 0.13 dPa-sec)

[0118]

Epoxy resin 3: A naphthol type epoxy resin (HP-4770,
commercially available from DIC Corporation, epoxy equivalent: 205
g/eq, softening point: 72 degrees centigrade, ICI viscosity at 150
degrees centigrade: 0.9%0 dPa-sec)

[0119]

Epoxy regin 4: A dihydroanthracene type epoxy resin (YX8800,
commercially available from Japan Epoxy Resin Co., Ltd., epoxy
equivalent: 181 g/eq, softening point: 110 degrees centigrade, ICI
viscosity at 150 degrees centigrade: 0.11 dPa-sec)

[0120]

Epoxy resin 5: An ortho-cresol novolac type epoxy resin (N660,
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commercially available from DIC Corporation, epoxy equivalent: 210
g/eq, softening point: 62 degrees centigrade, ICI viscosity at 150
degrees centigrade: 2.34 dPa-sec)

[0121]

Epoxy resin 6: A biphenyl type epoxy resin (YX4000K,
commercially available from Japan Epoxy Resin Co., Ltd., epoxy
equivalent: 185 g/eq, softening point: 107 degrees centigrade, ICI
viscosity at 150 degrees centigrade: 0.11 dPa-sec)

[0122]

As the inorganic filler (C), a blend (an inorganic filler 1)
of 87.7% by mass of fused spherical silica, FB560 {(commercially
available from Denki Kagaku Kogyo Kabushiki Kaisha, average
particle diameter: 30 pm), 5.7% by mass of synthesized spherical
silica, S0-C2 (commercially available from Admatechs Co., Ltd.,
average particle diameter: 0.5 um} and 6.6% by mass of synthesized
spherical silica, S0O-C5 (commercially available from Admatechs Co.,
Ltd., average particle diameter: 30 um) was used.

[0123]

The following curing accelerators 1 and 2 were used for the
curing accelerator (D).

Curing accelerator 1: A curing accelerator represented by the

following formula (12),

@ 90 HO
! HO HO

1 1

[0124]

Curing accelerator 2: A curing accelerator represented by the



o High tenperature storage life Hi gh tenperature storage life (HTSL)
0/ 10 0/10 0/10 0/10 Determnation o o o o 70 [Table 2] Conparative

Exanpl e

10

15

20

25

1234 (A Conponent Phenolsgresi n 1

following formula (13),

o ©
o0 | 70 (13)

The following silane coupling agents 1 to 3 were used for the

[0125]}

silane coupling agent (F).

Silane coupling agent 1: y-mercaptopropyltrimethoxysilane
(KBM-803, commercially available from Shin-Etsu Chemical Co.,
Ltd.)

Silane coupling agent 2: y-glycidoxypropyltrimethoxysilane
(KBM-403, commercially available from Shin-Etsu Chemical Co.,
Ltd.)

Silane coupling agent 3:
N-phenyl-3-aminopropyltrimethoxysilane (KBM-573, commercially
available from Shin-Etsu Chemical Co., Ltd.)

{0126]

Aluminum hydroxide (CL-310, commercially available from
Sumitomo Bakelite Co., Ltd.) was used for the inorganic flame
retardant (G).

[0127]

Carbon black {(MA600, commercially available from Mitsubishi
Chemical Corporation) was used for the coloring agent.

Carnauba wax (Nikko Carnauba, commercially available from
Fine Products Co., Ltd., melting point: 83 degrees centigrade) was
used for the mold releasing agent.

[0128]
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Example 1

The following components were mixed at normal temperature
using a mixer, and then melt-kneaded through a hot roll at 80 to
100 degrees centigrade. Thereafter, the resultant was cooled and
then pulverized, whereby a resin composition for encapsulating a

semiconductor was obtained.

Phenol resin 2 5.43 parts by mass
Epoxy resin 1 7.07 parts by mass
Inorganic filler 1 86.5 parts by mass
Curing accelerator 1 0.4 parts by mass
Silane coupling agent 1 0.1 part 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 part by mass

The obtained resin composition for encapsulating a
semiconductor was evaluated with respect to the following items.
The evaluation results are shown in Tables 1 and 2.

[0129]

Spiral flow: The resin composition for encapsulating a
semiconductor obtained in the above was injected into a mold for
the measurement of spiral flow in accordance with EMMI-1-66 under
the conditions of a mold temperature of 175 degrees centigrade,
an injection pressure of 6.9 MPa and a pressure application time
of 120 seconds using a low pressure transfer molding machine
(KTS-15, commercially available from Kohtaki Precision Machine Co.,

Ltd.), and the flow length was measured. The spiral flow is a
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parameter of flowability, and a larger value of the spiral flow
means better flowability. The spiral flow is given in units of
centimeters (cm). The resin composition for encapsulating a
semiconductor obtained in Example 1 exhibited high flowability,
that is, 90 cm.

[0130]

Wire sweep ratio: A silicon chip or the like was encapsulated
by the epoxy resin composition and molding was performed under the
conditions of a mold temperature of 175 degrees centigrade, an
injection pressure of 9.8 MPa and a curing time of 70 seconds using
a low pressure automatic transfer molding machine (GP-ELF,
commercially available from Dai-ichi Seiko Co., Litd.) to produce
a 160 pin LQFP package (pre-plating frame: gold plated to a
nickel/palladium alloy, package outer size: 24 mm x 24 mm x 1.4
mm (thickness), pad size: 8.5 mm x 8.5 mm, chip size: 7.4 mm x 7.4
mm x 350 pm (thickness)). The resulting 160 pin LQFP package was
observed with a soft X-ray fluoroscope (PRO-TEST-100, commercially
available from Softex Corpeoration), and the ratio of (sweep
amount)/{(wire length) was determined as the sweep ratio of the wire,
The sweep ratio is given in units of %. The resin composition for
encapsulating a semiconductor obtained in Example 1 exhibited
excellent wire sweep ratio, that is, 6%.

[0131]

Flame resistance: The resin compocsition for encapsulating a
semiconductor was injected and molding was performed under the
conditions of a mold temperature of 175 degrees centigrade, an

injection time of 15 seconds, a curing time of 120 seconds and an
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injection pressure of 9.8 MPa using a low pressure transfer molding
machine (KTS-30, commercially available from Kohtaki Precision
Machine Co., Ltd.) to prepare a flame-resistant test piece having
a thickness of 3.2 mm, following by heating at 175 degrees
centigrade for 4 hours. The prepared test piece was subjected to
a flame resistance test in accordance with a standard specified
in the UL-94 vertical method to evaluate flame resistance. Fmax,
IF and rank of flame resistance after determination were shown in
Tables. The resin composition for encapsulating a semiconductor
obtained in Example 1 exhibited excellent flame resistance, that
is, Fmax of 4 seconds, IF cof 9 seconds and rank of flame resistance
of V-0.

[0132]

Glass transition point: A test piece having a length of 15
mm, a width of 4 mm and a thickness of 3 mm was molded under the
conditions of a mold temperature of 175 degrees centigrade, a
pressure of 9.8 MPa and a curing time of 120 seconds using a low
pressure transfer molding machine (TEP-50-30, commercially
available from Fujiwa Seiki Co., Ltd.). The test piece was
subjected to post-curing treatment and heated at 175 degrees
centigrade for 4 hours. Then, a temperature in which elongation
percentage of the test piece was abruptly changed by heating at
a temperature elevation rate of 5 degrees centigrade/min. using
a thermal dilatometer (TMA-120, commercially available from Seiko
Instruments Inc.) was measured as the glass transition point. The
unit is degrees centigrade. Furthermore, the test piece may also

be a test piece having about a length of 5 mm, a width of 4 mm and
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a thickness of 2 mm cut from the 80 pin QFP prepared in the solder
resistance test to be described below. The resin composition for
encapsulating a semiconductor obtained in Example 1 exhibited a
glass transition temperature of 164 degrees centigrade which was
a suitable glass transition temperature in order to obtain suitable
elastic modulus during heating.

[0133]

Boiling water absorption ratio: Adisk-like test piece having
a diameter of 50 mm and a thickness of 3 mm was molded under the
conditions of a mold temperature of 175 degrees centigrade, an
injection pressure of 9.8 MPa and a curing time of 120 seconds using
a low pressure transfer molding machine (KTS-30, commercially
available from Kohtaki Precisicon Machine Co., Ltd.), and heated
at 175 degrees centigrade for 4 hours. The mass change of the test
piece before the hygroscopic treatment and after the boiling
treatment in pure water for 24 hours was measured, and the water
absorption ratio of the test piece was expressed as a percentage.
The unit is % by mass. The resin composition for encapsulating
a semiconductor obtained in Example 1 exhibited 1low water
abscorption property, that is, 0.129% by mass.

[0134]

Continuous molding property: 7.5 g (mass) of the resin
composition for encapsulating a semiconductor obtained in the
above was placed in a tablet having a size of ¢16 mm using a rotary
tablet machine, and tableted under a tablet pressure of 600 Pa to
obtain a tablet. 2 tablet supply magazine with the obtained tablet

placed therein was set to the inside of the molding machine. Using
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a low pressure automatic transfer molding machine (SY-COMP,
commercially available from Scinex Corporation), melding of up to
300 shots of a semiconductor device of 208 pin QFP (a Cu lead frame,
package outer size: 28 mm x 28 mm x 3.2 mm (thickness), pad size:
15.5mm x 15.5mm, chip size: 15.0mm x 15.0mm x 0.35mm (thickness))
obtained by encapsulating a silicon chip or the like with the tablet
of the resin composition for encapsulating a semiconductor was
conducted in a continuocus manner under the conditions of a mold
temperature of 175 degrees centigrade, an injection pressure of
9.8 MPa and a curing time of 60 seconds. In this case, the molding
state (presence or absence of insufficient £illing) of the
semiconductor device was confirmed per every 25 shots. © marks
were indicated when 300 shots or more for continuous molding were
confirmed, A marks were indicated when equal to or more than 150
shots and less than 300 shots were confirmed, and x marks were
indicated when less than 150 shots were confirmed. The resin
composition for encapsulating a semiconductor obtained in Example
1 exhibited excellent continuous molding property, that is, equal
to or more than 300 shots.

[0135]

Solder resistance test 1: The resin composition for
encapsulating a semiconductor was injected to encapsulate a lead
frame or the 1like on which a semiconductor element (a silicon chip)
was mounted and molding was performed under the conditions of a
mold temperature of 180 degrees centigrade, an injection pressure
of 7.4 MPa and a curing time of 120 seconds using a low pressure

transfer molding machine (GP-ELF, commercially available from
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Dai-ichi Seiko Co., Ltd.). Thus, a semiconductor device composed
of 80pQFP (Quad Flat Package, a Cu lead frame, size: 14 x 20 mm
x 2.00 mm (thickness), semiconductor element size: 7 x 7 mm x 0.35
mm (thickness), the semiconductor element being bonded to an inner
lead part of the lead frame using a gold wire having a diameter
of 25 pym) was prepared. The prepared six semiconductor devices
heat-treated at 175 degrees centigrade for 4 hours were treated
at 30 degrees centigrade and a relative humidity of 60% for 192
hours, and an IR reflow process (at 260 degrees centigrade in
accordance with the condition of JEDEC Level 3) was then performed.
The presence or absence of detachment and cracks inside the
semiconductor devices was observed with a scanning acoustic
tomograph (mi-scope 10, commercially available from Hitachi Kenki
Fine Tech Co., Ltd.). Semiconductor devices in which at least one
of detachment and a crack was caused were evaluated as defective.
When the number of defective semiconductor devices was n, the
result was shown as n/6. The semiconductor device obtained in
Example 1 exhibited excellent reliability, that is, 0/6.

[0136]

Solder resistance test 2: The test was carried out in the same
manner as in the solder resistance test 1, except that the six
semiconductor devices heat-treated at 175 degrees centigrade for
4 hours in the above solder resistance test 1 were treated at a
temperature of 30 degrees centigrade and a relative humidity of
60% for 96 hours. The semiconductor device obtained in Example
1 exhibited excellent reliability, that is, 0/6.

O marks were indicated when a package was not defective
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through both solder resistance tests 1 and 2, while x marks were
indicated when a package was defective through both or one of solder
resistance tests 1 and 2.

[0137]

High temperature storage life: The resin composition for
encapsulating a semiconductor was injected to encapsulate a lead
frame or the like on which a semiconductor element (a silicon chip)
was mounted and molding was performed under the conditions of a
mold temperature of 180 degrees centigrade, an injection pressure
of 6.9 £ 0.17 MPa and a period of 90 seconds using a low pressure
transfer molding machine (GP-ELF, commercially available from
Dai-ichi Seiko Co., Ltd.). Thus, a semiconductor device composed
of 16 pin DIP (Dual Inline Package, a 42 alloy lead frame, size:
7 mm x 11.5mm x 1.8 mm (thickness), semiconductor element size:
5 x 9mm x 0.35 mm (thickness), the semiconductor element having
an oxide layer having a thickness of 5 um formed on its surface
and further an aluminum wiring pattern having a line and space of
10 pym formed thereon, and an aluminum wiring pad section and a lead
frame pad section on the element being bonded by means of a gold
wire having a diameter of 25 pm} was prepared. The initial
resistances of ten semiconductor devices post-cured by being
heat-treated at 175 degrees centigrade for 4 hours were measured,
and a high temperature storage treatment was carried out at 185
degrees centigrade for 1,000 hours. When the resistance of a
semiconductor device after the high temperature treatment was
measured and it was equal to or more than 130% of the initial

resistance of the semiconductor device, the semiconductor device
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was evaluated as defective. o marks were indicated when the number
of defective semiconductor devices was 0, while x marks were
indicated when the number was 1 to 10. The semiconductor device
obtained in Example 1 exhibited excellent reliability, that is,
0/10.

[0138]

Examples 2 to 9, Comparative Examples 1 to 8

The resin compositions for encapsulating a semiconductor
were produced in the same manner as in Example 1 according to
formulations shown in Tables 1 and 2, and evaluated in the same
manner as in Example 1. The evaluation results are shown in Tables

1 and 2.



Phenol resin 2 5.19 O her curing agents Phenol resin 3 Phenol
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[Table 1]
Example
1 2 3 4 5
(A) Phenol resin 1 5.45
Component [Phenol resin 2 5.43 5.58 4.88 5.26
Phenol resin 3
252ii Phenol resin 4
a entg Phenol resin 5
g Phenol resin 6
Epoxy resin 1 7.07 7.05
(B) Epoxy resin 2 6.92
Compenent |Epoxy resin 3 7.62
Epoxy resin 4 7.24
Other epoxy|Epoxy resin 5
resins Epoxy resin 6
(c Inorganic filler 1 86.5 86.5 86.5 86.5 86.5
Component
{D) Curing accelerator 1 0.4 0.4 0.4 0.4 0.4
Component |Curing accelerator 2
(F) Silane coupling agent 1 0.1 0.1 0.1 0.1 0.1
Component Silane coupling agent 2 0.05 0.05 0.05 0.05 0.05
P Silane coupling agent 3 G.05 [0.05 [0.05 |0.05 |0.05
(G) . ,
Component Aluminum hydroxide
Other Carbon black 0.3 0.3 0.3 0.3 0.3
additives |Carnauba wax 0.1 0.1 0.1 0.1 0.1
o Spiral flow [cm] 90 101 98 112 88
Fl 1
owabl ltywire sweep ratio [%] 6 5 6 5 6
Flame resistance test Fmax ’ ‘ 4 1 3
[sec]
Fla@e Flame resistance test IF 9 13 9 3 8
resistance {[sec]
Flame resistance Fest V-0 V=0 V=0 V-0 V=0
rank of flame resistance
HeaF Glass tran51t}on peoint Tg 164 155 161 150 165
resistance |[[degrees centigrade]
Water o ,
absorption |PO+1ing water absorption 0.129 [0.091 |0.115 |0.071 1]0.131
ratio [% by mass]
property
Continuous
molding Continuous molding property [0 o] o] o o
property
Solder resistance test 1
[number cof defective 0/6 0/6 0/6 /e 0/6
devices in n=6]
iZiiiiance Solder resistance test 2
[number of defective 0/6 0/6 0/6 0/6 0/6
devices in n=6]
Determination o] 0 0 o o
High High temperature storage
temperature|life (HTSL) 0/10 0/10 0/10 c/10 0/10
s?orage Determination 0 o o) o o
life




Phenol

Epoxy resin 2

resin 6 4.38 (B) Conponent Epoxy resin 1 6.96 8.12
Epoxy resin 3 Epoxy resin 4
69
[Table 1] {(Continued)
Example
6 7 8 9
(RA) Phenol resin 1 4.90 5.28
Component [Phenol resin 2 5.43 5.43
Phenol resin 3
Sizfi Phenol resin 4
a entg Phenol resin 5
El Phenocl resin 6
Epoxy resin 1 7.07 7.07
{B) Epoxy resin 2
Component |Epoxy resin 3 7.60
Epoxy resin 4 7.22
Other epoxy|Epoxy resin 5
resins Epoxy resin 6
(C) Inorganic filler 1 86.5 86.5 86.5 86.5
Component
(D) Curing accelerator 1 0.4 0.4 0.4
Component |Curing accelerator 2 0.4
(F) Silane coupling agent 1 0.1 0.1 0.1 C.1
Component Silane coupling agent 2 0.05 0.05 0.05 0.05
P Silane coupling agent 3 0.05 0.05 0.05 0.05
(G) Aluminum hydroxide 2.0
Component
Other Carbon black 0.3 0.3 0.3 0.3
additives |Carnauba wax 0.1 0.1 0.1 0.1
R Spiral flow [cm] 94 107 98¢ 89
Fl bilit
owanl it Y g re sweep ratic [%] 6 5 6 6
Flame resistance test Fmax 3 5 2 1
[sec]
Flame Flame resistance test IF
. 7 4 6 1
resistance |[sec]
Flame resistance ?est V=0 V=0 V=0 Vo0
rank of flame resistance
Hea? Glass tran31t%on peint Tg 163 153 161 163
resistance |[degrees centigradel]
Water U .
absorption |C0+ling water absorption 0.111  [0.073 |o.121  |0.133
ratio [% by mass]
property
Continuous
molding Continuous molding property c o o o
property
Solder resistance test 1
[number of defective devices |0/6 0/6 0/6 0/6
in n=6]
iZiiziance Solder resistance test 2
[number of defective devices |0/6 0/6 0/6 0/6
in n=6}
Determination o} I} o] o}
High High temperature storage life
temperature| (HTSL) 0/10 0/20 0/10 0/10
s?orage Determination o o} o) (o}
life




Epoxy resin 6 7.31 7.31 (O

O her epoxy resins Epoxy resin 5

Component Inorganic filler 1 86.5 86.5 86.5 86.5 (D) Conponent
Curing accelerator 1 0.4 0.4 0.4 0.4 70
[Table 2]
Comparative Example
1 2 3 4
(A) Phenol resin 1
Compenent |Phenol resin 2 4.81
Oth Phenol resin 3 5.45
curji Phenol resin 4 5.43 4.81
9 Phenol resin 5
agents -
Phenol resin 6
Epoxy resin 1 7.05 7.07
(B) Epoxy resin 2
Component [Epoxy resin 3
Epoxy resin 4
Other epoxy|Epoxy resin 5 7.69 7.69
resins Epoxy resin 6
(c) Inorganic filler 1 86.5 86.5 86.5 86.5
Component
(D) Curing accelerator 1 0.4 0.4 0.4 0.4
Cempeonent |Curing accelerator 2
(F) Silane coupling agent 1 0.1 0.1 0.1 0.1
Silane coupling agent 2 0.05% 0.05 0.05 0.05
Compecnent - :
Silane coupling agent 3 0.05 0.05 0.05 0.05
(G) . .
Component Aluminum hydroxide
Other Carbon black 0.3 0.3 0.3 0.3
additives [Carnauba wax 0.1 0.1 0.1 0.1
s Spiral flow [cm] B5 B8 106 102
Fl bilit -
owabi-i lere sweep ratio [%] 8 7 5 5
Flame resistance test Fmax 14 5 4 5
[sec]
Fla@e Flame resistance test IF 51 12 14 16
resistance |[[sec]
Flame resistance Fest V-1 V=0 V-0 V-0
rank c¢f flame resistance
HeaF Glass tran51t%on point Tg 166 163 139 138
resistance |[[degrees centigrade]
Water c s .
absorption [C011ing water absorption 0.153 [0.151 l0.123  |o0.128
ratio [% by mass]
property
Continuous
molding Continuous molding property [A A A A
property
Solder resistance test 1
inumber of defective devices [3/6 3/6 0/6 0/6
in n=6]
iZiggiance Solder resistance test 2
[number of defective devices |0/6 0/6 0/6 0/6
in n=6]
Determination S % o o
High High temperature storage life
temperature| (HTSL) 0/10 0/10 5/10C 6/10
sForage Determination o o x %
life




Curing accelerator 2 (F) Conponent Silane coupling agent 1 0.1
0.1 0.1 0.1 Silane coupling agent 2 . 0.05 0.05 0.05 0.05 Silane

coupling agent 3 0.05 0.05 0.05 0.05 (%? Conponent Al um num

hydr oxi de
[Table 2] (Continued)
Comparative Example
5 6 7 8
{A) Phenol resin 1
Compcnent |Phencl resin 2 5.19
Phencl resin 3
232:; Phenol resin 4 5.19
agentg Phenol resin 5 5.54
Phenol resin 6 4.38
Epoxy resin 1 6.96 8.12
(B) Epoxy resin 2
Component |Epoxy resin 3
Epoxy resin 4
Other epoxy|Bpoxy resin 5
resins Epoxy resin 6 7.31 7.31
(c) Inorganic filler 1 86.5 86.5 86.5 86.5
Component
(D} Curing accelerator 1 0.4 0.4 0.4 0.4
Component [Curing accelerator 2
(F) Silane coupling agent 1 0.1 0.1 0.1 0.1
Silane coupling agent 2 0.05 0.05 0.05 0.05
Component - ;
Silane coupling agent 3 0.05 0.05 0.05 0.05
{G) . .
Component Bluminum hydroxide
Other Carbon black 0.3 0.3 0.3 0.3
additives |Carnauba wax 0.1 0.1 0.1 0.1
o Spiral flow [cm] 114 109 32 78
Fl
OwabllltyWire sweep ratic [%] 5 5 12 10
Flame resistance test Fmax 1 1 5 30
[sec]
Fla@e Flame resistance test EF 1 5 12 150
reslistance |[sec]
Flame resistance Fest V-0 V=0 V=0 Burn out
rank of flame resistance
Hea? Glass tran51t}on peint Tg 135 135 168 181
resistance [[degrees centigrade]
Water N .
absorption B01%1ng water absorption 0.134 0.119 0.122 0.320
ratio [% by mass]
property
Continuous
molding Continuous molding property [A A i o]
property
Solder resistance test 1
[number of defective devices |0/6 0/6 3/6 6/6
in n=6]
iZiiziance Solder resistance test 2
[number of defective devices |0/6 0/6 0/6 3/6
in n=6]
Determination o o % %
High High temperature storage life
temperature| (HTSL) 8/10 8/10 0/10 0/10
s?orage Determination x X o o
life
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additi ves Carbon black 0.3 0.3 0.3 0.3 Carnauba wax 0.1 0.1
1 Flowability Spiral flow [cn] 114 109 32 78 Wre sweep ratio
5 12 10 Fl ane resistance
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[0139]

Respective Examples 1 to 9 include a resin composition
containing a phenol resin (A) containing a polymer (al) having
structural units represented by the general formula (1}, an epoxy
resin (B) containing at least one kind of epoxy resin selected from
the group consisting of a triphenol methane type epoxy resin, a
naphthol type epoxy resin and a dihydroanthracene type epoxy resin,
and an inorganic filler (C), one obtained by changing the structure
of naphthol of the phenol resin (A), one obtained by changing the
kind of three kinds of the above epoxy resins, one obtained by
changing the kind of the curing accelerator (D), and one with the
addition of an inorganic flame retardant (G). The results showed
that all of such resin compositions were excellent in a balance
among flowability (spiral flow, wire sweep ratio), flame
resistance, heat resistance (glass transition point), water
absorption, continuous molding property, solder resistance and
high temperature storage life.

[0140]

On the other hand, the results showed that Comparative
Examples 1 and 2 using the phenol resins 3 and 4 substituting
alkyl-substituted phenol of the phencl resin (A) with para-cresol
were inferior in the flowability (spiral flow, wire sweep ratio),
continuous molding property and sclder resistance. In Comparative
Examples 3 and 4 using an ortho-cresol novelac type epoxy resin
instead of three kinds of the above epoxy resins, the results showed
that high heat resistance (glass transition point) was not achieved

and high temperature storage life was inferior. Furthermore,
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continuous molding property was also inferior. Similarly, also
in Comparative Examples 5 and 6 using a 4,4'-dimethylbiphenyl type
epoxy resin instead of three kinds of the above epoxy resins, high
heat resistance (glass transition point) was not achieved and high
temperature storage life was inferior. Furthermore, continuous
molding property was also inferior. In general, in Comparative
Examples 2, 4 and 6 using the phenol resin 4 substituting
alkyl-substituted phencl of the phenol resin (A) with para-cresol,
the curability was slightly lowered and as a result, continuous
molding property was lowered. In Comparative Example 7 using the
exlsting co-condensation type curing agent consisting of cresol
and naphthol, KAYAHARD NHN, the viscosity of the resin composition
was increased so that the wire sweep ratio was extremely inferior,
and solder resistance and continuous molding property were
inferior. In Comparative Example 8 using both a polyfuncticnal
epoxy resin and a polyfunctional curing agent, excellent high
temperature storage life was achieved at a high glass transition
point, Dbut flame resistance and solder resistance were
significantly inferior.

[0141]

As shown in the above results, only a resin composition using
both the phenol resin (A) and three kinds of the above epoxy resins
of the present invention was excellent in a balance among
flowability (spiral flow), flame resistance, glass transition
point, water absorption ratio, continucus molding property, solder
resistance, high temperature storage life and wire sweep ratio.

More remarkable effects were resulted than expected.
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[0142]

According to the present invention, it is possible to obtain
a resin composition for encapsulating a semiconductor which
exhibits flame retardance without using a halogen compound and an
antimony compound, and 1s excellent in a balance among solder
resistance, high temperature storage life and continuous molding
property at a higher level than conventional ones, so that it is
suitably used for encapsulation of semiconductor devices used for
electronic devices which are intended for outdoor use, in
particular, semiconductor devices used for automotive electronic

devices requiring high temperature storage life.
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i nclude a resin conposition containing a phenol resin (A) containing

a polymer (al) having structural units F%presented by the genera

formula (1), an epoxy 5 resin (B) containing at |east one kind of

epoxy regiprpel ected fromthe group consisting of a triphenol nethane

type epoxy resin, a naphthol type epoxy resin and a di hydroant hracene

type epoxy resin, and an inorganic filler (C, one obtained by

changi ng the structure of naphthol of the phenol resin (A), one

obt ai ned; by changing itrhecdf-kknd; 8 tfHJ_eeeKbQ§§quatt_LB§ abOvRERMuctor

resins, one obtained by changing the kind of the curing accel erator
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tenperature storage life. [0140] On the other hand, the results

showed that Cogpad aldoss; 20sExaP| esntaané 2t ugangd bhe henek dRstNsedin
and 4 substituting al kyl -substituted phenol of the phenol resin (A
with pargeTeesoll YebR ithkekiroup rdha fdionphit i 4 yt £5phenbl f hevhawer € ype
sweep rati o), continuous nolding property and sol der resistance. In
Conpar atéyex Exeeples 3 ashthalsitypar@inasiesendnavai agdkyaetepexne
resin 25 instead of three kinds of the above epoxy resins, the

resultt s syissedpoxy resin,
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(R2),

wherein, in the general formula (1), Rl is a hydrocarbon group

having 1 to 6 carbon atoms; R2 1s a hydrocarbon group having 1 to

6 carbon atoms or an aromatic hydrocarbon group having 6 to 14

15 carbon atoms, and may be the same or different from each other;
a is an integer of from 0 to 2; m and n are each independently an
integer of from 1 teo 10; m+tn is 2 or more; and the structural units
represented by the repetition number m and the structural units
represented by the repetition number n may be arranged in line

20 continuously, alternately or at random, but necessarily each have

a structure having -CH2- between them.

2. The resin composition for encapsulating a semiconductor
according to claim 1, wherein said epoxy resin (B) comprises at

256 least one kind of epoxy resin selected from the group consisting
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exhlblts flame retards wi t hout using a hal ogen conpound and an 5
=xcektl ent in a balance anong sol der

resi stance, high tefrpe RNZe torage life and continuous nol di ng
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el ectroni c devices whi ghRded for outdoor use, in 10
particul ar, sem co ces Used for autonotive electronic
devices requiring highstenper bure storage life. 75 CLAIMS 1.A resin
conp®sition for encapsu?atlng a®semni conduct or conprising a phenol

resin (A, an epoxy resin (B) and an |norgan|c 5 filler (C, wherein

sai d phenol regireiNy, dontle genensd feerulal §3)halkinig a hy{drRgarkon group
represented by the general fornmula (1), and sai d epoxy resin

(B) cont%@‘ﬁ%‘n@tl |t@agt0@ﬁ?éonk|arrd3r%ﬁ Oépés%yalf@é@ﬁl@&%&E@Hﬂ#b@mquwmh@ﬁgng
consisting of a triphenol nethane type epoxy resin, a naphthol type

epoxy re&iFP abtl FRIRIY G ARG ME VLB Jhe Sgegy OFesilifegant from each

other; R5 is a hydrogen atom, a hydrocarbon group having 1 to 6
15 carbon atoms or an aromatic hydrocarbon group having 6 to 14 carbon
atoms; ¢ is an integer of from 0 to 5; q and r are each independently
an integer of 0 or 1; and G is an organic group containing a glycidyl

group,



wherein, in the general formula (1), Rl is a hydrocarbon group having
1 to 6 carbon atons; R2 is a hydrocarbon group having 1 to 6 carbon
atons or an aromati c hydrocarbon group haV|ng 6 to 14 15 carbon
atons, and may be the same or different’fromeach other; a is an
integer of fromO to 2; mand n are each independently an integer of
from1l to 10; mn is 2 or nore; and the structural units represented
by the repetition/mMunber mand the stryctural units represented by

t he repetltlon nu fﬁ\fu”{ & gﬁfﬁjf?rézﬂ&Regntinugysly,
alternately or %% {rantior<btithece ahw' Fpave a SPructure
havi ng - CH2- between them 2. The resin/sconposition for encapsul ating

a sem conduct or according to claiml1l, wherein said epoxy resin

(B) comprises ghe2siheast tHQ%éﬂ%P?ﬁo??grﬂé (£5] ReSEl %Cﬂ%&r£%9%$£'egroup
group consisting an epoxy resin r epr esent ed

gener al ﬁQ%ﬂH531G§96 @QrEBHX§t6ﬁ§Rﬂ:@QZﬁr&ﬁQE?éeﬁﬁﬁgo@¥r$8§qﬂ%ﬂﬁgﬁav1ng
formula (3) and an epoxy resin (b3) represented by the general

formul a §4}o QB rbok R3)né RAK M%@'trhe idhntd & Oene @ r S MR each

(2), R3 is a hydrocarbon group having 1 to 6 carbon atons or an

ar omgj i Cobydrpcar DN QT OMpePaYi B HréR dASat pan B .1 AG BB D& rom 0
the sanme or different fromeach other; b is an integer of fromO to

4, p is ap iotegrn of ikram drianie; g@debeﬁtaﬁth@aﬁl@l@h@@@l group.
containing a glycidyl group, wherein, in the genera

formula (3), R4 is a hydrocarbon group having 1 to 6 carbon atons or

an aromati c hydrocarbon group having 6 to 14 carbon atons, and may be
the sanme3or difher erlsitr cramesd wider FoRS dricap A 0GeN at @@nidonductor
hydr ocarbon group having 1 to 6 15 carbon atons or an aromatic

hydr ocar®esogaong bavicngia tl9 Wheoaribortlad oneI ¢ikSo8btiynhegesooklegrees
from0O to 5; g and r are each independently an integer of 0 or 1; and

G i sian oegabgeageodp santiaphenglargkyai dgt) gsodfpom 170 to 7.0 dPa:sec.

4, The resin composition for encapsulating a semiconductor
according to claim 1, wherein R1 in said general formula (1) is

a methyl group.

15
5. The resin composition for encapsulating a semiconductor
according to claim 1, wherein the ratic of the polymer component
in which (m,n) is (2,1) in said phenol resin (A) measured by the
gel permeation chromatography {(GPC) method is from 30 to 80% by
20 area.

c. The resin composition for encapsulating a semiconductor
according to claim 1, wherein said resin composition for
encapsulating a semiconductor further contains a curing agent, and

25 saild phenol resin (A} is contained in an amount of 50 to 100 parts



wherein, in the general formula (4), R6 is a hydrocarbon group having
1 to 6 carbon atons or an aromatic hydrocarbon group having 6 to 14
carbon atons, and may be the sane or di%%erent fromeach 5 other; d
is an integer of fromO to 8, s is an integer of fromO to 10; and G
is an organic group containing a glycidyl group. 3. The resin
conposi ti{,gn C u i ng 1.C i AGS i claim1l,
wherei n ?gem%%% Sﬁsgggibékgg f 0 g&rggg%%%gientigﬁgégg% 'sai d phenol
resin (A) is froml1l.0 to 7.0 dPa.sec. 4. The resin conposition for
encapsul ating a sem conductor according to claim1l, wherein RL in

said gengral feppuladil) ESmBofBthYh FRURNIspsPratitey ! 8Sidtmiconductor
conposition for encapsul ati ng a-sem conductor according to claim1l,

wher ei n Lhectathg ©6 d1RE P9, YIRE 6 OANANGRE sk NoMBi IEthd MNkai8 dBody) rddkin
sai d phenol resin (A neasured by the gel perneation chromatography

(GPO)s nes8Rdctedf FRBM3@ Hed RO YA BSephg &F dherhphibRolOMReSiahicOn ype
for encapsul ati ng a sem conductor according to claiml, wherein said

resin cogpegit +e8ih0ra enesipshdb Bt t Pife e S@N GRIUCTATd fUiMgH oM dIMSTene
a curing agent, and 25 said phenol resin (A) is contained in an

amount ofype &PodPO0rpaihsSis 7SobyaiBes im dOkmAIS &y TOsH AfoEPLts by
curing agent. 7.The resin conposition for encapsulating a

sem condugsor iacto0dpagttobel abeslofwWeanid epalkyl eastinona)ki nd of said

epoxy resin 5 selected fromthe group consisting of a triphenol

met hane type epoxy resin, a naphthol type epoxy resin and a

di hydroant hracene type epoxy resin is contained in an anount of 50 to

100 part8. by nBlss iresliol panpssbyismssoal eaiabapoxyinesan sel)icot@uctor

8. The resin conposition for encapsul ating a sem conductor according

to cl ai m@contieéngito atldiealt winerdlmdtoiesaicdoepdxind esi Raid epoxy resin

sel ect edf rom t hegr oupconsi sti ng of sai depoxyresin (bl) represented by

t he genesalefoedulfard?) tbai depgxycoesiat{bg) of said epoxy resin (bl)
represented by the general formula (2), said epoxy resin (b2)
represented by the general formula (3) and said epoxy resin (b3)

15 represented by the general formula (4) is contained in an amount

of 50 to 100 parts by mass in 100 parts by mass of said epoxy resin

(B).

9. The resin composition for encapsulating a semiconductor
20 according to claim 1, wherein the content ratio of said inorganic
filler (C) is from 70 to 93% by mass, based on the total resin

composition.

10. The resin composition for encapsulating a semiconductor
25 according to claim 1, wherein the content ratio of said inorganic
filler (C) is from 80 to 93% by mass, based on the total resin

composition.



represented by the general fornmula (3) and said epoxy resin (b3) 15
represented by the general fornmula (4) is contained in an amount of

50 to 100 parts by nmass in 100 parts by_nass of said epoxy resin (B)

9. The resin conposition for encapsul atihg a sem conductor 20

according to claim1, wherein the content ratio of said inorganic

filler (C) is from70 to 93% by nass, based on the total resin
conposition. 10. The resin conposition for encapsul ating a

sem condyet or r.di el aj [ : ent i

ol d i motgan ST FLerr o orR8p b ar o 12 0 Sor ey et A o2y A fyluctox

t ot al reéEEoEQﬁﬁgskbi%ﬂaim7%, ¥herEh® 8Sid & g%%?%%kﬁﬁp &an reefesented

encapsul ating a sem conduct or accordi ng to c erelrn sal

epoxy reﬁﬂr“tﬁ@'éeﬁ@P&fS%rﬁﬁQy%Z)h%éJ%?ﬁ{t@iﬁe@ Tl @n( ZholiAtcOBt S N&Y 100
in an anount of 50 to 100 5 parts by mass in 100 parts by mass of

sai d £poxyr£8shy fuBks iﬁzioﬁhﬁa&%%i%ﬁcﬁﬁﬁ%shki%%ibobp%ﬂﬁﬂgﬁﬁﬁéiiﬂﬂ.a
sem conduct or according to claim1, further conprising & curing
accelerator (D). 10 13. The resin conposition for encapsulating a

sem conductor according to claim 12, wherein said curing accel erator

(D) conpipsesri heash O@@mﬂsb@ﬂt%nc%mgea@ﬁﬁbauafc%gseéecste%id‘drfanctor
the group consisting of a tetra-substituted phosphoni um conpound, a

phosphobgtabpei 6gnOWIinaN , agdtehe Bfcanphiasiiy BeceemnguEtansrd&o R (D) .
gui none conpound, and an adduct of a phosphoni um conmpound and a

silane compound. 14. The resin conposition for encapsulating a

sem conduct or according to claim1, further conprising a conpound (E)

in Wy ch120 arHwdrexyh gtomposstbondetbr oefaapsaf atWMagora N¥eghi conductor
adj acent carbon atons constituting an aromatic ring. 15. The resin

conposi t aeBot ot ngncapswlatimngla, serheosnithicisericaceardhgg decel@atdr (D)

further conprising a coupling agent (F). 25 16. The resin

conposi ttomptbsesnaapiehati pgeakiani odnduetiory accelerator selected from
the group consisting of a tetra-substituted phosphonium compound,
a phosphobetaine compound, an adduct of a phosphine compound and

15 a guinone compound, and an adduct of a phosphonium compound and

a silane compound.

14. The resin composition for encapsulating a semiconductor
according to claim i, further comprising a compound (E} in which
20 a hydroxyl group is bonded to each of two or more adjacent carbon

atoms constituting an aromatic ring.

15. The resin composition for encapsulating a semiconductor

according to claim 1, further comprising a coupling agent (F).
25

16. The resin composition for encapsulating a semiconductor

according to claim 1, further comprising an inorganic flame



80 retardant (G . 17. The resin conposition for encapsul ating a

sem conductor according to claim2, wherein said epoxy resin (b2)
represented 5 by the general formula (3& is contained in an anount of
50 to 100 parts by mass in 100 parts by%%mass of said epoxy resin (B)
18. The resin conposition for encapsul ating a sem conductor according

to clai i ai d epoxy resin (b3) represented 10 by the
generaln¥gFﬁ£?§B?4?G?§ contained in an anount of 50 to 100 parts by
mass in 100 parts by mass of said epoxy resin (B). 19. A

sem conduct or devi ce, obtained by encapsul ati ng a sem conduct or

el ement ThEhﬂﬂu?uEégiqugHﬁﬁogitigﬁ Hﬁﬁjneﬁegggﬁh%kgﬂgliaf%%miconductor
encapsul ati ng a sem conductor according to clarm 1.
according to claim 2, wherein sald epoxy resin (b2) represented

5 by the general formula (3} is contained in an amount of 50 to 100

parts by mass in 100 parts by mass of said epoxy resin (B).

18. The resin composition for encapsulating a semiconductor
according to claim 2, wherein said epoxy resin (b3) represented
10 by the general formula (4) is contained in an amount of 50 to 100

parts by mass in 100 parts by mass cof said epoxy resin (B).

19. A semiconductor device, obtained by encapsulating a
semiconductor element with a cured product of the resin composition

15 for encapsulating a semiconductor according to claim 1.



