1 SPECI FI CATI ON RESI N COVPCSI TI ON FOR ENCAPSULATI NG SEM CONDUCTOR AND
SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001] The present
invention relates to a resin conposition for encapsulating a

sem conductor and a sem conductor 10 device. BACKGROUND ART [0002] A
sem conduct or devi ce has been encapsul ated for the 15 purpose of
protecting a sem conductor el enegtpE@DFUAMIENectric insulation and
achi eving easy handling property, and the transfer nolding has been a
mai nstreamw th the use of an epoxy resin conposition fromthe

vi ewpoi nts of the productivity, cost, reliability and the like. In 20
response RpSthe ceMpels Iequiy ereRrt £ 106 A0@UEASING St ZR I CAREHBRSITW AND
wei ght and i ncreasi ng performance of el ectronic devices, a novel

joint technol ogy such as surface moubdUgmohas beeagdevel oped and
comercialized, in addition to high integration of sem conductor

el emsnts, 25 and mniaturization and high density of sem conductor
devices. This technical trend has also influenced on a resin

conposi tren HorcancapsyL.at i ng a sem conductor, and 2 required
performance has been upgraded and diversified year by year. For
exanpl e, as[forispl ders used for surface nounting, use of |ead-free
sol der instead has been pronoted against 5 the background of

envi ronment ah eprobd 88%.t ThHe viael ¢ 1 54 &%Pat%f | £3d+f rees sl Qﬁf{ﬁ b$ i tion
hi gher than that of the conventional |ead/tin solders, and - ref

mount i Ngr H@MREK Ak W I eas ANV |qﬂ@% 2

degrees centigr adgsq%%§t18&{ ogzgger%{égg]ges ng%l gra . %oéﬁbg?%a(%m:tor
resiyg craeks g e easily fornmed, delam nation easily occurs inside the
sem conduct or device, or sol der resistance is not sufficient in the
conventional encapsulating resin conposition in sone cases.
Furthernore, for the purpose of inparting flane

BACKGROUND ART

[0002]
A semiconductor device has been encapsulated for the
15 purpose of protecting a semiconductor element, ensuring
electric insulation and achieving easy handling property,
and the transfer molding has been a mainstream with the
use of an epoxy resin composition from the viewpoints of
the productivity, cost, reliability and the like. In
20 response to the market requirements of decreasing size,
decreasing weight and increasing performance of
electronic devices, a novel joint technology such as
surface mounting has been developed and commercialized,
in addition to high integration of semiconductor elements,
25 and miniaturization and high density of semiconductor
devices. This technical trend has also influenced on a

resin composition for encapsulating a semiconductor, and



15 retardance, a brom ne-contai ning epoxy resin and an antinony oxi de
have been used as a flane retardant in the conventional encapsul ating
resin conposition. However, there is a %romﬁng opportunity to

el i m nate such conpounds fromthe viewpdints of recent environnental
protection and 20 inprovenent of safety. Furthernore, in recent
years, ekeciuDned deytEesrsaitheash £85 Heaitd OPlid£40R0RESI WHHGIE AE€Fied
i ntended for outdoor use have cone into wide use. In these
appl i cat yens; bheyeperational reliability under severer environnent
than 25 the conventional personal conmputers or household electric

appl i ances hay keefmpn edenmndsoknspardé e8! ake izt SRR MM Rounting,
storage characteristics have been 3 demanded as one of nandatory

requi r enestess dif 1844 @PBli /e SPRUIGALI 088 e 230 HABIb b Eni B RACSEERN U llinst
mai ntain the operating and functioning of a sem conductor device at a

hi gh g enperatiyis 6 kofr PR dt & A8OndawF 88MGTANM | 9034, 1 8RS 8 CORLENEL 9Ral, ¢

t echnol ogy, there have been proposed a net hod of enhanci ng

hi gh- t enperalir g rstiaf age rohag agtard stkcs Andi g9l der t hesi st ance Y the
conbi ni ng an epoxy resin having a napht hal ene "skel et on and a phenol

resin curbhg, &geRl MRV NG Ay papht hab ene skel ghon {Pat %figwmﬁwﬁ@%g

1 and 2) and a nethod of enhancing high-tenperature storag

char act etbﬁﬂéﬁa%%(%é( | 28 resiebance by &P”Pbg%iv'”églb@iBfPl%SPh%!és to 340

cont ai ni ng conpound (Patent Docunents 3 and 4). wever, it is

to mentigaqihdd sacewdi gh-ahie bat @'?3 ittt gbaﬁ%edzﬁéjaét ANGE i 12ade, so

conti nuous nol di ng property and sol der resistanc as "been achi eved’

throygh these fetheds . 8oy GaseS, 'éj/u%fﬁlie@iedﬁaée)i)%ﬁ’in\’gﬁgon easily

m ni aturi zati on and popul arization o t oot 1 vé ctronic devi ces,

t here hag beens deppnded f@meeng@&%@ﬁm%ﬂsﬁgaewmgsi td onguhigh. is

wel | bal anced 20 anong fl ane resi stance, er resrstance;

vel | bal anced 20"ar fan . y
or aper {y CRELATEB SOCLVERT 250003 - at it Shbungar 1L Japdese

Lo Coeant st 1Bl getiahy oo AT, 4o,y Sghenla DRt 2

Furthermore, for the purpose of imparting flame

15 retardance, 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 environmental protection and

20 improvement of safety.

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

25 the conventional personal computers or household electric
appliances has been in demand. In particular,

high-temperature storage characteristics have been



Pat ent Docunent 3: Japanese Lai d-OQpen Patent Publication No.

2003- 292731 5Pat ent Document 4: Japanese Lai d- Open Patent Publication
No. 2004-43613 DI SCLOSURE OF THE | NVENTI;ON [ 0004] 10An object of the
present invention is to provide a resin conposition for encapsul ating

a sem conductor excellent in balancing flame resistance, sol der

resi st andemamghdt enpes akuref shanage: 6hgr acs @i i $laintdn R 16PN i BVRUSE 1 ve
nol di ng property, and a sem conductor device using the 15 resin

conposi t ke If beaercapsyl aid ngha tsefm corducs 8es {PPP5k o mSueh An the
object is achieved by the present invention specified by the matters

descri bedpier 4 benfoold o Agnlct] i 68 iG] .o 2Ok 1k e r@ShBuGHPPSHERON- & 05+ 4
encapsul ati ng a sem conductor including a phenol resin (A) containing

a conponkiigl epeggant edulbe tde fidd onbna HENaLd rd OEMHh £ 1) Ale .
epoxy resin (B); and an inorganic filler (C), [0006] 25[ Chemi cal

Formd a 1] Awhereomvéntlilkem geneean fO18¢ha (fhe rEWRR¥AIOXYL GreURSsed
bonded to the sane napht hal ene group are bonded to different carbon

at oms OnaamPhbBalEnee hindti c Rh g s £86h tehpderandest Iy & Aydr ocar bon
group having 1 to 60 carbon atons; as are each independently an

i nt eger th}é@t5¢ﬂ%ﬁic%a%han@%¥@g%n@é%ﬁ@ﬂdﬁ@@ebyﬁcgmBQﬁgngngn
nis an integer of 1 to 10. [0007] 10[2] The resin comnposition fo

encapsul abioig, ars@M CORENGLRY ACGH GhRe 4100 £ ] ,sw@fé%iomtggdp%enﬁh ol
resin (A) contains a conponent in ich RL in the general formula ?f)
is a grodpsriapresenief Lychhe rfol| Ay B9 I8NCE AL f S BUL8 (Wt on (Patent

10 Documents 1 and 2) and a method of enhancing
high-temperature storage characteristics and flame
resistance by combining a phosphorus containing compound
(Patent Documents 3 and 4). However, it is hard to mention
that a sufficient balance among flame resistance,

15 continuocus molding property and solder resistance has been
achieved through these methods in some cases. As described
above, with miniaturization and popularization of
automotive electronic devices, there has been demanded an
encapsulating resin composition which is well balanced

20 among flame resistance, solder resistance,
high-temperature storage characteristics and continuous

molding property.

RELATED DOCUMENT
256 [0003]
Patent Document 1: Japanese Laid-Open Patent

Publication No. 2007-316091



15[ 0008] [Chem cal Formula 2] wherein, in the general formula
(2), R2 and R3 are each independently a hydrogen atomor a

hydr ocarbon group 20 having 1 to 3 carbgn atons; R4 is each

i ndependently a hydrocarbon group having 1 to 3 carbon atons; c is
each independently an integer of 0 to 4; and mis an integer of 1 to

5. 6 [0009atent3botheneas rncona%%irﬁé@@ frof 1 gneansyl abHivgn 8
sem conduct or according to [1] or [2], wherein the phenol resin (A

cont ai nspaclompanerin Wibh ne®gte 221 § pgiphe general 5 forrmula (1) in an
anount of equal to or nore than 50% by mass and equal to or |ess than

100% by nassathasedper dhentotnl phenolckesimh{A)ropen balcJhe resin
conposition for encapsul ating a sem conductor according to any one of

[1] to [BhbmheseiinnlOnbhe Dhgnalz ge$kn (A) contains a conponent with
n=0 in the general fornula (1) in an anobunt of equal to or nore than

25% by masspar@ £guBb it fhtl e85 bhyh 1O%ebY, MRgs o hased .qn. L pe total
phenol resin (A). [5] The resin conposition for encapsulating a

15 sem con@uct O +acHPr gbny d@pany poesof [2] to [4], wherein the
phenol resin (A) contains a conponent in which RL is a group

represented by the general fornmula (2) in an amount of equal to or
nore than 20% by area and equal to or | ess than 80% by area, based on

the totaprpienobukesi Br(Akr | PR Rgodr ea conversion nethod of the
gel permeation chromatography (GPC) neasurenent net hod. [6] A

sem conduct ppp@eyj ce obtai ned by encapsul ating a sem conduct or
el ement using the resin conposition for encapsul ati ng a sem conduct or

accardi ng teLagy e Qif[t'l-rlezgg:gs[eq“]t EEFEGE &, THE %!}'\@E‘Zlv%e a resin

composition for encapsulating a semiconductor excellent
in balancing flame resistance, solder resistance,

high-temperature storage characteristics and continuous
molding property, and a semiconductor device using the

15 resin composition for encapsulating a semiconductor.

[0005]

Such an object is achieved by the present invention
specified by the matters described in the following [1]
to [6].

20 {l] A resin composition for encapsulating a
semiconductor including a phenol resin (A) containing a
component represented by the following general formula
(1); an epoxy resin (B); and an inorganic filler (C),

[0006]

25 [Chemical Formula 1]



7 [0010] According to the present invention, there are provided a
resin conposition for encapsul ating a sem conductor excellent in

bal ancing fl ane resi stance, solder 5 resistance, high-tenperature
storage characteristics and conti nuous nol di ng property, and a

sem conduct or device using the resin conposition for encapsulating a
sem conductor. 10 BRI DESCRI PTI ON OF THE DRAW NGS [.0011] The
above and otRes._qgbj , advantrages angdyf eaguges of the present

i nvention will dmse{ia : escription of
certain prefgn; i 2 ith the™
acconpanyi ng draw ngs,~in which: Fig. 1 1s a viewdhlustrating a
cross-section structure of an exanple of a sem conductor device using

a resin conpesité On,f Oh eReageuleati NOr @ra@M L£ONAUCHOL - aceQL-AiNg1 Prbps
t he present invention. Fig. 2is aviewillustrating a

Cross- seploirie 8t RUCtthe fad @sME R a0fe Be 0B8-Si de s6ncapsulal £dr

sem conduct or device using a resin conposition for encapsulating a

senm conduGtiof e 266@ B NFbbd tdERLESENta | DYBRALIRM «23F 19 03,1 %18

chart of a phenol resin 1 used in Exaﬁ%lesgand CD%paré%P%é'E%&hﬁﬁgg?aCh

Fig. # isnadPaMashary of i e 4 ; |
Cbnparatiézliggnples. y %%fgygggggiéﬁéécQE%%#? g¥i§}3 eﬁéﬁﬂyegﬁnqggrbon

Usedir‘Ek@ﬂ%?Sa%m$§@”P§6ﬁiﬂﬁdgé%ﬁﬁ?ﬁtly a %5%%?5 8RS 5; b

chart of a phenol resin 3 used in anples 5 aﬁa arative
Exanpl es; FLg- ihd I nale resi us [ :
Exanpl eslgnde @npérzlac%éé%gné%%r/gllggaﬁ th%lfg%’?{l %‘FI &I JE]Q %I\?BC%?E/ER?TSLS an

10[m”2]integer of 1 to 10.

[0007]
10 [2] The resin composition for encapsulating a
semiconductor according to [1], wherein the phenol resin
(A) contains a component in which R1 in the general formula
(1) is a group represented by the following general formula
(2),
15 (00081

[Chemical Formula 2]

(2}

wherein, in the general formula (2), R2 and R3 are each
independently a hydrogen atom or a hydrocarbon group

20 having 1 to 3 carbon atoms; R4 is each independently a

hydrocarbon group having 1 to 3 carbon atoms; ¢ is each

independently an integer of 0 to 4; and m is an integer

of 1 to 5.



Preferred enbodi nents of the resin conposition for encapsul ating a
sem conductor and the sem conductor device according to the present
invention will be described in nore detail wth reference to the
drawings. 15 Incidentally, in the description of the draw ngs, the
sanme conponents are assigned the sane reference nuneral s and

expl anati ongotgreg pof will not be repeated. [0013] The resin

conposi tion for encapsulating a sem conductor 20 of the present

i nvention i pelhudesea rehensl dcﬁﬁ;basﬁ@léﬁpﬁf%ﬁﬁnéﬁ@a%ﬁh%tfl%Ji;O\é!' ng
general formula (1), an epoxy resin (B), and an inorganic fifler (C).

[ Chem cakemprdtthauHto? Berdedit aqt ke same Haphshal %@%ﬂé@ﬂpt%reeghenol

bonded to different carbon atons on a naphthalené ring; RL is ea

i ndependentd iyn a Ay dk OR&IDONs X Q,Ltpmtae\ﬂétgt 1wteh69—feaftta>0@ 4o P fal
each independently an integer of 0 to 5; I's each 1 ndepen en I’y an
integer eb i Pad;(19Ndi A L% ahdAheIe s O g Qatloé& o;_[hﬁloq{@neha s by
(A) according to the present invention |s conposed

componenialall Wi &he oifh £ heo aBeVE Lenek A ArYHA A (Lha Ik | Sp 2R JJ1AICE e
of 1 to 10, and a second conponent |ch Int ove general 0

formula {Lkan beedbiNtegesy of a0. [0014] In the present
i nvention, the phenol resin (A) represented by the general formula

(1) (herei nt\tt]ermtefererseente %Q?eﬁh@f?mforrteséﬂc%)gu% used. a1he

phenol 15 resin contains e skeleton a | éne

skel et ongLg, L6, ARl eyl e, é%cloaghg,gpm f@ngeg'fs amcects ggg%eow,m

and the elastic no us of a cure S furt naln

and ﬂhvdrea@ogn%txllzg 'Jt&ﬁet‘ﬁﬁ V&g@tcg%s dc%m 94 efrtence S AF% 5 the

increased. T consi de ause t per epébtlng

uni t of %Q%@{]QEH o@rrﬂ.}&/ﬁ[gci'ire 15 éﬂcsﬁ%%%? cgf % ane’?ﬁge?g;ntorﬁ:eSItnhan

(A) has eno dro groups on a nap ene r

structurgg °S%%%g tsheargé Qﬁ%ﬁoﬁytagr%uas S‘ trhea""rg:t o\émst Pﬁﬁ%ﬁgpogased

group of the oxy resin, i Stance” Betwsen

poi nts | gealdy. becanes B?ﬁ%&ols%egh a-cured product of the

[5] The resin composition for encapsulating a
15 semiconductor according to any one of [2] to [4], wherein
the phenol resin (A) contains a component in which R1 is
a group represented by the general formula (2) in an amount
of equal to or more than 20% by area and equal to or less
than 80% by area, based on the total phenol resin {A), in
20 the area conversion method of the gel permeation
chromatography (GPC) measurement method.
[6] A semiconductor device obtained by encapsulating
a semiconductor element using the resin composition for
encapsulating a semiconductor according to any one of [1]

26 to [51}.

EFFECT OF THE INVENTION



10 resin conposition for encapsul ating a sem conductor, the gl ass
transition tenperature beconmes high and excellent curable
characteristics are exhibited. In the pqﬁt, as a nethod of increasing
hi gh-tenperature 5 storage characteristi‘cs and flame resi stance, for
exanpl e, an epoxy resin having a naphthal ene skel eton and a phenol
resin curingoagemy having a naphthal ene skel eton were used in

conbi nation, or a phosphorus containi ng conpound was conbi ned (Patent

Docunent s 3aath Ad i ndowWeY &lhe i Prihle d €51 AvLEQ €CPHROS Ikt Hhe é?‘é rovided
curability was | owered and conti nuous nol ding property was omgred In

50m3CaSQSr4§QQMComp§@ﬂ€¥OHt@%rh@ﬂ%aéQEl@%ﬁﬂgﬁ%@%@%é@yhéQEtor

encapsul ati ng a sem conductor using the phenol res contarns

a bi phengkaral kxh iskelh eben @ﬁei@@aﬁfﬂhh@b%@g&%éh@'eet oD h iy dihe
wher e

structure of the phenol resin (A, y a cured prdduct “conposed

of the r@@g&g@gg@g;igmggaﬁéﬁggg%ﬁﬁ%éngt%EEQ%QQH9W§é¥e?§E%£$%§and

phenol resin (A) has properties conbining high | der resistance a

flame 20c065 S4A0CK RBY QY1 ping Y ?-t ratur perly;
and conti nuous nol di ng progg$t§.g%6%ﬁg ! %ﬂpﬁ ?h%eﬁ%iéﬁhg%ﬁ%gé?t?%ﬁylce
for encapsul,gtipg 2 SEOLGO o1 ibe.r ti [ he
af orenent i onrg% 25 phenol %r (I}Esjaljlﬁb%gl%Pgﬁ?%?egg%gﬁﬁ&é%?%ﬁbi $
particul aghy; Liputed-a8 long as it is fromO to 10 and nore
preferably fromO to 5. Wien the resin conposition for 11
encapsul ating a sem conductor is heated, nelted and m xed, or kneaded
within this range, it may well be kneaded. n is particularly
pr efyey ably 17t P ek 2o WA Bt il it T BRGG 7RSI N composi tion for
encapsul ating a senlconauctor E Ich’is a}so excellent in
flomability[g%qipf obt ai ned. [0018] The content of the conponent
wth n=0 to i he phenol resin (A) is not particularly limted,
but it is prefer fr 50.t0 100%.b ss in_the total phen

bR kst Bt B e P B A P it TR Fhep eatuzes

resin (A 1 erernafter, 0" " Tepr

nb : I j : icularly, ified). Furth t h
Content 8F THES cOSoahE WLFCREG Th $iTH the BRI T Rgne TRy fFeR the
bly. th 60% b d furth .
et or abty aqukt T8 e bEsRe TRGR 7050 By e Red - baced h EREAbtEpntS
h i .th ont ent. of t wth n=0 to 2 i ,
Phe Shens: Kbt b AL SUARET ARt Re SbobBSr SO R bt oo SrigbkR ity 10
for encagﬁg]qging a sem conductor excellent in flowability can be
obt ai ned. di 019]

Fig. 1 is a view illustrating a cross-section structure

not

of an example of a semiconductor device using a resin
composition for encapsulating a semiconductor according
20 to the present invention.

Fig. 2 is a view illustrating a cross-section structure
of an example of a one-side encapsulated semiconductor
device using a resin composition for encapsulating a
semiconductor according to the present invention.

25 Fig. 3 is a GPC chart of a phenol resin 1 used in Examples
and Comparative Examples.

Fig. 4 is a FD~MS chart of a phencl resin 1 used in



The upper Iimt of the content of the conmponent with n=0 in the
phenol resin (A) is not particularly limted, but it is preferably
equal to or less than 70% by nmass, and nor e preferably equal to or

| ess than 60% by mass, based 25 on the total phenol resin (A). Wen
the content of the conponent with n=0 is within the above upper

limt, apExeshpled positiciind ok encapsw:aihpgea sSem conduct or
excellent 12 in flane resi stance and sol der resistance can be

obt ai ned. Tha d 0weh d anGbcok niahe: ca)@taep%éa{oihﬁeg%@@nﬁete_dMﬂnhE%%Mes
t he phenol resin (A) is not particularly limted, but It is

pr ef er abby equahpl=0- HF i Y e khal 120%0 by mass, and 5 nore preferably
equal to or nore than 35% by nmass. \Wen the content of the conponent

with n=0 isrwig hignikhe @bevenkawers # iamphe P 9Cki Bg 06 &Q%cpg%n%g(amples
resin alone is hardly caused, and the resin conposition for

encapsul ahldgc mpIH £ORUCT O s HY NG t he phenol resin (A) may exhibit

10 excellent flow properties, fixation resistance and | ow wat er

absorption. phiy ordexr & oy haye pde-ganteng fof, t 0 . W th n=0,i
t he aforenent?%ned pf%ferable raﬁge, t he céht€ﬁ59§£§ gggaé}uétg§ECi In

accor di ngxtaqn;sbssn%mdcto%_pgﬁqecsi%be%@&tﬂeﬁs 15[ 0020] I ncidentally,

in a nethod of increasing high-tenperature storage characteristics
and sol der resistance by the use of a conventional epoxy resin having
a napht hal ene skeleton in conbination with a phenol resin 20 curing

agent hawyirnrg @1 papha @n%g§¥gbqﬁﬂ§N?§ descri bed in Reference

Docunent 1, when the flowability 1s [owered due to high viscosity, or
the 1y scosi fy s, { educed, there are problems such that the resin
conpositions in a standby state in a nolding nachine (25 to 30

degrees cenpi.grade) 25 fys eagh, ot her, and defective.
transfer thus Occu%g.%i Cﬁﬂgﬁglot%%%ghaoﬁ%, Ehfe TREM OPBBSIHT bhoforfor

13 encapsulating a semiconductor and the semiconductor

device according to the present invention will be
described in more detail with reference to the drawings.
15 Incidentally, in the description of the drawings, the same
components are assigned the same reference numerals and
explanations thereof will not be repeated.
([0013]
The resin composition for encapsulating a semiconductor
20 of the present invention includes a phenol resin (A)
represented by the following general formula (1), an EPOXY
resin (B), and an inorganic filler (C).

[Chemical Formula 3]

(R1) (R1)a

gﬁ o (R1) 25 {R1lb PPN
A ~) e = H <)

(OH)# (OH) 7

25 In the above general formula (1), two hydroxyl groups



encapsul ati ng a sem conductor using the phenol resin (A) of the
present invention is excellent in a balance between flowability and
fixation resistance. [0021] 5RIs in the phenol resin (A represented
by the general fornula (1) are each a hydrocarbon group having 1 to
60 carbon atonms, and may be the sanme or different fromeach other.

Wien t heprudes @fo CanBor £418M d;shedualed @ %&é@,lgsa_tﬁ@nbég,déaﬂetge't
V|sc05|ty of the resin conposition for 10 encapsul ating a

senm condyGtiof e PEEAESa L BWn S0: bhat dhey fﬂQ%Q‘ﬂéi¥n’@yrpﬁg' MROVEd, e dch
represents the nunber of substituent R s bonded on the sa

napht hal ereidpagdand] gs aarr?yﬁé%%df‘}%ﬁe’bdﬁélﬁgy haapviﬂg;e@ﬁrtgf 69 t gbon

and nore preferably an integer of 0 to present e nunber

of subst btcuans ; Rks hondedem airbsaé%r}@déhraqya@ %ygeéfhof

i ndependent |y an integer of 0 to and nore pre eragl an |ntegeroo?;

0 tog. [Q0ZZ-Rliigyiperganeta faQ{ miha dJd 1 $ N9 Pary C“%@Ei' Y25 an

limted as | ong as the nunber of carbon atons is from1l'

Exanpl esjinncd yde g smet by 19y Ou@hé“pﬁ‘égl 1%—9&’% %AW ané’éogd%]% r@B the

n- butyl group; an isobutyl group, a group, an n-pent

a 2-met hﬁlr@*gé/ﬁtgfﬂv%n@l nn’fghé%{ﬂlﬁtoyéegr&f'paz %%Pec%%{ HONP: 15‘ which,

n- hexyl group, 25 a 1-net pentyl “group entyl Qroup

3- net hyl , I I
gr gﬁp, yaﬁgn?ﬂd{? ?r‘%}tgﬁslebg% yﬁlgg:agﬁpf&PﬁMfngPgPdl ?Lhylabut y'lllp%rgpué yOf L to

di | | |
?1 ?1 d: g?% %ﬁ%lagéggg’“‘g‘% HA\P ﬁﬁ?y#pl;&%lupgﬁgu Zet hyef SRRV SgfSupsral

2 cyd ohexyln 9f qun 1 APheNYl; JLQUR.  ARen2vl caroup, & et hyt benzyl

group, 5 an ethyl benzyl “group, "a ha group, a bi phenyl group and

the |iKke. y, pe one of these hydrocarbon groups repeatedly bonded
0'BRY4

to each other or two or nore hydrocarbon groups bonded to each other.

ct 7 et 3? o) $oon B R SRR B D) BBl s ety N Bdnzy)

the || ke, 65%#‘%’%3%%?%%3&?%% 7ot S RER A CiPoutie pdi e EeE

o1 oup 1 oLt S b (o TOFI BCHLL 157 §eneh al 4 ??{’ﬁ"é‘e"s'(%? t°?%i“e§phenol
G Ot eRET TR ornt "h " bt DB R oF ShALL2RE FodtCPRREY Dine
1< pr Srerabran ddl whe ST AN "REHAETSEL Suame b ot shoe
Jibet bt SHTREERT UERY Gu BoSte Thi BRI A UHost 11 Bn SH12 1 flepToduct
R Pohg RIS W A bty RE et L ent R L

25 aut oxj dat.i on_phe non of ,a hydroxyl up i s suppressed and
st or age s?‘aebl'? Sowﬁgreérgaes%HSt effi ¢4l ‘?Zgﬁl"?uljdlﬁfeaseg This 1is

20 considered because the content per repeating unit of the
aromatic structure i1s increased.
[0015]
The phenol resin (A} has two phenolic hydroxyl groups
on a naphthalene ring in the structure, so that the
25 hydroxyl groups are reacted with an epoxy group of the
epoxy resin, and the distance between crosslinking points

locally becomes short, so that in a cured product of the



15 In the general formula (2), R2 and R3 are each independently
a hydrogen atom or a hydrocarbon group having 1 to 3 carbon atoms; R4
is each independently a 5 hydrocarbon group having 1 to 3 carbon
atons which is bonded on any position of’a benzene ring; c is an
integer of 0 to 4; and the nunber mof repeating units is an integer

of 1 to Zedbne €5ahlibncrds BRJIY 84900 LOsBniMEBauct th
preferablfi n1igbgﬁfintegeflof lto ggsHerg, fﬁg to?aﬁu¥% nurer-of m <

of the generak fcqrawé@t(i%)niﬁeh'ibeeﬁéle‘d%eg%‘é{:élmébﬂﬂgh% (al §x ejlent

preferably an integer of 1 to 5 and nore prefera I nteger o
to 8. [0G23iadhe consenlsiodiBe scoupanantckhat, i 8of Or oup I epresent ed

15 by the general fornula (2) in the phenol resin (A is not

particul arl yr ikHd eh s but aisnatﬂ%t%rcigo ONVEL SN fgghggggic__cgégipiré%e%gure

t he gel perneation chronmat ography measurenent “to desc

(
bel ows the dipPee bhida OF b6 €oRLeak d $1gLerablhy egyal te or |ess le,
or o] S35 B9

than 80% by area, 20 and nore pre y equal to or Téss 't han

area, baged éﬂbﬁ(?erﬁ(&t:@l Tpgﬁﬂglg £4 l(lé)nalyg'ﬁg gﬁ%lcé){'%%ﬂ%tnids aWi;;[I?(ieznlol

t he above upper Timt, a resin conposition for a Sem con or

e e ddn heackivid KA D BV EROKY REsIN AQ] I QWL LY, SO0 BE e e

obt ai ned. The | ower 1|1 er a equal 0 or re

by 21 e2. 80 SRR » 401 B crably Sl LO.RF Br L han A% by, arse,

When the content is wthin the above T ower

and st or aafsi abid in Alseessellhent o 9024 BThe proportion of the

conponent in iS a group trepresente

(2) mseeO%ﬂ%(?'ggFg{%fﬁl . Erilleé.lol'lurl_’%% {].bgg%'] nV?XSb%.OCWaé%léldataeI(;d fc%rntinuous

exanpl e, i ol ng manner.

molding property was lowered in some cases.
[0Cl6]
On the other hand, the resin composition for
encapsulating a semiconductor using the phenol resin {A)
15 contains a biphenylaralkyl skeleton and a naphthalenediol
skeleton in the structure of the phenol resin (A), whereby
a cured product composed of the resin composition for
encapsulating a semiconductor using the phenol resin (A)
has properties combining high solder resistance and flame
20 resistance, and combining high-temperature storage
property and continuous molding property.
[0017]
In the resin composition for encapsulating a
semiconductor, the repeating unit n of the aforementioned
25 phenol resin (A) of the present invention is not
particularly limited as long as it is from 0 to 10 and more

preferably from 0 to 5. When the resin composition for



10When the phenol resin (A) is subjected to gel perneation

chromat ography (GPO neasurenent, the nol ecul ar weights of respective
conponents corresponding to the detect eg peaks are determned in

terms of polystyrene, and the contents ! respecti ve conponents
corresponding to the 15 peaks detected fromthe ratio of the detected
peak areas & ©saalcid ages. semléhﬁ&&&%w&% erae@&B pgak ddy %Iﬁlﬂ‘fi‘{{l}ﬁ/%d

obt ai ned by GPO neasurenent may be confirmed by NMR analysis or

anal ysi soaf tigfe 4 he SapaF ALIOR th DO reRPECt i ve ﬂdy?%bqfls b@og:l%%ﬁ:]ed. n
In the present invention, gel perneation chromatography was

measur edl%npbll&_if@hﬂ@i{'lnﬂ BR@Mha ¥ QD@J:@%V'OCQOV@S QAL ARG e Witd 18 g,

punp, an injector, a guard columm, a colum and a detector.

Tet r ahydgofAd &0n( %éo‘é@ﬁ: 4sed 35, Z%H%asfs)éMQ:ét’t ];rﬁ:)t %éﬁﬁ%%%rr{sé@gttor

The flow rate of the punp was 0.5 ur commer ci al
guar ¢ col,ummsy, ({ar sexappke, m%@my oauer ¢ &l

avail able from Tosgh Cor porcaeil on, di anet ew%t{gllltfp?‘%g I%e‘%g%%tagfone
mm as a guap@6pj um and a pl ural i ty of conmercial polystyrene gel

colums (TSK-GEL GVHHR-L, conmerci aI |y avai l abI e from Tosoh
Cor por ati ongpy @i angl€Ln+5 %hrgn S ol
serially connected. Andl f7fer ent |C Prgﬁ? ?}Q tg’etzec t%ef &Y ol

le, didff 4
b e %83&2&«@5&5 Hreresaiy
d d_col ym,

ol o aSaIL 8, e f%s”rbﬁfefﬁ%eé nfr WP hAT PO 55 Gkl R)

col um an tector was sta a tenpe

Centl'(ﬂra(flﬁefaé-rhigf déf't 14O é%‘%e"é‘gﬁ% %scll{] dﬁt]%%vwglragladaiogesrawnbbers,

concentration was a uste

and t he ﬁﬂlllétégno%sefxp d%fw@ A LA ecstﬁ%?_;f N RE L R

for 15 the neasurenent e anal ySi'S Yof

ol orrod to s R 's’%eaén‘ﬁirﬁ oty h?‘)'*v@a Phracont B Fenol
i gt 20°gerbuRt b oplde 2?%%%?%%5 e (Rt Bnfroft & i) Sof 1S Tkl bY
2%@2%&33 5 Bty R Lo RSt AR Lvﬁ?eveug P S rt Beeh PRt ¢ bY
v atd) | BRSO ek Bt R Ece &r Lehae T 900y (805, o fpduk i Content
(poak ol SeTral SefBARE L oHoRD gf’%@‘ktep'éi‘é‘ﬂniqérfé%ﬁ#ﬁ@w G Lm g 1 1
veron: 1359607 4 ol cr b Shodee St afier sLaGB setes
Comnﬂcigkgépggi %%ﬁ@frogéﬁgg%n uc or}%xgg¥¥ Lt in flowability

can be obtained.
20 [0019]

The upper limit of the content of the component with
n=0 in the phenol resin (A) is not particularly limited,
but it is preferably equal to or less than 70% by mass,
and more preferably equal to or less than 60% by mass, based

25 on the total phencl resin (A). When the content of the

component with n=0 is within the above upper limit, a resin

composition for encapsulating & semiconductor excellent



The phenol resin (A) used in the resin conposition for encapsul ating
a sem conductor of the present invention can be obtained, for
exanpl e, by reacting a bi phenyl ene conp?%nd represented by the
foll ow ng general fornula (3) 10 with a“haphthal enedi ol conpound
represented by the follow ng general fornula (4) under an acid

catal yst j s\Whamid hasiadhHet 4L é%@fc?é}?@@gll%% dhec0ener gk HRH 2o g .

(2), substituents may be introduced in a benzyl conpound represente

by the falhovi agegenerat +f o @e (8hrAre £8) o¥5 45k N Ldecatalysh -
R

during or after the reaction of the phenol resin. em ca

Formula ) XGHz- ﬁhe@}ﬂ?ﬁ(%sﬁ%l)%!?ll% 24 Q‘%tfioé@}' AR H&%%ed‘t Sput
%d 5

a hydroxyl group, a hal ogen atom or an al y group havi'ng
%%]'and

carbon a i i e y anon Qu
to 60 ca?gg%%{?%rﬁse%iﬁgggq]g@ggg% ﬁ%eggngﬁcﬁ%gy an |n?§geﬁj%a%b td 4.

Her eign, B%raéqdppe'fréfglﬁlg'e%@élf erymyl a rﬁg%gg%g]gﬁ 8'@ S%mg% dhosgp e n

defined in the above genéral fornula (1)

Formul a 6h o Rt b (@)2nLncbhe, d 0k e 14O hbd&%xwl oups phonde ove
2’ ong%d

to the sanme napht hal ene group ar ferent on atons

5 a napht balepe fjng '%hbék%fh a@déﬂgn c¥l rQ%dfOC 88“ 9LouR. g1
Sed

having 1 to 60 carbon atons; as are i ndep ende y an |nt

of 0 to B, #Lging R} @ﬂ%baréglah - gRBEIA t]&%;"ﬁl)é‘rlg%r&g%gfﬁ 208

as those deflned in the ove genera

semiconductor using the phenol resin may exhibit

10 excellent flow properties, fixation resistance and low
water absorption. In order to have the content of the
componentwithn=0jjltheaforementionedpreferablerange,
the content may be adjusted according to the method to be
described below.

15 [0020]

Incidentally, in a method of increasing
high-temperature storage characteristics and solder
resistance by the use of a conventional epoxy resin having
a naphthalene skeleton in combination with a phenol resin

20 curing agent having a naphthalene skeleton as described
in Reference Document 1, when the flowability is lowered
due to high viscosity, or the viscosity is reduced, there
are problems such that the resin compositions in a standby
state in a molding machine (25 to 30 degrees centigrade)

25 are fixed to each other, and defective transfer thus
occurs.

On the other hand, the resin composition for



[Chem cal Fornmula 7] R y ¢ R3 (R4)c (5)

10

15

20

25

13

encapsulating a semiconductor using the phenol resin (&)
of the present invention is excellent in a balance between
flowability and fixation resistance.

[0021]

Rls in the phenol resin (A) represented by the general
formula (1) are each a hydrocarbon group having 1 to 60
carbon atoms, and may be the same or different from each
other. When the number of carbon atoms is equal to or less
than 60, the melt viscosity of the resin composition for
encapsulating a semiconductor becomes low, so that the
flowability may be improved. a represents the number of
substituent Rls bonded on the same naphthalene ring, and
as are each independently an integer of 0 to 5 and more
preferably an integer of 0 to 3. b represents the number
of substituent Rls bonded on a benzene ring, and b is each
independently an integer of 0 to 4 and more preferably an
integer of 0 to 2.

[0G22]

R1 in the general formula (1) is not particularly
limited as long as the number of carbon atoms is from 1
to 60. Examples include a methyl group, an ethyl group,
a propyl group, an n-butyl group, an isobutyl group, a
t-butyl group, an n-pentyl group, a 2-methylbutyl group,
a 3-methylbutyl group, a t-pentyl group, an n-hexyl group,
a l-methylpentyl group, a 2-methylpentyl group, a
3-methylpentyl group, a 4-methylpentyl group, a

2,2-dimethylbutyl group, a 2,3-dimethylbutyl group, a



In the formula, Y is not particularly limted as long as it is a
substituent reactive to a naphthalene ring, and 15 Y represents a
hydr oxyl group, a hal ogen atom or an alﬁgxy group having 1 to 4
carbon atons; R2 and R3 are each independently a hydrogen atomor a
hydr ocar bon group having 1 to 3 carbon atons; R4 is each

i ndependentd yd amleyd pCarRON1 JHeUR, Pavian® 1316 i3 £8HROL @E 98,5 AREC 5
is each 20 independe%tlybgﬂ i%fege? of 0 to 4. Fbre?ﬁ] RZ? Ré{ R4pand

cin the3gene<ﬂ@}neft<1{j}rmb@t(y510%&%dﬁ9€ sang, %dti@é@hgﬁfﬂtﬁ‘@gzl%%ﬁ)ﬁg,l 2

above general forrmula (2). [0031] [ChenicaI_FornuIa 8]

atom or 4 hydracarbon areun Ravimg. 1ora B At Han & Stis: 2RE TS, Gagy

o cach Pnaerendont]y an cacedet P o R NS RS TR AhE froue.
general rar il (ot Sbt 0043 TP e B phatyl ohe” Chpound Ried Hor 45 up
raw mat ecial ofot e pDEnoh 1T 58l 44) ol Mot PAEUSULBELY LI PLSI oups

long as it has a chem cal structure represente genera

formul a I i ncl
4, 4" - Di S%\%?pﬁ%%ﬁ%?ﬁyf%%ﬁ@%éﬁft Ol4l,a%d:{gieos%r8r¥0%t ﬁf/qlcbioﬁ:hénr?yﬁ? hydrocarbon

4.4 - bi shodanst Wbl pankle daty b shydr oxyERLl pLRA aﬁ%?ﬁﬁ-éhr,e 4

4, 4" - bi siret hoxymet hyl bi pheny

- bi schl Oﬁ%@?%&imyf?uézssﬁ%v&%é an Sarloﬁig%tir@rﬁﬁgls_éruﬁure, such

- bi sbr onofret hy !phgn. : . £ tet vl 4
:titl-roa[rﬁitals%]% OI}(E)B/I’I ![lﬁ;ﬁ%?gﬁtégé: *i%é’ﬂ‘%% ’g]?'oép,’ a5’meth_yl%err?rzr?ftl ¥group,
an ethylbenzyl group, a naphthyl group, a biphenyl group
and the like, while more preferably used are a benzyl group,
a methylbenzyl group and an ethylbenzyl group
corresponding to the group represented by the following
15 general formula (2). It is preferable that the substituent
R1 is a group having an aromatic ring structure from the
viewpoint of improvement of moisture resistance of the
resin composition for encapsulating a semiconductor.
Furthermore, it is preferable that the substituent R1 has
20 a structure of the general formula (2) from the viewpoint
of introduction of the substituent at relatively low cost.
The bonding position of the substituent R1 is not
particularlylimited,knﬂ:thesubstituentfﬂ_ispreferably
bonded to a carbon atom on a naphthalene ring because an
25 autoxidation phenomenon of a hydroxyl group is suppressed
and storage stability is increased.

[Chemical Formula 4]



3,3",5, 5 -tetranethyl-4 , 4' -bisnethoxynethyl bi phenyl 25 and
the |like. These compounds may be used singly or may 21 be used in
conbi nation of two or nore Kkinds. Aq&gg t hese conpounds,
preferably used is 4,4'-bi snet hoxymet hyt™bi phenyl from the vi ewpoi nt
of easy availability, while preferably used is 5 4,

4' - bi schl or onet hyl bi phenyl fr the fact that a pol ynerization

catal yst is redlicedz and_i sfpéici t|i es are reduced. [0033] Wien X is a
hal ogen ato y-phoduced 1@)during the reaction acts
as an acid catalys&a S hat there'is no need to add an aci d catal yst
during the reaction, and the rggaction may initiate pronptly with the
addition of a small anount of water. [0034] 15The

di hydr oxynapht halenge ung sed1 kor &y raw et gri al 3 of, LLhe, phgnol

resin (A) is not pafticularly limted as fong as it has a chem cal

t t t I 1 Pref i
o G hydr S SRS RaT g’ Lo A C i ST Fo” bandl hg 28 DaR LT o BfP
two hydrgxyl; £ 04Ps d S3neL AdkACElloRD ! ey naghtlalpne kel et hen ,
the bonding position of the ygroij gfpups 'S not adjacent, a reS|§

compgsi t gR JOL - apgay @?T%?%‘sbcfﬁé VW%?ECEQJ L3 eXaSld SR AGURD! LYo RANd

strength. ncrete exa t he roxynapht ene npound

0 A ChL e RN ;80544 00 0 i IVEGRM 0T VRS, S el ) 358
1,4-dih 6-d] ht hal . .

L & e opungept el anen 62, el CONBRBIUIST e 1o oo tasees
Singly, homay b yeed o contigallan, of Lvo OF W < Kiade PTG o s

t hese conpoun preferabl’y “used i s e
because fhe softenin oi nt_ of the .obt ai ned nol resin is
o e S AL I Mo o i e BB o 1B 5% ey, the total

10 number of m of the general formula (2) in the above general

formula (1) is preferably an integer of 1 to 5 and more
preferabiy an integer of 1 to 3.
[0023]
The content of the component that is a group represented
15 by the general formula (2) in the phenol resin (A) is not
particularly limited, but in the area conversion method
according to the gel permeation chromatography (GPC)
measurement to be described below, the upper limit of the
content is preferably equal to or less than 80% by area,
20 and more preferably egqual to or less than 65% by area, based
on the total phenol resin (A). When the content is within
the above upper limit, a resin composition for a
semiconductor excellent in reactivity with an epoxy resin
and flowability can be cbtained. The lower limit is

25 preferably equal to or more than 20% by area, and more



[ 0035] The conpound represented by the general formula (5) used 10
for the production of the phenol resin (A) is not particularly
limted, and exanpl es thereof include bﬁgzyl al cohol , benzyl

chl oride, benzyl brom de, benzyl methyl “ether, benzyl ethyl ether,
met hyl benzyl chl oride, ethyl benzyl chloride, isopropyl benzyl

chl ori deprkbr @rahany! e guehl of epuapanerand Haphamyl et hyh Yy ori ¢@ren the
These conpounds may be used singly or nay be used in conbination of

two or mebéténds.is withAWNEHhesEocAPPYRdS. PLgfierabhyiusad-are
benzyl chloride and benzyl brom de because an acid catal yst nay 20

not be uged t9gahkes . 210036 o r aglhes camaouNd f epF esentad) by ntthe
general fornula (6) used for the production of the phenol resin (A

is not partijgwlagly limted, and exanples include dibenzyl ether, 25
di (net hyl benzyl ) et her, di(ethyl benzyl)ether, di(isopropyl benzyl)ether

and tfe |ikencThasep6emI04Rds FMRY, e d5ed s fgl ] eq d
conbi nati on of two %r 23 nore kinds, o? ﬁ%?ﬂgexgggg¥%£§e$aeg%J%r?roup

the conpeund- ¢ epnesantied by ot be mepgnal farawba (09) 4 9037LnThe Aci gi 51
catal yst used when a biphenyl éne conpound 5 represented by the

gener al Ev@ire'%ﬁ (Jsis r(%f}Ctn?Qy%teh @aﬂﬁlﬁmé@éaqe%@: %%I%lﬂ%’i't eicp the

represented by the general fornmula (4) is not particu

Exanpl es rbher &9k nighch 4de f,orm ¢ acid, oxalic acid, p-toluenesulfonic
acid, hydrochloric acid, sulfuric acid, phosphoric acid, acetic 10

acid, Lew sagigsand the like. [0038] A nmet hod for synthesizing
the phenol resin (A) used for the present invention is not

par tigcul arl Mhleir{ﬁttf?éji?f@ﬁogx@g@i% Oyt %Qt%ugj%*%eg;t%E%e%g%%ﬁneation

anount of the 15 biphenyl ene conmpound,

Comxmndcwgg%gggﬁ{éggg?ﬁ%?%? ﬁ%%éﬁr%%ékgat@H@hﬁo?%%ﬁhgg %%%%Ets

of the abov ydr oxynap al’ene” cobnpound, “are reacte

a tenpergkurleeg e@cf@elzzz% gﬁ%%ﬁgegtoir%ggﬁofno&i%ggl& Otpl%ur é?r;neﬁ:)}:ed

whi | e di schargi hg generated gas and 20 noi Sttre ou hé 'syste

i £l f I b | d
1 rogenslane 904 wikeashed mnarkr s (hor evampley 8 bepel comound

or a Qihggroxynaphtha ene conpoun r émai ne .
oo LonoR R L Py L (0" S En VBRI Mg o ene
15 peaks detected from the ratio of the detected peak areas
are calculated.

The structure of each peak in a chart obtained by GPC
measurement may be confirmed by NMR analysis or FD-MS
analysis after the separation into respective fractions.

20 [0026]

In the present invention, gel permeation chromatography
(GPC) was measured in the following manner. A GPC device
was equipped with a pump, an injector, a guard column, a
column and a detector. Tetrahydrofuran (THF) was used as

25 a solvent for the measurement. The flow rate of the pump

was 0.5 ml/min. A plurality of commercial guard columns

(for example, TSK GUARDCOLUMN HHR~IL, commercially



25 be distilled off by a nethod such as vacuumdi stillation, steam
distillation or the like. [0039] 24 The m xture is reacted at 80
to 170 degrees centigrade for 1 to 20 hgyrs with the addition of the
benzyl conpound and t he above-descri bed acid catal yst to the
previously synthesized phenol resin while discharging generated gas 5

and i sty Dib 1 @f ft:ct’t?ms'Y%ts%H QYOBEUXQQ@QOH O 1 Q—Hgttehj.en E epRiRed pipe
unreact ed nononers (for exanple enzyl conpound or a

di hydr oxyeapht hal ene saypeund) %%f&a%fdz%ﬁy aQ{CPdHCtp%Tl%]f:%y ?&P@”{?

hydr ogen halide, noisture, nmethanol) may be distilled

such as Gl i di i 0
[ 0040] &then igfﬁ‘?%bhgﬁhﬁgﬂgngiggggnﬁﬁﬂ%%ﬁ%% YP?%ktEﬁﬁ%enz [HR=%,

conpoundc bsrfe Pak @aen, at 9ay 136} egf‘%ogf?&%%ﬁdc\%ﬂrlﬂkﬂygttﬁ% us&lginet@gr

acid catalyst by the addition of sonme water to e reaction system

is used asga At alfpﬁeSI . matgﬁp% t hgy phgnol, Lesin (A nGan, é)fﬁol% Alngd,

[ 0041] The syn to control the content of

ConponenEoWrFét]%@e& i therphengl+ 1§91 D ?oﬂl%ttxgp Fﬁ‘itcﬁggle%@g%b for

limted, but e content nay be contro inth

synt hesi g, agidiod, @ﬁﬁﬁﬂgg&heﬁ&%ﬁ a@@ﬂ%&éxag ) Cagaly

changing the rafio of F'oxynap il ene conpou

Cenper at 12 e e b Prat ity 2% Cffafaﬁiﬁédt‘%%yna&%ﬁariﬁé 31 Zﬁnawn
to | R%Lﬁ%gr fRedan & g%*% %flé%npoﬁéﬁ%%&ﬂ P RS CARIT R of MedriF e
the ' arRparelnaainh Sha¥uinots %rf‘%"%y%he SR e Ehe B r%ﬁ%@&zed
O e ogucg . LAJdCL EAS80 o 4 Ny Tgag el ! zﬁer gratue urlzggfﬂggesblumlon

di hydr oxynap ) npound 1S

t | the di hyd ht h
compound® s Aag 'féoe% § 1" eveQnYﬁ??:@ 1 5%’%%”%%?&%%83%1:%

di hydr oxynaght_hal ound maybe |ned at th me

the resin ¥ cgrrtr'azosffl o% n "t spléég ﬂga& ﬁ‘y&radg@ lnﬁiaote‘h %eon

conpound 'a% rergj?é%%degsf%%% nar? go E’\ t:r: chftggouq:engb res'f‘58Aui for
15 the measurement. For the analysis of the sample, a

calibration curve produced by the use of a monodispersed
polystyrene (hereinafter referred to as PS) standard
sample was used. The calibration curve was obtained by
plotting the logarithmic value of the PS molecular weight

20 versus the peak detection time (retention time) of PS, and
making a straight line using a regression equation. As
the standard PS sample for producing a calibration curve,
there were used Model S-1.0 (peak molecular weight: 1,060),
5-1.3 (peak molecular weight: 1,310), S-2.0 (peak

25 molecular weight: 1,990), S-3.0 (peak molecular weight:
2,970), S-4.5 (peak molecular weight: 4,490), $S-5.0 (peak

molecular weight: 5,030), S$-6.9 (peak molecular weight:



15[ 0043] A method of controlling the ratio of the phenol resin (A)
having a structure of the general fornmula (2) contained in the phenol
resin (A is not particularly limted, but the ratio of the phenol

resin (A) having a structural unit 20 ré%resented by the formula (2)
may be controlled, for exanple, by changing the m xing amount of the

acid catal,ys30§Q reagt t(%meﬂméeau@w §84 ;Jggtbe%vlvﬁesm%w

.controlllng the ratio of 'the phenol conpound f he Henzyl conpotin

to be intipadipedsehanoh Boybhe 8 £act bom 28) tegﬂﬂh%ty%l% ka5 d E‘lﬂqédex

[ 0044] SpeC|f|caIIy, as a net hod of |ncreaS|n e ratio of

phenol reasgidh4A)ydhamingoa §Q¥E@$r80 nd P€ 198! ?%gg Qryul (%%om S owa

contained in the phenol resin e ratio o henol "resin
havi ng apgtyusturad, unit represented by the formula (2) may be
enhanced by 5 increasing the m xing anount of the acid catalyst,

| owerg ng th@omgpyp of the phenol conpound and the benzyl conpound to
be introduced, I1ncreasing the reaction tenperature, or the like.

[0045] 10l n@h%erﬁtl?élllx’l( %é&lﬁh?égs% Ogdt hstﬁ];eet hroéjs éggg nn‘fﬁ‘%ﬁ%&f)%fkar

n of the phenol "resin "Gt e some”"C

mai nt ai nbﬂ%atﬂg%‘ﬁ?gﬂ(}l?fg cfes%l@otnodl? %:dﬁtfe%?;' Qﬁﬁ:evsal uﬁujlngv%%tlon can

particul arly exanp g,

Lo 0 a0gandp, .S 11 e D LT g

synthesis reaction o heno resin (A)

t f th
Coventi on un@?‘é?ﬁ% %éé%%%d@sﬁ%ﬁ%QQaiéﬁéw%a& ﬁ%ﬁ%ﬁiihtom&g (3
e ed” THE tofeRiYehdhe TRt tn “@o%%‘%ﬁi% MBS Rk fhpy” (e
part'CU|§ Pﬁé egeﬁ%¥5fxﬁg9mu a fHUde ge90|xqgg3%!ggtalyst When

Rl has a structure represented by the general formula {23,
substituents may be introduced in a benzyl compound
represented by the following general formula (5) or (6)

15 wusing an acid catalyst during or after the reaction of the
phenol resin.

[0028]

[Chemical Formula 5]

XCH2~@—@— CH,X (3)
R1), R1),

20 In the formula, X represents a hydroxyl group, a halogen
atom or an alkoxy group having 1 to 4 carbon atoms; R1 is
each independently a hydrocarbon group having 1 to 60
carbon atoms; and b is each independently an integer of
0 to 4. Herein, R1 and b in the general formula (3) are

25 the same as those defined in the above generzl formula (1),

{0029]



type curing agent, a catalyst type curing agent, a 25 condensation
type curing agent and the |ike. [0047] Exanples of the polyaddition
type curing agent include 27 polyam ne_conpounds contai ni ng

di cyandi am de, organi ¢ di hydrazi de and gﬁe | i ke; acid anhydri des
containing alicyclic acid anhydride such as hexahydrophthalic
anhydri de, metrhwihitetr ahydraphs hglii ¢ anhydride and the 5 Iike,
aromati c acid anhydride such as trinellitic anhydride, pyronellitic
anhydri de, ﬁﬁﬂ%gphenonetetracarboxylic acid and the like; polypheno 1
conmpounds s & ac type phenol resin, a phenol polynmer and
the |ike; polynerdhpta mpounds su@ as 10 pol ysul fide, thioester,
t hi oet her and the e ocyanat e conpounds such as isocyanate
prepol yner, ©Dbbked i socyanate and the like; and organic acids such
as a carboxylic acid-containing polyester resin and the like, in

addition toral itphat £ §-RYIYAM PRS r 8% 10 gdigﬁp%%%%%%%g}%g)e’the same

triethyl enetetram ne, neta-Xxylylene di amne and

tic, . A .
 phenyl Snedl e S e ARy e P d o SREERE R garpagg toms on
20Exay1pl gsp @b, Hidea g akAl %ﬁ%ﬁé%’ﬁﬁﬂcfg' 29 Cglgi%tdégg llldideen%fgzt LAY pon

conpounds such as benzyl yl am ne,

6-trisdi am hyl nel like:, im ol e conpounds

such as g-net%yﬁ%higa%oﬁeﬁng-gph3ﬂ¥ﬁb2§%H%F?ﬁﬁ%az%ﬁé'éﬁa EhE 1FRED

and Lew ' ex-apd.the | ike. [0049 anples
of the cgﬁggﬂggF%%ﬂ§?g e%§h55%58§§§%ﬂ§Fn@|E e%528 gﬁé%HPlrL§5ﬁég§ e® th

curing ageny %ég%l}aals @ﬁg%\ﬁoﬂgc(ﬁép%rpgegﬁlﬁ rggasni}r%,’[ ﬂ%l %ﬁlsoosl;et&%%ined in

phenol resin ‘and the ITke; urea resins suc

gr oup- CORLAI ML BE W €3 hesl 115+ ), JBLAMip resins such as methyl ol
gr oup- cont ai ni ng

10 [0030]

[Chemical Formula 7]

Y—C—— (5)

In the formula, Y is not particularly limited as long
as it is a substituent reactive to a naphthalene ring, and
15 Y represents a hydroxyl group, a halogen atom or an alkeoxy
group having 1 to 4 carbon atoms; R2 and R3 are each
independently a hydrogen atom or a hydrocarbon group
having 1 to 3 carbon atoms; R4 is each independently a
hydrocarbon group having 1 to 3 carbon atoms; and ¢ is each
20 independently an integer of 0 to 4. Herein, R2, R3, R4
and ¢ in the general formula (5) are the same as those
defined in the above general formula (2).

[0031]



5 nel am ne resins. [0050] Anong these, preferably used is a phenol
resin type curing agent fromthe viewoint of a bal ance anong fl ane
resi stance, noisture resistance, electrkial properties, 10
curability, storage stability and the | The phenol resin type
curing agent may generally be nononers, oligoners, or polyners having

two or norephanel be 1hygsexydi Hreyps in one nol ecule. The nol ecul ar
wei ght and nol ecul ar structure thereof are not particularly 15

restricted, and exanpl es include novolac type resins such as a phenol

novol ac resKRAka -solfﬁbvolac r&in,_a neahéhol novol ac resin and
the |ike; polyf uI p_e%ol r h as a tri@enol met hane
type phenol resi d the |i nodi fhed’ phenol resins such as a 20
t er pene- nodi fi ed phenol R&sin, aRBcycl opent adi ene-nodi fied pheno
resin and the like; aralkyl type resins such as a phenol aralkyl

resin havi ngna (ghenyly skel et on qu/&g Y pQ§@¥feP§g%$%%§58%tf§ a

napht hol aral kyl resin aV|ng a p enyl ene skel eton an

bi phenyl ﬁ%ﬁﬁ&é%t R goggg hh}%ﬁi %ngﬁq QFBB? %Ogﬁpﬂi'gdﬁ %lﬂf% %arbon

bi sphenol |sphen be used Sing

ey e uagdd o, Gorti 0AL0R Oh a0 hHR ) JOL G, KR, / ggg&?ﬁl}e %ang

hydr oxyl ~equival ent” Ts prefera ore t

equal tojor .| gss,tihan, 230, gkeq EEP%‘E@ee%' “ﬂﬂ{@%ﬁ :i; intgger

[ 0051] 5When the other curing agent is use toge

f th Honol o bI !

o, B B e O Ml %rh%ﬁ 4 4500
i f bl,) | % b

e 0 PO B O, AR AP0

limt of Iy atio of the phenol resin (A) is preferably equa
to or Ies§Q§wylélog§fby mass, nore preferably equal to or |less than

100%py nas? particularly preferably equal to or less than 100%
by ness, Based on the total curing agent. Wien the mxing ratio is

g e LSRR A PRI ) s 9
et RS SRoIE SRR LTS 300 DAL s oo
irsraby suel o o T D Sy s e e ey
of The. TG AL G | S Wit RPERE abose Tangen oAsget ficient
the T xi e ot 56 ERECHOL R VAR RRSBdar | 8 not particularly
limted, 4bL!;t TEsks R et el Y piphenyt,

4,4’ -bisiodomethylbiphenyl,

4,4" -bishydroxymethylbiphenyl,

4,4’ -bismethoxymethylbiphenyl,

20 3,3",5,5"~tetramethyl-4,4’-bischloromethylbiphenyl,
3,3",5,5"-tetramethyl-4,4’-bisbromomethylbiphenyl,
3,3",5,5"-tetramethyl-4,4’~bisiodomethylbiphenyl,
3,3",5,5 -tetramethyl-4,4'-bishydroxymethylbiphenyl,
3,3",5,5"-tetramethyl-4,4’ -bismethoxymethylbiphenyl

25 and the like. These compounds may be used singly or may



30 equal to or less than 10% by nass and nore preferably equal to or

| ess than 8% by mass, based on the total resin conposition for
encapsul ati ng a sem conductor. Wen the_upper Iimt of the m xing
ratio is within the above range, 5 excefl ent sol der resistance may be
achi eved. [0052] Exanpl es of the epoxy resin used for the resin

conposi t han & qenGaPsBhadi Ngta 3enbeondust gt of khe yregent
i nvention include crystalline epoxy resins such 10 as a bi phenyl type

epoxy resi napd ki sphenal E%%@@H&%,reﬁi:@f_ear§f>hé(ﬁqp§eayﬁﬁs epoxy

resin and the |like; novol ac type epoxy resins su as a phenol

novol ac gype B}E’%hé@ﬁb&ynﬁeﬁﬁﬁ%iﬂg\é%;zf £YBR ERQXY, fgggar{;g %@Se—:éasy

| i ke; pol yfunctional epoxy resins s a triphenol net

epOXY. [ €8k BbalL g TOUI{ 00 i PREBOlIE NaRe.d vpe epoxy resin and

the like; aralkyl type epoxy resins su enol aral kyl type

epoxy; regi i /hayi 0g. &nggéfﬁg@ﬁﬁéﬁ&ﬁgl %9}1@;34;11%;%4&% | E%a%ec epoxy

resin having a bi pheny and t he ype €époxy
20 resin i hydr al en o] resin, £pOX
Fesi n obrSiHen by gl e P ay A RIR T ot ot SRE S LA Pur A S8
di hydr oxypapht bgl ene and the |ike; triazine nucleus-containing epoxy
resins such as triglycidyl isocyanurate, nonoallyl diglycidyl
isocyanurat@o% he 25 like; and bridged cyclic hydrocarbon
conpound- nodi fi ed phenol type epoxy resins such as a

g ovelopentgilianes od ) ¢ BOEE JUDE SRONCLESLT P0Y, AL ADELINR, o

but are not restricted th poxy fresi‘ns
epo resi.ns S en | kyl. tyvpe epoxy .resin_ having.a
phe)r(lly enghsr}iler?gfg%é EQS%En%(?ha%é?fy St ?%‘eagﬁ(ﬁ:ﬁﬁ ahta?/?ﬁﬁ tq Eﬂo%@‘rﬁfr drigere

kel et on, h ik f ble i [ f . || ent .
S 0 el 8 0 LTS DM P B0 gt on,

| di , il.e. tallli i f ble in
oLAg BrOpLY, WAL e Crvae L e cBay Lede Pl RSl SLall €l 1o

resistang& religghb!tg of the 10 resulting resin conposition for
[

encapsul a ﬁb A senicoﬁ&ﬁ%?%r? Na'§ bfitand O ion, which are ionic

impurities, BQﬁaffeferably not contained in these epoxy resins as
much as posélble. Al so, fromthe viewoint of the curability of the
resi uctor, the e ivalent of the

cpod resiniPS pFbP RSV Bqu C 18 16 foFe TN 00t 5780 LAl i (o

?Lel ?Z:i § g%ne J??glg/oeg' t 9305];:)3 e'r[lfg) nziréisq aE’rgljlnti sOfntbtée peapj(:))é% cruelsci,ur:]liyn
limited as long as it has a chemical structure represented
by the general formula (4). Preferably used is a
dihydroxynaphthalene compound in which the bonding

20 position of two hydroxyl groups is not adjacent on the
naphthalene skeleton. When the bonding position of the
hydroxyl groups is not adjacent, a resin composition for
a semiconductor may exhibit excellent curability and
strength. Concrete examples of the dihydroxynaphthalene

25 compound in which the bonding position of the hydroxyl

groups is not adjacent include 2,7-dihydroxynaphthalene,

1,5~dihydroxynaphthalene, 1,4-dihydroxynaphthalene,



20 conposition for encapsul ating a sem conductor is preferably equal
to or nore than 2% by mass, and nore preferably equal to or nore than
4% by mass, based on the total mass of the resin conposition for
encapsul ati ng a sem conductor. Wen the®fower linit is within the
above 25 range, the obtained resin conposition has excell ent

flomam|Eﬂ%—&Ehﬁﬁ%QEQ%éﬁﬁﬂﬂaﬂéﬁe?mﬁ”%—8&%£$%§%£§%$ﬁ%yﬁ-@ngh%nd

resin conposition for encapsulating a 32 seni s preferably

equal tot@le | esget.hanr A%y FRSSu2HY ¥ Qéehg%gle¥ri§% 5% Hay be

| ess than 13% by mass, based on the total ‘nass o

conposi t L@k 4 0f neRGARS Yhali f@naosfem-:%%ngﬁtct fbr NeD e upper |imt

is 5 within the above range, the obtain resin conmposition has

excel | ent. sty [ e ANERrp oGl degtall oLt J 5, praf grabl e that

t he phenol resin and the epo resid m xXed S at 't

O AP Th ! B PLo IR MUTBR Al 8P ORE AQURS LR Bl fe o
or 1 oes than D05 ANEET RR AT VA B, d8 CPFE AT Rr AT HE R0  ange,
bt ai ned T8 T 651 A eorBds I oh. SFo0Ra Ry HER i SaRPE R 1 | ler used

for the res%goggyposition for encapsul ating a sem conductor of the
present invention is not particularly limted, but inorganic fillers

e o, R AR AP S IBDER 5) oo

POl B e SASERIIL T AT dr e e Lk

caual, (o8t IBLEILIAN O O A AN, eaual ke, oL | en2 Lhop SeO R tan, )
alcohol, benzyl chloride, benzyl bromide, benzyl methyl
ether, benzyl ethyl ether, methylbenzyl chloride,
ethylbenzyl chloride, isopropylbenzyl chloride,

15 2-phenyl-2-chloropropane and l-phenylethyl chloride.
These compounds may be used singly or may be used in
combination of two or more kinds.

Among these compounds, preferably used are benzyl
chloride and benzyl bromide because an acid catalyst may

20 not be used together.

[0036]

The compound represented by the general formula {(6) used
for the production of the phenol resin (A} is not
particularly limited, and examples include dibenzyl ether,

25 di{(methylbenzyl)ether, di(ethylbenzyl)ether,

di(isopropylbenzyl)ether and the like. These compounds

may be used singly, may be used in combination of two or



[ 0056] The content of the inorganic filler is not particularly
limted, but it is preferably equal to or nore than 80%5 by nass,
nore preferably equal to or nore than 83% by nass, and further
preferably equal to or nore than 86% byzﬁass, based on the total mass
of the resin conposition for encapsulating a sem conductor. Wen the
lover |imdréswddin the ghoved angeqt f i sLWre
absorption 10 of a cured proguct of 'feﬁje gg?%iq%g%l%rgsﬁﬂrpcg%os??fngr?und
for encapsih abiska e 8L OPHUCT AL H BBY, befiggglglrleasszg)and deterioration
of strength nmay be | owered, an accorc}l ngly a cur pr oduct havi ng
excel | ent sqlmbagi;gg crack resistance may be obtai ned. Furthernore,
the upper Iimt 15 of the inorganic filler in the resin conposition
for encapsulatd ng.a Sem £gn! or.dsypreferabl y .equal to or lLess tha
93% by mmss, nore prefer a%l e%uglsets% %rﬁelenres% %éﬁ n 91% bef?ragéj,mpa%‘dng
further preferably equ r a % s,; based on the,
t ot al masse%f)f t he resi%&z %cegn%%g%%%g fgg%eunjg%pggﬁaﬁ%gr%a(:%eé with a
sem condyclor + 1, WA« pp, it i i thin the above range, the

e R R ettt R T SHagl 16D Cagpne el

obt ai ned resin conposition exc

excel | ent: ymoj, iligtys ol pei.dent as_descri hed bel when netal
hydr oxi de 25 gg%h{és) élsu%%ﬁcuﬁl I%#é)%ilaaer, e ﬁ@éﬁtﬁ#hy%&?‘ﬂge& Ghrereof
i ke, or i ngrgani ¢ f . r.etar t such as zinc_ borate, _zinc, ,
ol ybdat & e eony TH Sl b er OPHaL 1 A 1 ruged O He e ged e acid,
amount o i r:g_g[’n'c .ame retardant and.the, above-stated, ,
i nor gani fr:lyﬁble?ggq"l s p?e Ié%La |y W PR © RE BDo R PERJEC T E608 P Brecetic
resiyh co siti 0 capsul ati a.sem conductor of the present
inve{lt}ti O%E(nla(%/’fégt le% %%n i?’nngt ﬁqgﬁstllﬁﬁ%'corrpound (D) selected from
the group cct)@%i%' ng of a tetra-substituted phosphoni um conpound, a
phosphobet ai ne coLpound, an adduct of a phosphi ne conpound and a

gui none 10 go nd nd an duct. _of a phosphoni um conpound and a

si | ane corrp%u‘ﬂg%lﬁ% %%ﬁp%éfﬁ% ‘at)flﬁdﬁ%n@%@tggﬁ”d?la%%ﬁllé‘r dfingiaed for
crossli nléihrgeg é}gg%teinog bet ween. an e.poxg resin and a curing agent, and

in addition therats conbr§tthg a bal ARce et heEh ¥ boabii ity tast For
curabi | i uri uring.of the resin conposition for

encapsul %%{;lah][égpgeée T nffh‘?ctg%rg3 e @ hadgi Ry c i Ryl pPgset REe® fof thRe
cur prggLuq{. Ccalncrete exa I(gs gf thg conpound (D) include

phosphor 6us- cont ie,ﬂ%gcg{gpiq?gn ccél EPatol® icht ashBr Bz phespmaiend,
a tetra-substituted phosphonium 2 onpound, a phosphobet ai ne
corrpound?néjflbaﬁ%c Oo(?' ggpﬁ(‘i’slrﬁ]i@nfg téb‘?rp%‘&h& SAd 3l ¥aitnoka dpeant, mole
an adduct .of ., a phosphoni um conmpound and a sil ane conpound, and the

li ke: anafc%ﬁfogﬁa’ép %ﬁgﬁsésf 108 dyfdFai gy &IYeEP i thpukrieBepenpound, are
benzyl di net h(?/I agi n%, 2- et hél i mdazol e and the_like. 25 Anong these
conpounds S5t eF &r 861 ' J<APErE PhBSpRdr SUS- EentdihidRuEassgentigrade
accel er a%or saj'nntvi é%cof curability. In view of a bal ance between

f | owabi | TPy and®©35 Culakibst y ke Pheredrabpy nGedearrated gas and
pho;&horous-cont aining curing accel erators having | atency such as a

t et ra- suBStiT Wt £ BHOsPRoGiimSdbRpEEingy nitrogen flow, ‘and unreacted

monomers (for example, a benzyl compound or a
dihydroxynaphthalene compound) remained after completion
of the reaction, reaction by-products (for example,
hydrogen halide, moisture, methanol) and a catalyst may

25 Dbe distilled off by a method such as vacuum distillation,
steam distillation or the like.

[0039]



a phosphobet ai ne conpound, an adduct of a phosphine 5 conpound and a
qui none conpound, an adduct of a phosphoni um conpound and a silane
conpound, and the like. In viewpoint of flowability, particularly
preferably used is a tetra-substituted 5ﬁosphoniun1conpound. In

vi ewpoi nt of |low elastic nodulus during heating of a cured product of

10 the resipreonpestti-Qn for-gncansyl ati gy a sem @Ogrgrg(ileoés cecrjttaingrade

particularly preferably used are a phosphobetai ne conpound, an

adduct of 3 phasphi ne, §ROYNd @ndy a8 gUiIaNe, GoprRouRd, bfé&t;&tb}%r Tfpound

in viewoint of the latent curability, particularly preterably us

[ d . ' 0 . 2
10008] B aaF o At T ne OF Gam i RNRS re GATER g Cbd TR i TRELY

resin coaposi{ban Jo4 SAEARSUIALLEG, 35e 'gg@%%%gggﬁ%h%ge%gfﬁgsae@éd gas

i nvention”include prinmary phosphines suc as e

phenyd phasphi igrﬂ%d_l@eodli:kg'ﬁos%gﬁec’wg}é W%?P%g%%oﬁ%ﬁtﬁﬁwarfnd then

di met hyl phosphi ne, di phenyl p i ne” an €;

h hi | et h i triethyl phosphi ne,
ProS T SRsEERel (A IRV A s g 41| LD OGBS, aopenzy

B e Db OR UL, ARREI U comR ) 88 B o
o o, PRSATL UL 00 DL UG COPOUEE LEMESEL St Y LS s e,
-P8 R7 methanol) may be distilled off by a method such as vacuum
10 distillation, steam distillation or the like.

[0040]

When X in the biphenylene compound or Y in the benzyl
compound is a halogen atom, acid gas generated without the
use of the acid catalyst by the addition of some water to

15 the reaction system is used as a catalyst, whereby the
phenol resin (A) can be obtained.

[0041]

The synthesis method to control the content of the
component with n=0 in the phenol resin (A) is not

20 particularly limited, but the content may be controlled,
for example, in the above synthesis method, by adjusting
the mixing amount of an acid catalyst, changing the ratio
of the dihydroxynaphthalene compound and the biphenylene
compound to be introduced, adjusting the reaction

25 temperature, sequentially adding the
dihydroxynaphthalene compound during the reaction or the

like.



[A] [AN] yz (7) In the above general fornula (7), P represents
a phosphorus atom R5, R6, R7 and R8 each independently represent an
aromatic group or an al kyl group; A represents 10 an anion of an
aromatic organic acid in which at | east 2®ne functi onal group sel ected
froma hydroxyl group, a carboxyl group and a thiol group is bonded
to an aromatigh 43 ng; AH represents an aromatic organic acid in which
at least one functional group selected froma hydroxyl group, 15 a

car boxy| gr@%@fél%atlhw' g_rrpugru%POJegeq_ &éas Ogﬁt% %ga(w% 3%%‘%

y are each an integer of 3; z1s an in and X

[0061] TheaosReuRd &fEﬁeﬁgnéegjfy ﬁgeéﬂggﬁgﬁJ:J%égﬂ ﬁgﬁ tﬁﬁﬁai§lﬁ8f}g

obt ai ned, for exanple, 1n the | om ng ‘manneér

restrict gg}lotlbﬁfeto% Agﬁrﬁ i P égttraelfgpfié u%ggu%hods_ph i usoﬁl lé:éf?ea%dghe

aromati c organi c aci base are" a 0 an org

d 25
sol Ut S‘nﬁsiﬂs%xﬁ%&%ufﬁéégﬁéﬁ% PO b B e a&'fl@?%?l:@é’ﬁ% B,
h I
and thus, Eﬁpgﬁﬁgpqﬂg E%p5§§§9%%ﬂlg¥dt e genera %gﬁnu a, F?ﬁﬁ%&

preC|p|tat n t he compoun represente y e er at f X

et R ﬁizfagss Lo R AL e e

o TR s LA R LB e

may be Or, even when the dihydroxynaphthalene compound is added

10 to the phenol resin after the reaction, the
dihydroxynaphthalene compound may be combined at the time
of mixing of the resin composition. In this case, the
dihydroxynaphthalene compound is regarded as the n=0
component of the phenol resin (A).

15 [0043]

A method of controlling the ratio of the phenol resin

(A) having a structure of the general formula (2) contained
in the phencl resin (A) is not particularly limited, but
the ratio of the phenol resin {A) having a structural unit

20 represented by the formula (2) may be controlled, for
example, by changing the mixing amount of the acid catalyst
to react the phenol resin with the benzyl compound,
controlling the ratio of the phenol compound and the benzyl
compound to be introduced, changing the reaction

25 temperature, or the like.

[0044]

Specifically, as a method of increasing the ratio of



10 used for the resin conposition for encapsul ating a sem conduct or
of the present invention include conpounds represented by the
follow ng general formula (8). [0063] [Chem cal Formula 10] (O(21)f
15((1) In the above general fornula ¥8), X1 represents an aIkyI
group having 1 to 3 carbon atoms; Yl represents a hydroxyl group;

I's an ingeger l‘?én%ltoréglg'pd %é' $,801 Lt egeL (of, c?i'g et 0(:9106;14 Peral

The conpound represente eneral formila i°s obt ai ne

exanpl e, ¢ b’inhf'faf‘?'zl ovxe&gtraﬁrw Stlgute p@ﬁ& % 100k 2L

fLough o
step in which a tridromatic-su osphine, |ch(t { e ratio

tertiary, 25 tFﬁ‘QSB er}g 1 §ebg£)#g ta '”ﬁ% cﬂ{%agt Swéth éldleg. on| um salt

38 to su stltute t riaromati c- subs d phospl

: h t.hod t
i ted ToAM oo, %5?9'5%?9 £ end Sl oo hioe] ﬁ:eﬁle%’y
comand, gn eaag& NPNne, <O logfggggﬁggﬁcbgr@dtfor Caf8lvse,

conposi tion psu ating a
vent op 7L SRS oy espated byt e Collowng srneral
compound to be introduced, increasing the reaction
temperature, or the like.
[0045]

10 Incidentally, with the use of this method, the mean
value of n of the phenol resin (A) is also lowered in some
cases. A method of maintaining the mean value of n to a
predetermined value is not particularly limited, but, for
example, the benzyl compound is sequentially added to the

15 system from the middle to the end of the synthesis reaction
of the phenol resin (4).

[00461
In the resin composition for encapsulating a
semiconductor of the present invention, other curing agent

20 may be used together in the ranges in which an effect by
the use of the above phenol resin {(A) is not impaired.

The curing agent which may be used together is not
particularly limited, and examples include a polyaddition
type curing agent, a catalyst type curing agent, a

25 condensation type curing agent and the like.

[0047]

Examples of the polyaddition type curing agent include



In the above general fornula (9), P represents a phosphorus atom R9,
R10 and R11 each represent an al kyl 15 group having 1 to 12 carbon
atons or an aryl group having 6 to 12 carbon atons, which nay be the
same or different fromeach other; R12,2R13 and R14 each represent a
hydr ogen atom or a hydrocarbon group having 1 to 12 carbon atons,

e 6y A8 RATE R LT Hlin L SO LRGN AIPL A P8 2208 0

R13 may be bonded to ea er to rorma ruacture.

Pref er ablyg 1pxapl.es; of atnble Phasphi pg . C%@f&”%&lﬁsﬁ%f:&g%e %ﬁgafgls e% fﬁggﬁ}

of a phosphine conpound and a qui'honé conpou _ _

or om0y conta 006 BPRONESeSulh o, b pben BHOSBIE s o
hoSphi nes EOE A e B brE e TR LCUBGE e RV AR A9yFnd the
Oroulh of 1121 KL ALONR. APl Gl iee SN RSB ANGN 1%, Ko
avai | abi ErEYS b SROG AL € TS BROVATT b T Exanpl s of the

ui none CTRAURG R ts i Ge TRy bR o b 20eh St RioRS aPALYEhenol
From theCOTBpbPAr T EPorayes sTat |5 YT iRt hol SFOrT pr 60 iE) P01
Corti aryP50 BREEpRTRD [ 8brbUGRe T b5 BED bt hCBTBETBAG) oHlen] o
e Honz 84U ARGL L nERP T8 ook o BaBuC & Rel6lt - L AP ol vent
can be used as_long as the solubility into, the adduct is |ow

Exanpl es* 5 ThR1EHY R YR Pud kBt Gries’ & BEH 3133 G RNRP AT HRE hy |
IR AT
all of which are bonded,to a phosphorus atom is preferably a phenyl

group, and &ach?HPOoRD, 1R13 G- RPATR1PASYErRBILY &5 h§dr dgehiat émd the

i rodyced by addj ng 1, 4-benzoqui none to
Thatls’l%fg¥mg%n%éhgt%on t% alipgatic pol;%mines such as

15 diethylenetriamine, triethylenetetramine, meta-xylylene
diamine and the like, and aromatic polyamines such as
diaminodiphenyl methane, m-phenylenediamine,
diaminodiphenyl sulfone and the like.

[0048]

20 Examples of the catalyst type curing agent include
tertiary amine compounds such as benzyldimethylamine,
2,4,6-trisdimethylaminomethylphencl and the like;
imidazole compounds such as 2-methylimidazole,
Z2-ethyl-4-methylimidazole and the like; and Lewis acids

25 such as BF3 complex and the like.

[C049]

Examples of the condensation type curing agent include



5 triphenyl phosphine is preferable, because the conpound decreases
the elastic nodulus during heating of a cured product of the resin
conposi tion for encapsulating a sem conductor. [0068] 1O0Exanples of
t he adduct of a phosphoni um conpound an&a sil ane conpound whi ch may
be used for the resin conmposition for encapsul ati ng a sem conduct or

f th i j j,.hcl : qunds, represented by the

o oo PESAILL Lo . U SORPRUIAE, Lol o5gned DYoliBiac e
ropr osent LTS es Ay Gh 8L R 30T RLY land RIS SACNCPEpradEn wRes

i ’ | tz iy het er, clic ring, or an
ol (phat i 6 ogrop. T hAR AL B e e R TBr ST SFEmOd roRe Bath Sarhar; and
o gani o BROTt fgt BoniS rtp v T oNGRSLPL Y8: S5 ARd S b3 Laddrs
formed when a proton-donating 41 group rel eases a

Lsg;gi?n% gjgégﬁ% Q%E%ﬁasgroup Yg in the sanme nol ecule are |inked

with the sikb%ﬂﬂ%ﬁton1to forma chelate structure; Y4 and Y5 each

ou

represent a gr formed when a proton-donating group rel eases a
in the same nol ecul e _are |inked

W th the oi FREAP aPBRA% { BAA S ERBIM cISEAl br 8 BOSRRG. e b ey
Same or GRFFGént Pt LAOR GiHfertLBAP 2F 14 Oin rgahPe &t GUBORAYi T
an aromatic [ri or a 10 heterocyclic ring, or an aliphatic group.
[ 0070] reg@ﬁrﬁgage@f PRESTRIES REF LhEARES i neLRE tfeherdl HoPRelks ies,
o "SRR BB S BRI R BB 2 e R an
group, a_benzyl group, %inthgle%LPU£é an gégﬁglg{ougé %Qogéggggé
group, ah®fi-dtt§FPG otpring ag Yy g y ,
oligomers, or polymers having two or more phenolic
hydroxyl groups in one molecule. The molecular weight and
molecular structure thereof are not particularly
15 restricted, and examples include novolac type resins such
as a phenol novolac resin, a cresol novolac resin, a
naphthol novolac resin and the like; polyfunctional phenol
resins such as a triphenolmethane type phenol resin and
the like; modified phenol resins such as a
20 terpene-modified phencl resin, a
dicyclopentadiene-modified phenol resin and the like:
aralkyl type resins such as a phenol aralkyl resin having
a phenylene skeleton and/or a biphenylene skeleton, a
naphthol aralkyl resin having a phenylene skeleton and/or
25 a biphenylene skeleton and the like; and bisphenol

compounds such as bisphenol A, bisphenol F and the like.

These may be used singly or may be used in combination of



a cycl ohexyl group and the |like. Anong these, nore preferably used
are aromatic groups having a substituent and unsubstituted aromatic
groups such as a phenyl group, 20 a nethyl phenyl group, a

met hoxyphenyl group, a hydroxyphenyl grg%p, a hydroxynapht hyl group
and the like. [0071] Furthernore, in the general fornmula (10), X2 is

an or gani¢ grouppbhatl bonds or %H%@ %%@é&upt% @%th1%§%i@a%ént

an organi c group that bonds group to grolp € "eac

a group far ﬁe%%@l?%@{qﬁ{eﬁgzggt ing r@é?gptrhealfa§8sg kegcéoémgﬁhetnﬁgai to

group Y2 an roup 13 sane nol ecul'e are |

silicon gtoml o fer tr re. Sinlarl 4 and_ 15_ar.e .
each a group o;srreémvﬁegla? Sig?%n-%o%gt :Erlfge g%%%pré/e %ésggfnaC%FS%olﬁl,lty'
and group 140 roup 15 in the same nolecule are linked with 5 the

silicon atomto forma chelate structure. The group X2 and group X3

g oup 14 anigroun 18 hEs e ERRaRE It 0Tt 14 PER FREN BRE Ardlhero e
Va3 15 OO e n b TR 81 it 2 £ 10" af Boathe 88y cuipor & ni) widh
el udo. BACEchBRE 7 6841 bl o7 GHhRGAr CxyAZpht hhl Bire o3 Hte

al oyl B ae PR R0 es Eo RADRERG: GRFE, 255 hy Bty 5 hart ol c
12" eyl BROTRBHLAL L1 ot BRGHAB Ao I bt | VF dRA Enb AR e S bbhgna s
and 13 oL BPRYEH oRgnaRi HAPEid. SOFarEnGTHdPE. | 17 Noh e IR £l BAlia the
het o ocyBFER T | G0k &R ST pHALIC 17 oA 1Apaf ! 10 yBHBIAL oPeAiLn (A)

ar oup, s it GbYT CBPGUD o S S1 qrOUE & B nEBAT gr Hag K Bagt. more
oroup ang Uhe LLES, scomel] o hydrocacbon groups aigh o6 o phenyl

[ ke ang. 89, O3 e SUBSLILISILS, sl 2o 8, 0Ly YL 00/ OBY,  aas,
and e Luke, A0 hesc rore preferably Usedyarc o eyl grow

roup fromthe vie int of thermal stability of the general fornula
?10)P is wzthldM¥%e a%ove range, an egfect ofgimproving flame

resistance and solder resistance while maintaining
excellent flowability and curability may be achieved.
The lower limit of the mixing ratio of the total curing
20 agent is not particularly limited, but it is preferably
equal to or more than 0.8% by mass and more preferably egual
to or more than 1.5% by mass, based on the total resin
composition for encapsulating a semiconductor. When the
lower limit of the mixing ratio is within the above range,
256 sufficient flowability may be achieved. On the other hand,
the upper limit of the mixing ratio of the total curing

agent is not particularly limited, but it is preferably



[ 0072] In a nmethod for producing an adduct of a phosphoni um
conpound and a silane conmpound, a silane conpound such as 10
phenyl tri met hoxysil ane and a proton donor such as

2, 3-di hydr oxynapht hal ene are added to ne? hanol in a flask and
di ssol ved. Next, a sodi um net hoxi de- net hanol sol ution is added

dr opwi Seehlﬂlearftipo undere Ski gﬁ'arﬁg 18fs KQOM L eorer gt Yhe-o : um r% Ia%gley sapal

prepared by dissolving a 15 tetra- su st1tuted phospho

as tetraphenyl phosphopiumdy omyd%nagsnetx%eg%ge'&agylaenceolcgla@ggin

dropwi se to the resultlng reaction produ rstirring a

tenper at upg Scﬂ glf: fdﬂree% ; dgggat gd:;‘te% té‘&%% éi}./gsl:al SWEH en the

filtered, wat er N vacuum Hus,

adduct oapgomq_sm%' yP %?’h@%*%s A T  obt SR 58 e B man e,

obt ai ned ver, the me Mimited to t

b d f h
705y letle SO L) DR bt Lt e e

conposi tion for encaps i ng a“sem con
i nvention |s PR £ preferably equal to or nore than 0.1% by mass and
equal to or Pess 44 than 1% by mass, based on the total resin

conposi tiong X amount. of the co D).is wthin the
ab(r)ree range" \‘Mﬁﬁ Ci er?';E ctﬁ%bleip? Yand FI n%)gt &dgné %Bg acht éved.

5[ 0074] esi osition for._encapsulatin sem conduc or
of the pr8&§§5?§&aqugﬁ %Sﬁ&iﬂﬁa?épqnawﬁ%ﬂﬂ%°%§%%§9Fgﬁ% h
bonded tg each nor e, adj nt carbon tonms constitutin

aromatl cPritng 1 g( A ?Wétif' Jrré?(lfrurcg% FoYEL *ompolfd Y B S b%uCh
furt1 used Eve hos hor us- contalnlng Cur i el er at or

wi t Hout fdvithg 3e % L%%d a)?}flﬁer?ogrfprbund‘ SP&%% elF&®R | REOXY
crosslinkin reactl q?tmeen t he henol resi.n gﬁﬁﬁand the e ox¥

resin, th&% era’ct‘?oﬁ c}f ?18‘91%3?%@ PO ST Bitdn i hget Het ovolac
kneadi ng e su pressed “‘H2¢the us of he conpound (E), so that
aresin 33%6053?}6 lf%?le’ﬁsc%djs aﬁ‘?‘r?gp BRI BF CHRhE POt RITRILD -
stably. Further re ound (E% also has an effect of 20

decr easi fig Ctnnees I tm?/‘fg n‘?YBP tTROFESITERORPGSR B i &R F ob L ke

encapsul ati.n m conduct or and inc¢creasing flowability. Exanples_ of

t he mntﬁﬁf%%? SRl fﬁﬂ%@cﬁﬁ?%némﬁ%%ﬁd%ﬁxﬁeséﬂﬁﬁeﬁ?%W%thane

fol l.ogwi n eneral fornmula (11 ol ycyclic compound represented b
t he ]%O| Ig\)ﬂgﬁe‘g eéjé?fé}’a?eSlnf( ar? alakgl ¥n dified r{pr1phe1r1c>plmetha3:1e tyype

epexy resin and the like; aralkyl type epoxy resins such
as a phenol aralkyl type epoxy resin having a phenylene
skeleton, a phenol aralkyl type epoxy resin having a
biphenylene skeleton and the like; naphthol type epoxy

20 resins such as a dihydroxynaphthalene type epoxy resin,
an epoxy resin obtained by glycidyl etherification of
dimers of dihydroxynaphthalene and the like; triazine
nucleus-containing epoxy resins such as triglycidyl
isocyanurate, monoallyl diglycidyl isocyanurate and the

25 like; and bridged cyclic hydrocarbon compound-modified
phenol type epoxy resins such as a

dicyclopentadiene-modified phenol type epoxy resin and



25 formula (12) and the like, and these conpounds nmay have a
substituent other than a hydroxyl group, [0075] [Chem cal Formula
13] OH R21 In the above general fornula (11), either R19 or
R23 is a hydroxyl group, when one of R18land R23 is a hydroxyl 5
group, the other is a hydrogen atom a hydroxyl group or a

SUbSCLt Uei OLDRE AR 2T O0Y| QUL AN T R R g1
bye oyl oB0LD s LOOISh O IER aBb P Bl B % W g
e o R i R A e S P
R L D L T T N B N F
tha”&*hX?%%QQrQrS%%fJP§§ZE in view of an excellent balance among
solder resistance, flame resistance and continuous
molding property, while crystalline epoxy resins are
preferable in view of excellent flowability. Furthermore,
in view of moisture resistance reliability of the
10 resulting resin composition for encapsulating a
semiconductor, Na ion and Cl ion, which are ionic
impurities, are preferably not contained in these epoxy
resins as much as possible. Also, from the viewpoint of
the curability of the resin composition for a
15 semiconductor, the epoxy equivalent of the epoxy resin is
preferably equal to or more than 100 g/eq and equal to or
less than 500 g/eq.
[0053]
The mixing amount of the epoxy resin in the resin
20 composition for encapsulating a semiconductor is
preferably equal to or more than 2% by mass, and more
preferably equal to or more than 4% by mass, based on the
total mass of the resin composition for encapsulating a
semiconductor. When the lower limit is within the above
25 range, the obtained resin composition has excellent
flowability. On the other hand, the amount of the epoxy

resin in the resin composition for encapsulating a



Exanpl es of the nonocyclic conpound represented by the 20 general
formula (11) include catechol, pyrogallol, gallic acid, gallic acid
esters and their derivatives. Exanples 46 of the polycyclic conpound
represented by the general formula (12)3%ncl ude
1, 2- di hydr oxynapht hal ene, 2, 3-di hydr oxynapht hal ene and their
deri vati wes,: A9RRg, Lhgse ; @F [ i.nt, of ease of .,
control of Slflowabi I?tylﬁg}{gﬁr@g%ﬁé%g% e J\‘érggl{))%ruslee Fs%gan 15% by
conpoundpigs whighy g, Hydr I j t ch. of, 1t dj,acent
carbon atoms constit ut ignlgéégeg%%ﬂrrgt}{ %@%@%Sﬁﬁ ﬁgergrl%?ﬁe}}aﬁﬁlgfe%d?%?s'
of vol at pliZagi [ f di.ng, r referably used is

a an a3 %?9 mg§¥ib%l&ﬂ@ ? %%PIS&?Q%E&%R&WC%or

conmpound havi ng, as a not her nucleus, a naphtha
Compound™ (19" ey e Shert iy o SE8 il cHog o BuR habi gt i5
23 ny oy h AT RaT 888 BAG THErr COG PO YBST TheGd FORBRFdIHHER has
(E) may[ggftgisfge%%tﬂgégl%_reﬁa]y%%gﬁugtsed i_n conbination of two or nore

ki nds. e nixing a dF “Ctie conpound (E) is equal to or
nore than O % mass, and.equal to or le th % by 20 mass, nore,
pref erabl y %gll]?é&)%{gtgﬁsln%felt ajnsopﬁs%/é%§ars?§s% gﬁ(‘ﬁeq%%? PP BROLedsesin
t han 0. 89 s,..and particul arl referabl y . equal to or nore than

0. 0896 by febs A Sl "85 b ) B ik < B30 eas s Bk G el ent
total resin .co it) or .encapsul ati ng a_.sem conductor. \Wen the

25 | over P n%?nggﬁl)h/le&%lii R PRt eﬂfﬂ@%o%aﬁﬁ(d IS UPS Wil P £ hehe
abovle\0 rag%%afhe resin cg\rﬁjgsi ;Cil?lon for_encapsul ati ng a_sem conduct or
may achi eve Sufth e ént F P70 BESR ST vt RiprevehefydFoxyl groups

flowabilibﬁ?mth ot her t}]an when the upper limt_of the m xing
amount of JtHe Rbmbdifhd™ PEF S PPN TRE ldbove FaMRE! ERerd iBOKiG tian
ri sk of deteri oratiqglgFl cu;_;abi ity and_conti nugus nolding 5 property of
the resin Coffodi £ ¥ of CeRdapgsif it FRF A Seri-condle®Br thé *@HdvFg @ant

crack at _a _sol der reflow tenperature. | nci dentally, some of the
conpound§ 2(B)° cofr &5pbhd ™ & ﬁea%ﬁé‘ﬁ%l TAdT A (AU T EpFrdsont e Usi R tie
general fornmula 10(1) in sone cases. In this case, anobng the

conpound8 B L h1EFhPELAP € EY P EGrmRPofbitid 9 v ¢ he ipHerof Flsi AbE@ined
IS alg.?ded to the phenol .resin (A), and the m xi ng anount of the phenol
resitt (AF S e BMH TRY SRt udi ng the amount of the conpound (E) 15

added. [0054]

The inorganic filler used for the resin composition for
encapsulating a semiconductor of the present invention is
not particularly limited, but inorganic fillers which are

20 generally used in the related field may be used. Examples
thereof include fused silica, spherical silica,
crystalline silica, alumina, silicon nitride, aluminum
nitride and the like.

[0055]

25 The particle diameter of the inorganic filler is
preferably equal to or more than 0.01 um and equal to or

less than 150 pym from the viewpoint of filling properties



[ 0079]

In the resin conposition for encapsul ating a sem conduct or

of the present invention, for the purpose of inproving adhesion

bet ween the epoxy resin (B) and the 20 inorganic filler (C, an
adhesi on auxiliary agent such as a silaf® coupling agent or the like
may be added. The coupling agent is not particularly limted, and

exanplesiqnggeggmgqg%ggefﬁgg§§§GIane, am nosi | ane, ureidosil ane,

nmer capt osi | ane and t

I it may be 25 any one which can be

react ed betweey gp epoxy resin and an inorganic filler to inprove the
interfacial strength between the epoxy resin and the inorganic

, .l , i be . d
Loget hor w T Re shye. STated Aarpband (B Lt A8 campOliHa J8) L Gacas v
by the syncroroat (2Lt W i T nBr BT PaRe ouB Py Soerie, Mot Ehar 080t

filler.

by the synergic éffec

of th@_e

y-glycid

W e

B SNl DS B2 0 SLUSIRURIPPYS S LRERY R AT 3% by masss,

propy! tri met hoxysi

-glycid t hyl di pet h il ,, 10 o
{29111 Sqnrapy I SLDELRYS AN 10 o o, hrpadt by mass,

Exanpl es,.of_ t he _am nosi | .ane i ncl ude y-ami nopropyl triethoxysil.ane,
y-aMrmpP%ﬁﬁ rPﬁEﬁ%éy%ﬂzﬁé,mﬁfs Xf The regﬁn compogltlon for

N-p(am n
N-p(am n
N- phenyl
N- phenyl

s 4S8R RO LLE OISR 20 oo composition fon

N-p(

ST TR LRI o e sover 1imce 1
é}gﬁﬂggﬁg%g%%ﬁ%?ﬁ%%;gf ’? amount of moisture absorption

N—(3-(trinethoxx§il | propyl) -1, 3-benzenedi net hanane and the |ike.
P 0

Exanpl es®8f° 3hg

hexamet h
i ncl ude

y
i FanetPAAUYRUGE R el B8 6p§I EHiFR hesysid apd
25Exanpl es of the mercaptosilane

| di sil .and the_ liKke.
é%é%a%?%&%%& P %EF@?%H A BFd ke reke. s spraiengly

couplingaagﬁpégdn%%:gguused singly or may be used

15

20

25

ct havind excellent scldering crack

resistance may be obtained. Furthermore, the upper limit
of the inorganic filler in the resin composition for
encapsulating a semiconductor is preferably equal to or
less than 93% by mass, more preferably equal to or less
than 91% by mass, and further preferably equal to or less
than 90% by mass, based on the total mass of the resin
composition for encapsulating a semiconductor. When the
upper limit is within the above range, the obtained resin
composition has both excellent flowability and excellent
moldability.

Incidentally, as described below, when metal hydroxide
such as aluminum hydroxide, magnesium hydroxide or the
like, or an inorganic flame retardant such as zinc borate,

zinc molybdate, antimony trioxide or the like is used, the



49 in conbination of two or nore kinds. [0080] The lower limt of
the mxing ratio of the coupling agent which may be used for the
resin conposition for 5 encapsul ating a_sem conductor of the present
invention is preferably equal to or nor 8%t han 0.01% by mass, nore
preferably equal to or nore than 0.05% by mass, and particularly

pref erably auakrifu Rt WO e hRAn Oo 130 JBES.aPASEA 0N LAR L L Bl the
resin composition for encapsulating Sem conductor. en the

| ower |i @i - L Xi L,Q 0 18 couplii_n t ] ithin the
above ra%tg@% ge%%gc%agdgg%%?&égvﬁ%ekggcle(%le%ts igf?lpgg:%d?eérk?% yr]latcli%ln the
resi stangg £ph be pbtained without lowering the interfacial strength
bet ween the epoxy resin and the 15 inorganic filler. On the other
hand, the uppey -}1m’t of the mxing ratio of the coupling agent is
preferably equa% o or less than 1% by nass, nore preferably equal to

or less tha - 3% tkcul arl referably equal .to o
Iess?han OEE%) gyé%&%s@éﬁggggdto]ggglhgggoégl%ﬁg%il?1afo“&%nap sql??rSﬁnfC{)LiCtor
ot 6 of Che hsouRt e Agert T8 Gl T i HThe Hoobe  Sje agn =E Tedst one
sem cond e xcell ent i ol deri.ng crack resistance can he

obt ai nedg\%rﬁ]%gﬁ\é] oﬁ%fi %Se]t%féEFrﬁ]eﬁ‘"S@i zﬁh%t Péfth G&R e "t eB%x;Fl
Lol g S Pe Y B0 L D S DS o B Ghb Rl {18
hor east 55 IR o Cabeut A GRS Ahd alh SABBrOURCESOP ATHACT 8dha Giinone
ol B TR RS o e BPEREE b b gand ana
cont ai n, i.rl addition to the a)} rementi oned conponents, an additive,

for exanple,®a® 61987 Ry “dgent g‘l?chc%glp@élrrb%n( Jacka ShéTyaP &F 451 afifum
oxide or _the Jike; .a natural wax such as a carnauba wax or the |ike;

a synt he?f:é:ev\%§<x§ ch'@sa Cp%??étylﬁﬂléﬁélglor‘\?\éftdro?h@elﬁ"k%?naan epoxy
rel easi ng _agent such as a higher fatty acid and netal salts thereof,

for exanpfeé %tgﬁlﬂccaagiudflﬁgnégﬁ%ﬁrataél%rlflhé“wké,l%“r bReHTER: a

| ow- stress additive sucgt;(a silicone oil, silicone rubber or the
like; an“PRorpanitd 19 Eriéﬁ‘d%‘? REEH SR1 bt SRTAP bkitde BRR feradiokity
t he 1I i ke;, a et al r}_y.dr oXi ge ?]%ch as.al um num hydroxi de, nmagnesium
hydrogxi deUdrt T heC K 9 and 57 &fes Bt 0P SdiidiP Asf etnesorBEE lating

zi nc nol deat e, %hocﬁ?hazene, antinmony trioxide or the |ike. [0082%
semlconductor, and chahging curing properties of the

cured product. Concrete examples of the compound (D)
include phosphorous-containing curing accelerators such
as organic phosphine, a tetra-substituted phosphonium

20 compound, a phosphobetaine compound, an adduct of a
phosphine compound and a guinone compound, an adduct of
a phosphonium compound and a silane compound, and the like;
and compounds such as 1,8-diazabicyclo(5,4,0)undecene-7,
benzyldimethylamine, 2-methylimidazole and the like.

25 Among these compounds, preferably used are
phosphorous-containing curing accelerators in view of

curability. In view of a balance between flowability and



20The resin conposition for encapsul ating a semi conductor of the
present invention is prepared, for exanple, by honpgeneously m xing
the phenol resin (A), the epoxy resin (B), the inorganic filler (CQ),
and the above-stated other additives at3hor nal tenperature using a
m xer or the |ike. 25[0083] Thereafter, as necessary, the

homogenous, fux1ue § 5 Fe)s kpeadad ysing gokneag g mchi ne such as a

heating 51 roller,” a kneader or an ex and "then the resulting
i Xt ' _Rulver i S .essary. r .
i sper si BT Ty Snd 1T ogaby 14 4 sy BaTadry eoos < OG8N Jém_ta;ﬂg i
i duct i f e.pr nt, .. escr.i bed.
o o el ol e 0 d e ESeTL WETL ) 41 BB S B oo una,

venti on. o7 BRm 6 a1 caq Eanetr 1180 ehi B Dok Biee R BF a

i nvention, “for rame or a cireu
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i ect i o T ARG B el ane TE Ry SR REShRE s mnasapotnt
e condact or L 8PBREHE Lo be RECanabt Bead | REFIGY TRLdor bt 8l % cti (s,
ol L0- ot SEE | Pmgl CeREFRY Tk ERe TG LR 150eeb M oy & o hgFEOnt of
o conduetbrt KAVEAS IHET A0 & HOF M- 1T A6 HEKABe™( BLP)S S aPpossiFE oF
oot ML SRLLLR (LT, 3 Quoptl 2L PREKIOE (D) B BE ) o,
" Uhi n qHEd T GF \BackBQE (TCPPRL Y { HBE Lot FFort pRBRAGU{ TERF 136 bal |

gL g 2 p e apenl! RS PAGKADe (S pRd e Like Ut

quinone compound. Furthermore, in viewpoint of the latent
curability, particularly preferably used is an adduct of
15 a phosphonium compound and a silane compound.

[0058]

Examples of the organic phosphine which may be used for
the resin composition for encapsulating a semiconductor
of the present invention include primary phosphines such

20 as ethylphosphine, phenylphosphine and the like;
secondary phosphines such as dimethylphosphine,
diphenylphosphine and the like; and tertiary phosphines
such as trimethylphosphine, triethylphosphine,
tributylphosphine, triphenylphosphine and the like.

25 [0059]

Examples of the tetra~substituted phosphonium compound

which may be used for the resin composition for



The sem conductor device in which a sem conductor elenment is

encapsul ated by a nol ding nethod such as 5 transfer nolding or the

| ike of the resin conposition for encapsul ating a sem conductor my
be mounted on any el ectronic device witB®ut curing or after
conpletely curing the resin conposition at a tenperature of about 80
10 200 degleessantd ghade ovekia diesled of ghouly 0 paules 10.42,40 op
hours. Fi g. is aviewillustrating a cross-section structuf e of
an exanpl: f sem r Vj i i jtion for
ncapaul ati T Ao TBaq Sy me RS 08 B B BT Ry ohehg AL
sem conduyct e 1is 15 fixed on a die pad 3 through a cured
die bondgggﬁi$?éIW§P}An el ectrode pad of the sem conductor el enent

| and a Iead[b%gﬂ? 5 are connected by a gold wire 4. The sem conduct or
elenment 1 is encabsulated with a cured product 6 of the resin

conpgsi tion E@&H§98g3§q§$£hﬂg_a §§niconductor. 20Fig. 2 is a view
iIIustratiné a cross-section stracture of an exanple of a one-side
encapsul at ed sem _conduct or device using a resin conposition for
encapsul ating a m confidct or according to the present invention. A
sem conductgr_el e _g% 1 iﬂ&ﬂFXFd ?n a surface of a 25 substrate 8
through a c rR4 dfe B8n er'%ﬁ 2 on a soldef’’resist 7 of a

|l ami nate where a bayer of the solder resist 7 is formed. 53 In
order for electric conduction between the sem conductor elenent 1 and

t he substrate t he . solder resist 7. on the e trode pad is
el i ni nat ed %Qﬁvghﬂﬁ%ggﬁﬂ$ﬁaas£ﬁf?ﬁg@tLi ae%t¥§&§%%ﬁnF§ a

exposed. 5Accordingly, the sem conductaor device in Fig., 2 is designed
to cmwm@g%ﬁﬁﬁg Q%r%ﬁ@ﬂﬁmﬁg;:hé’s %(ﬁﬁéuﬁﬁne@F&ﬂ%ﬁdfﬂﬁﬂﬁ?ﬁ§ly
el ectrode pad on the substrate 8 by neans of q§hgold wire 4. The
encapsul AFFYS PESTMACoAPSHRT FOR FECIRE T 61 2 &sePari igrgpresents
seniqpnductor devicg to forma cured product 6, whereby a

com Wonddt 6P E0i C6 7R GRICCH: bify Oad B Geafitth JThev BorPcaidd@aF £ one

el enent % of the substrate 8 ngunted thereon i s encapsul ated can be
obt ai ned® UFHet LPBA 0BE PR BF LA S tbdtr At e 28 N¥dF Rt hafiFpup, a
connect ed 1§%to 3 sol der ball 9 provided on the non-encapsul ated _
surface 68 THE*¥ubSTAtR 3R ERAVALESL[ 86831P b ersfd ek © Rearomatic

present invention will be described , , S
ring; AH represents an aromatic organic acid in which at

least one functional group selected from a hydroxyl group,
15 a carboxyl group and a thiol group is bonded to an aromatic
ring; x and y are each an integer of 1 to 3; z is an integer
of 0 to 3:; and x=y.
[0061]
The compound represented by the general formula (7) is
20 obtained, for example, in the following manner, but the
method is not restricted thereto. First, a
tetra-substituted phosphonium halide, an aromatic organic
acid and a base are added to an organic solvent and
uniformly mixed to produce an aromatic organic acid anion

25 in the solution system. Subseguently, water is added to



in detailwthreference to Exanples. However, the present invention is
not restricted to these Exanples. In the follow ng Exanpl es, the

m xi ng anmount of each conponent is represented by "parts by nass”

unl ess otherwise 25 particularly noted.3f0086] The fol |l owi ng phenol

resins 1 to 3 were used for the 54 phenol resin (A). Phenol resin
1: 100 S S..0f 1,6:n t edj ' [ | e
from Toﬁsgtem%%lggﬁcflgau;atn%, ggg’l&a{?g %Oﬁrjfle?%ﬁglg@g%lgh?é %%%%%Ié:{g?tg S the

i [ ; , ity: 29 , : b
Taos of ACTH L SR act I BiphreiP PRt ehNe? /2t SpPet Phsun
Wako P ] ies, . ity . 5% | I i-ght .
251) and 676 PRrLs 5y Mhss D BOFETAE of e el gt A o Spard &6
flask. Bl hg of iLth nit L h ti

ask. Vel gothgel)asknes 0 Budsd, WL 0098, I he LR (NG ey

m xture was heate to be stirred i SS0

initiati ing._ Th i i t f 2 h whi |

i ntal noRg A A brngrat Brs 1o Lot S ha T her Ra g d ofv 4285 S ur
d i . C .th tjon, 15 hyd hl ori i d
oy ot et hE A S nakhe Dl HIRHE L8 Rk TR o SR B R St FeRE e Ly

system by _nitrogen flo After c | etion of the reaction, remained
hydr ochl %Pi cana%:lga1 éDn% ﬁ'BFstR}P%D r’g(:a)_ renmoved under reduced-pressure
condi tion oE 6{2@9 at 150 degrees centigrade. A phenol resin 1 20
represented 8@ followi ng formula (13) (hydroxyl equivalent: 102,
softening point: 75 degrees centigrade, |Cl, viscosity at 150 degrees
centigr ade:gfaf‘?]d%ﬁ. e ﬁ?erﬂ%%gpm%gﬁéd}%t%a YRe FrehceMicy e
of OC: 51% . cont egﬁ of n=0.to 2: 95% nean ¥al ue of n: 0,72) was 25
obt dined" °& Endrt€i § S sEPRRRIS LR 197y, T8 Vil FEPS Eh? k8 haft

is illustrat.ed ig Fi‘}g{g 4. Phenol resin 2: An operation was carried

out in tRETSHNRROEE TRANBE 489 R TRESHHendt VEESi PR HBFAg A9 5° pRPGInds
by mass of 1, 6- na%htcra]lgen% ol .in the synthesis of the phenol resin

1, wher eb§Pd PRERGISF e8¥n 72F efPesent &d Dy € RE Heok | SRR ¥ 8r il la- (13)
(hydr oxyl e98i0v6a§]ent: 98,

[Chemical Formula 10]

(X1)
f N -
P (8)
3

I5 (Y1) g
In the above general formula (8), X1 represents an alkyl
group having 1 to 3 carbon atoms; Y1 represents a hydroxyl
group; £ is an integer of 0 to 5; and g is an integer of
0 to 4.
20 [0064]

The compound represented by the general formula (8) is
obtained, for example, in the following manner. First,
it is obtained through a step in which a
triaromatic-substituted phosphine, which is a tertiary

25 phosphine, is brought into contact with a diazonium salt



5 softening point: 84 degrees centigrade, 1Cl viscosity at 150
degrees centigrade: 0.9 dPa-s, content of n=0 calculated by the area
met hod of GPC. 55% content of n=0 to 2: 95% nean value of n: 0.65)
was obtained. A GPO chart is illustratesfin Fig. 5. 10Phenol resin 3:
100 parts by mass of 1, 6-naphthal enediol (commercially available

(rom Tokyg CHemLeale | AUk £Py e hi g s L 109 00 DLy 3R, 089568 anc
mass of 4,4 -bischlaro biphenyl (his vl.bi pheny! , 15
comer ci él I%lyl%%/gﬁlqa e %V@Eoecgﬁéregghaez?ng%gﬁ&rﬁ%géh'i esgo%tedi.efr’ the
purity: 9 | ecul i : apd .0, 6 parts by mass of pure

wat er mﬁg@&%hgg ilﬁégm?elggirgglgil%?agél%i |l e the flask was purged
with nitrog 8’06@@ resulting m xture was heated and began to be

stirred in association 20 with initiation of nelting. The reaction

was rried for 15 m nutes i.le mapntainin he tenperature in

t he g@stem F%lét ef?zsiné:’eéno?HfSC?%uf%O %Jgg?eé)gl%gﬁ 'ld}%dgf)%%uflﬁer?rh% a
parts by s of benzyl ch|loride.(a special grade_reagent, .

conmmer ci ggﬁfﬁ%@%i CEBIROFF S KARES CEP@% gjaef Elg.ej%dzgof:n%%,e bb IS Y

point: 179 degrees centigrade, nolecular weight: 126.6, purity:

55, 59 AN B0 AR bp O St SR ER b e BoE BB MHEpRFs® § ot P
reaction_s ster’r]C and 5§.further reacted for 2 hours. Durin tJ;e

above reB&tion, ~hydr oehl-ddt é@?&"b‘iﬁelcé’[%oflﬁ %er§§’§tee?r‘?ﬁget Py the
reaction di scharged out. of. the st by nitrogen flow After

conpl et i S\éqgjfo‘fﬁggr BEFGR L r%ﬁ&i“ﬁéﬁghﬁgﬁochl oric acid and 5 noisture
wer em)veil r%d(gL reduced- pressure condition of 2 mmHg at 150

degrees cen Pé ade, whereby a phenol resin 3 having the total of hl

to h4 of maii %m 3 aid havi ng a fir ucture represented by the

fol | owi ng foFmAS:£34) XRyH | L&dui val ent: 129, softening point: 67
degrees 10 centigrade, ICl viscosity at 150 degrees centigrade: 1.8
dPa.s, content of 50 cal culated by the area nethod of GPC. 52%
content of n=0 to?: 93% rRRan value of n: 0.70, content of the
conponent havi ng a|benzyl gfoup %q t he phenol resin 3: 50% by area by
the area negs—af paP v 3508t &i ned. A GD@)chart is illustrated

in Fig. 6, while a|FD-M5|chay{ is illustratedin Fig. 7. [0087]

[ Chem cal Formula 15]
R11 R14 R13

In the above general formula (9), P represents a
phosphorus atom; R9, R10 and R11 each represent an alkyl
15 group having 1 to 12 carbon atoms or an aryl group having
6 to 12 carbon atoms, which may be the same or different
from each other; R12, R13 and R14 each represent a hydrogen
atom or a hydrocarbon group having 1 to 12 carbon atoms,
which may be the same or different from each other; and
200 R12 and R13 may be bonded to each other to form a cyclic
structure.
[0067]

Preferable examples of the phosphine compound used for



20[ Chem cal Formula 16] 57 [0088] The phenol resins 4 to 7 were
used as the phenol resin other than the phenol resin (A). Phenol
resin 4: A naphthal enedi ol aral kyl resin having 5 a phenyl ene

skel eton represented by the follow ng f& mul a (15) (SN—375
comercially available from N ppon Steel Chem cal ., Ltd., hydroxyl

2t 150 asgecs 185 Brade st Sty \OhEREE b E?ﬁ%@ I pH RER S
vai | 4bl ST OR R %P L RS r.ki's Y I s ﬁ‘éﬁ”‘g"é{é'n?"y
ggg}ezgf en!tslnﬁgrg enst ‘?%JP:EQE)E%S %H Il dkégf'ﬁ%@ V[ﬁxsf?;slp}]gn;llt rrét5gane
Pl ast o Faddt F%%L%efl%anﬁho\,%%;ﬁ EGrvalent - 97, sof teni KS' Bﬁ. nt
o0 " B LA L MR Y3 L0 e R SRR, AL ©
comer ol 21 BYEh 3 Pohram Sl o, Balel 0,00 LLd syt
\{;fcozlst at 15gl%%gr§gs Creonrgégrl%derlng sdlfgsstltugégh%m cgl alilorerlnljlk?rl
group or an alkoxy group. Examples of the alkyl group and
the alkoxy group include alkyl groups having 1 to 6 carbon
10 atoms and alkoxy groups having 1 to 6 carbon atoms. From
the viewpoint of easy availability, triphenylphosphine is
preferred.
Examples of the quinone compound used for the adduct
of a phosphine compound and a guinone compound include
15 o-benzoquinone, p-benzoquinone and anthraquinones. Among
these compounds, p-benzogquinone is preferred from the
viewpoint of storage stability.
in a method for producing an adduct of a phosphine
compound and a quinone compound, an organic tertiary
20 phosphine is brought into contact with a benzoguinone in
a solvent that can dissolve both the organic tertiary
phosphine and the benzogquinone, and mixed to produce an
adduct thereof. Any solvent can be used as long as the
solubility into the adduct is low. Examples of the solvent
25 include ketones such as acetone and methyl ethyl ketone,

but are not limited thereto.

In the compound represented by the general formula (9),



[ 0089] GPO neasurenent of the phenol resin 1 was carried out under
the follow ng conditions. To 20 ng of a sanple of 5 the phenol resin
1 was added 6 ml of a solvent tetrahydrofuran (THF), and the
resulting mixture was fully dissolved afi8 supplied for the GPC
measurenent. As a GPO system there was used one in which a nodul e

W2695 co i al vailabl e _fr ters rpaQr.at i.on, TSK. 10
GJARDCO_%EH%-ELM?%{ SRIAD End 8mmy"r\? o lecfgé‘fng £iego AT godrded to a

CoLm) GAECECAIY avahlable Lo Tesal traiallon 42881, 19 Fhcn
colum) commet o 2k, oyabl il oM To8gh, RPN RDY B e
euail bl I o os 3, CPBRLER, VRGP £RRGS e n b ek, Tl o
ond e ST gtena Ealnnei Vg 4 OPE T gD iR BEL L 100801288 o
LT SR P P PBSUCETE L 1 o RLIB TESBUOTEN, O Ll
I of 2 BYBAFeEl dhechiensl uesia b, ded 49 of & soluell o

50 SoRted it LIRSR AL (o, and then supplied for the FONE

connecti ng TFR%ﬁA commercially available fromJEOL Ltd. to an
i oni zation r d connecting M5-700 5 (nodel nane, a

dou -focusin ss spectronetry device conmercially available from
JE&ﬂftd) 5%#%2?&&%? %gﬁmﬁ?éu&ﬁ T he SnedistFedEt 1 IR (HemBetEd eand
T To 9 wlr & LBl GFOTRE by iceh ey Bpoky TRstA Tl E AepRamin
aral kyl type epoxy. resin having a bi phenyl ene skel et on ( NC3000,
comnﬂci59%P%§éﬁ%ﬁﬁefﬂ%rﬁNF%ﬁﬁPkﬁ§%&BCE.FQRH?Pqﬂkﬁyor of the

equi val ent: 276, 15 softening, point: 58 degrees centigrade, |C
viscosi t Y55 4B0 deyY 8BS IUnt i grdded el comppyngs represented by the

following general formula (10}).
15 [0069]

{Chemical Formula 12]

+ -

R16 I

R15—P —R17 Y2—Si—-Y4 {10)
| NAANDY
R18 Y3 Y5

In the above general formula (10), P represents a
phosphorus atom; Si represents a silicon atom:; R15, R16,
20 R17 and R18 each represent an organic group having an
aromaticringcn:aheterocyclicring,cn:analiphaticgroup,
which may be the same or different from each other; X2 is
an organic group that bonds group Y2 to group ¥Y3; X3 is
an organic group that bonds group Y4 to group Y5; Y2 and

25 Y3 each represent a group formed when a proton-donating



Epoxy resin 2: A phenol aral kyl type epoxy resin having a phenyl ene
skel eton (NC2000, conmercially available from N ppon Kayaku Co.,
Ltd., epoxy equivalent: 238, softening 20 point: 52 degrees
centigrade, ICl viscosity at 150 degreeélcentlgrade 1.2 dPa-s).
Epoxy resin 3: A nodified ortho-cresol novol ac type epoxy resin

ol 52?2%%%‘%‘3*&% (Leing Bt 5o 58 gor abe ‘2ol dr 488 3 in the
Vi SCOSIt ]récg g%gffgsa%%ntljgﬁﬁg%dpj(léﬁ gg%oss)ll %??é?/(ﬁlgm nto fo\orm a

dlcyclopentadlene type epoxy resin

aval | abi /o DY G QO non 8Ll,0% 20Xy, £qul ¥R [,ifgﬁ?gg%‘ga;ggg&e%u&formed

poi nt : egrees Igra c” Vi scost ¢

cpoxy r cag " ﬁﬁ%ts%f@e%?a%?c. S8 FEPrdr %%‘Fﬂ% ‘é%i%a?‘éﬁ?éﬁf BSup
o Sogr 1y At R0 HEGR: iﬂ%ﬁ?lt&?%ﬁ%’%ﬁ% S UPEYS Ehny TUEr ef'ua'ob the
{1 om Nl pport 5t 801 SR B et B e Lty CaBPAd GhE 1h and X3 may
ot | or afg. 10 02" 0PE- 47 £h5 ”“8 %ﬁorkc'ﬁﬁébiéqﬂé%ﬁr?&pé?g %i?rees nd

resin ( 810, 15 ¢ rcially av le fro an Epoxy Resin :
Ltd. %Sy ENT §§| gﬂ{m 7€ S%thrﬁjﬁg Sp&itH : r’r% ?‘Ueegfi“éés %?Fgrédéd z1
softenln point: 107 degrees ce%égﬁrade | Cl V|5005|ty at 150 degrees
centi gragé adjo?,r(glga{l%? Egoxy hig: 3R pR pREFT 1 fy el RPoRy r@&sin

00 commercjally avail able from Japan Epoxy Resin Co., Ltd.
epoﬁ& aqre‘ﬁi:y%c §&ﬂ%n| R pof ne 1072 HeGr e2508ENt | gr ade, 1Q
V|5005|ty aﬁﬁéﬁp fegrees centigrade: 0.1 dPa-s). Epoxy resin 9: A

tri phenyl me ype epoxy resin 25(10321 1-60, commercially

avail abl e f onnggan E oxg Resi.n epoxy equivalent: 171,
sof t eni ng poOiAtP 685d84r B §'c§r?t(i"grpa%lé aTléI Ryifsddsiti\e srengpadedioagsula

61 {10) include a phenyl group, a methylphenyl group, a
methoxyphenyl group, a hydroxyphenyl group, a naphthyl
15 group, a hydroxynaphthyl group, a benzyl group, a methyl
group, an ethyl group, an n-butyl group, an n-octyl group,
a cyclohexyl group and the like. Among these, more
preferably used are aromatic groups having a substituent
and unsubstituted aromatic groups such as a phenyl group,
20 a methylphenyl group, a methoxyphenyl group, a
hydroxyphenyl group, a hydroxynaphthyl group and the like.
[0071]
Furthermore, in the general formula (10), X2 is an
organic group that bonds group Y2 to group ¥3. Similarly,
25 X3 1s an organic group that bonds group Y4 to group YS5.
Y2 and Y3 are each a group formed when a proton-donating

group releases a proton, and group Y2 and group Y3 in the



centigrade: 1.3 dPa.$). As an inorganic filler, there was used a
bl end of 100 parts by mass of nolten spherical silica FB560
commercially avail abl e from Denki Kagaku Kogyo Kabushi ki 5 Kai sha
(average particle size: 30 pnm), 6.5 partd by mass of synthetic
spherical silica SO C2 comercially available from Admat echs (average

Cpher | caf K b5 85te c%’rm’%?lﬂfgﬁey Wt R %%ee”?%sﬂi PRETLIEERE A GFaEE 2
B L ! L‘éhmgaé%%a U
e gptan buive dgolonsn sopminilael (Soen ol
the 20 fgll OWI nlg4forgu (ulg)YS[% Erh%alsaﬁnoeg nnlljcl) e]é le(z) aPPgPlll% esclzl(v\:rl'lth
7)  [009%]°

5 the silicon atom to form a chelate structure. The group
X2 and group X3 may be the same or different from each other,
and group Y2, group Y3, group Y4 and group Y5 may be the
same or different from one another. The group represented
by -Y2-X2-Y3- and the group represented by Y4-X3-Y5- in

10 the general formula (10) are each a group formed when a
proton donor releases two protons. Examples of the proton
donor include catechol, pyrogallol,
l,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene,
2,2"'-biphenol, 1,1'-~bi-2-naphthol, salicylic acid,

15 l-hydroxy-Z2-naphthoic acid, 3-hydroxy-2-naphthoic acid,
chloranilic acid, tannic acid, 2-hydroxybenzyl alcohol,
l,2-cyclohexanediol, 1,2-propanediol, glycerin and the
like. Among these, more preferably used are catechol,
l,2-dihydroxynaphthalene and 2,3-dihydroxynaphthalene.

20 Furthermore, in the general formula (10), Z1 represents
an organic group having an aromatic ring or a heterocyclic
ring, or an aliphatic group. Specific examples of Z1
include aliphatic hydrocarbon groups such as a methyl
group, an ethyl group, a propyl group, a butyl group, a

25 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



Compound (D3): A conpound (D) represented by the follow ng fornul a

(18), [Chem cal Fornmula 20] OH 5[ 0094] Compound (04): A

conpound (D) represented by the follomﬁgg formula (19), [ Chem cal
p

Forrmula 21] (19) 10[0095] Tri phenyl ph

hi ne was used as the other

phosphorus conpound. [0096] As the conpoung)(Eé,Ba coHPﬁuPd i
represented .t he l.1.Qw fQrmula (2 - ha al enedi ol
coﬁnerdzﬂIygg&ggzﬁﬁgggﬁﬁn 0 fogégﬁh%%lalﬁé&ﬁ%@¥R@§YPEngl group,

purity:

i0

15

20

25

%@ﬁe¥@%§%ﬁﬁro¥§¥”b%%uﬁ?rEw‘%%%LJ§%$§Q1“ﬁQoup, 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 from the viewpoint of thermal
stability of the general formula (10).

[0072]

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, A solution prepared by dissolving a
CLetra-substituted phosphonium halide such as tetraphenyl
phosphonium bromide in methanol in advance is added
dropwise to the resulting reaction product under stirring
at room temperature to precipitate crystals,. The
precipitatedcrystalsarefiltered,washedwithwater,and
then dried in vacuum. Thus, an adduct of a phosphonium
compound and a silane compound can be obtained. However,
the method is not limited to this.

[00731

The mixing ratio of the compound (D) which may be used
for the resin composition for encapsulating a
semiconductor of the present invention is more preferably

equal to or more than 0.1% by mass and equal to or less



63 The follow ng silane coupling agents 1 to 3 were used for the
silane coupling agent. Silane coupling agent 1: y-mercapt opropylt r
imethoxys i 1 ane ( KBM 8 0 3, comrercially 5 avail able from
Shi n- Etsu Chem cal Co., Ltd.). Si | ané4coupl i ng agent 2: _
y-gl yci doxypr opyl trimet hoxysi | ane (KBM4 03, conmercially avail able

from Shi S| ouplin ent

N- phenyl I%3 am nop op tr net ﬁoxys}ﬁ a%% t: %@rg‘%&an gomgr’mﬁ? lélolrkl' When
avai | abl g f e 0

net al gr oé><| é&gu%r?%?e%g?%im%?qgﬁd &t al Sn)}”d]rgsg thde ag;’ve
Metal hydry e r.oxi de nesi. u roxi de. an

zi nc hyd?ox % S%| |ﬁgglqpétl on, EC o?ré 5201819 w@lbaﬁnjr v & ApPE
from Tat g élc | ndustries Co., Lt d.). 20|\/Et al hydrox! de 2:

Al um num hydlr oXl e (CL310, commercially available from Sum t ono

Chenical . Phosphazene conpound: Cycl ophosphazene

( SPE-100, ccgm"rerca aI ly avail ab: F from lCIs;Jkaf Chengal tCo b LLd ).

Car bon bl ac 600) _comrerci a vai | abhl e from subi shi

Cheni cal Cor por |go)r]1:e\/\3/a3$nu§eod“93¥l CRol-5 n‘@ngﬁ@rﬁmﬂ tdthafiba wax

Cm“erI%Qﬁ&ggggé%%grfE%Wﬁﬁg%regent invention, a compound (E) in

which a hydroxyl group is bonded to each of two or more
adjacent carbon atoms constituting an aromatic ring
10 (hereinafter referred to as the compound (E}) may be
further used. Even when a phosphorus-containing curing
accelerator without having latency is used as the compound
(D) for accelerating a crosslinking reaction between the
phencl resin (A) and the epoxy resin, the reaction of the
15 resin composition during the melt kneading may be
suppressed with the use of the compound (E), so that a resin
composition for encapsulating a semiconductor can be
obtained stably.
Furthermore, the compound (E) also has an effect of
20 decreasing the melt viscosity of the resin composition for
encapsulating a semiconductor and increasing flowability.
Examples of the compound (E) include a monocyclic compound
represented by the following general formula {(11), a
polycyclic compound represented by the following general
25 formula (12) and the like, and these compounds may have
a substituent other than a hydroxyl group,

[0075]



Products Co., Ltd. (N kko Carnauba, nelting point: 83 degrees
centigrade) was used for the releasing agent. [0098] Exanple 1 5The
foll ow ng conponents were m xed using a m xer at normal tenperature,
and mel t - kneaded through a heating roll 4P at 80 to 100 degrees
centigrade. After being cooled, the mxture was pul verized to obtain

aresin conqqﬁﬁéhqqxi? FQQ%ﬁP§H|QE§Fg a sem conductor. The resulting
0

resin 10 conposition

r encapsulating a sem conductor was eval uated

with respect to the @pllomnng items. The evaluation results are shown

in Table 1.
by mass 15l nor gahi

oI

%é 5 parts by mass Epoxy resin 19.25 parts
50 parts by mass Curing accelerator 1

(D1)0.40 parts by : Sllane coupling age t 0.10 parts by nmass
Si | ane coupl Q%b s .gggﬁarts by mass il ane coupl i ng agent 30.05
parts by nass Col o ing t0.30 parts by mass Rel easi ng agent 0. 10

parts by mass [ 0099] Sﬁlral Fl ow The resin conposition for

encapsul ating a sen1%3

ductor 25 obtained in the above manner was

injected int §E fIOM/neasurln nD bU|it accordlng to
er e con

EMM - 1- 66 un

ar't i26HsS 591 Lt 195 They eB%g or R23

centlgraq% émﬁydroxyl group, when one of R19 and R23 is a hydroxyl

5

10

15

20

group, the other is a hydrogen atom, a hydroxyl group or
a2 substituent other than a hydroxyl group; and R20, R21
and R22 are each a hydrogen atom, a hydroxyl group or a
substituent other than a hydroxyl group,

[0076]

[Chemical Formula 14]

R24 R25
HO R26
O
R30 R27
R29 R28

In the above general formula (12), either R24 or R30
is a hydroxyl group, when one of R24 and R30 is a hydroxyl
group, the other is a hydrogen atom, a hydroxyl group or
a substituent other than a hydroxyl group; and R25, R26,
R27, R28 and R29 are each a hydrogen atom, a hydroxyl group
or a substituent other than a hydroxyl group.

[0077]

Examples of the monocyclic compound represented by the
general formula {11) include catechol, pyrogallol, gallic

acid, gallic acid esters and their derivatives. Examples



65 injection pressure of 6.9 MPa and a pressure application tinme of
120 seconds using a | ow pressure transfer nolding machi ne (KTS-15,
commercially avail abl e from Koht aki Preci sion Machine Co., Ltd.), and
the flow |l ength was 5 neasured. The spif#@l flowis a paraneter of
flowability, and a greater value indicates higher flowability. The

it i 001 -FI Resi st 1Q0Th i iti f
oncapsul St e B v A R A h L R Rt Sty ERe Tenerar
diti I t f_ 175 .d '
oot opda Bl ] TR AR P 2 R R B P M Ll b and &

curing ti of. 120, seconds .using a | ow pressur.e transfer 15 noldin
nmachi ne %E?S—%b%ygoﬁ%?@iaﬁqghggae?l?%blaél4r%ﬁr]el%oqwtﬁﬁirlﬁaet&?'gieén‘ Athong
Machi ne . Ltd, whereby .a fl anme-resi stant test_piece having a

t hi cknesgggfs%.%O%O\%édﬁregécroéﬂaﬁ%ﬂ KeSrEP Al v 75 &R el céﬁgitg?%éle‘)f
for hour,s. The._prepared test piece was subjected to a flanme 20

r esi gstan & PR Lt Db aﬁEéa\ﬁpjtﬁlgys'té’rﬁ% BISAELY 1Y 284 A St Re COmRRAUNA
vertical ,methad to determ ne flanme resistance. Fmax, EF and rank of
flanme resf'st’ r}c‘:ehéal‘?‘éég’an‘éfﬁrﬁ%??Bnlﬁe?@n%@\ﬁ? £ aabl e§. t¥Redfdd Gent
conposition for e][jcapsul ati ng a sem conductor obtained in _the above

25 exhi bPE&EP BXcRF PER FAaTE 1idtt ShEnds, ttat4C Fiddd of FASEREAO e,
EF of 24 secqonds and rank of flane resistance of V-0. 66 [0101]

Cont i nuot§ NBISHT G Prop t""SPl"l"JCTrIJrn;1 ZRELR LM SsPitih Forkneading, more
encapsul at i nﬁ%%‘a F:? m conduct or obtained in the above was placed in a
tabl et t§pé&Habf 3%%%@%@&%?@@%&83@%% HIB WRedsPHG ke us,
rot%y tabl eti nﬂ machi ne, and tabletted under a tabpl et pressure of

600 Ph t8 ORI RPCATIRES I The . t #516ER Were pPécetLatd kabrer sdiphigh
magazi ne and set inside the nolding machine. Using a | ow pressure

aut onat i ¥StrHnsPEr St Bidg thachi Ad 1ol E Sy-aonve, gepgqynd (E) may
avai l abl e from Sci nex Corporation), nolding of a sem conductor device
of 208-pPR A TArRéad 1 rhRE, SFRRRGE ouReC FIRRUNZE RAKIZ IMR3. 2
mm (thi ckness), pad size: 15.5 mmx15.5 mm chip size: 15.0 mx15.0

nmmx0. 35 ﬂ«ﬁnp(%hleﬁﬁés%)ylm aF RER 1H/S ehedpsdil Avidre aysidn kbhadipe 15

or the like with the tablets of the resin conposition for

encapsul atidngl AR yeH tvHaGR bt hads ronaddt cehep & 1800 vshbt ¥eisn a These
conti nuous manner under the conditions of a nold tenperature of 175
degrides eemMAQrLaES, &R’ i Aastct Pen Wiedseria1 @l vo.c8 Mpa vardte aus®d ngn

time of 60 seconds. In
combination ¢f two or more kinds.

[0078]
The mixing amount of the compound (E) is equal to or
more than 0.01% by mass and equal to or less than 1% by
20 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, based on the total resin
composition for encapsulating a semiconductor. When the
25 lower limit of the mixing amount of the compound (E) is
within the above range, the resin composition for

encapsulating a semiconductor may achieve sufficient low



20 this case, the nolding state (presence or absence of insufficient

filling) of the sem conductor device per every 25 shots was
confirmed, and then the nunber of shots where the insufficient
filling was first confirmed was indicatéd in Tables. The resin

conposition for 25 encapsul ating a sem conductor obtained in the

above exhi:hi : e nt. i mol di roperty, that i equa
above exihl L ed XEeLLant A9PLL MU T 0 BLABET L Yy (o B Pk
above, descrbed 4l eLp L8RS {Dlie ARapine, suah dhat I3 Lablets
the tabl Soa M oCkEa Tt vt B by B ARMGSt REbbve LF TabRG Littie
pocause B 1Exgd drtef UaEt LBy S R o e se R v L n g
was Si eparat ed_eyen though the fixed surface existed was scored
O.S;G‘Jgnijb%/rozp%%ﬁ%accffs\é ac]ée%inchcwg%%tﬁo)’?e Abs o g2 Theg a
t ot al scgr%mggp%escri bed in Table 4 under the itemof fjxation

€

resi st ance. U GeRéral® Lofititiblg fol oF AG proteds,sabdere fablers

were in %e\ﬁertig%lr!ig/ stacked state at a maxi num height of 20 to 40 cm

in the nagaz‘?%lé iside the auto transfer unit of the nol di ng nmachi ne,

and were in_a standby state at a surface tenperature of about 20 to
by Xi i

30 degrees C&IYTREE LY aS6RE nd FIBPPAHEEr §EdurGhgreEre opd to
peri od ug%}il nol di ng. For, su %i ng and transferring the tablets in
the nol d-R§ MRRERE. TRE 1dpp SERLHFEN GRS PusHE ogefGBalt Ao rmula
upp partEL of , t he magazi ne by raising the push-up pin fromthe
bot tel(r)ommé Joat® 5P feChefine, lifted with a mechanical arm and
transferred_to the pot 25 for transfer nolding. In this case, when
the tablet wii tithySi gt ndB87ihet WEs CFABRAUSR § heElippér @pmpowsrd (E)
side, defective transfer took place and the productivity 68 was
i mpai r ed” [01D3P °BG1 1 R g Bat R SARR? pOilorr Rat& Al sk i k@deektt pi be
havi ng a ?Ili aneter of 50_nm and L
pnenol resin (A), and the mixing amount of the phenol resin
(A) is determined including the amount of the compound (E)
15 added.

[G079]

In the resin composition for encapsulating a
semiconductor of the present invention, for the purpose
of improving adhesion between the epoxy resin (B) and the

20 incorganic filler (C), an acdhesion auxiliary agent such as
a silane coupling agent or the like may be added.

The coupling agent is not particularly limited, and
examples thereof include epoxysilane, aminosilane,
ureidosilane, mercaptosilane and the like, and it may be

25 any one which can be reacted between an epoxy resin and

an inorganic filler to improve the interfacial strength

between the epoxy resin and the inorganic filler.



5 a thickness of 3 mmwas fornmed at a nold tenperature of 175 degrees
centigrade and an injection pressure of 9.8 MPa for a curing tine of
120 seconds using a | ow pressure transfer nol ding machi ne (KTS- 30,
comercial ly avail abl e from Koht aki Pre#$sion Machine Co., Ltd.), and
heated at 10 175 degrees centigrade for 4 hours. The wei ght change of
the test gpi f t g cQpi reat ment .and after_the boilin
tremwmnt%é?%ﬁ?gé%.érucngég%mﬁ%f%églﬁﬁﬁ ﬁé,gaﬁgﬁﬁﬁaﬂﬁ?e%e ideq
absorpti iece ex sed as_a perce ge, . The unit

i R b T 2 B s Bh e SR ol Eonter G Suna

is % The resin conp or enCapsu )

bt ai ned  iq t i bit I t b [ that is, al |
Co or Ted h iand B, Fhd HaRte Banapd el SPoken sordd toepEidibon
Test 1 2 : ' iLtiqn. | ati ' duct or,

! oct e Raer L ha YOGl £ PG bt & 1D L BRpEPALLr 8161 STB0° HegRides the

centigrade,, an_injection pressure of 7.4 MPa and a curing tine of 120
secon%s. %gilnagn% flé)vl\%%jrégggraég?}%n'.sfgr mol di ng machi ne (GP-ELF,
commerci al | y_avai | abl eéSerom Dai -1 c.hJ0 Sei ko gih, Ltd.) to perform

encapsul at i 6f “nol df ig < PedtP P Faifet of i 'chC 2 "S&hi conduct or

el enent (sil.con chi was unted. Thus,. a sem conductor device 69
conmposed 69%%}%5?%158@3?&?1633&%6&5Jal%:ﬂelfead frame, size: 14
mMx20 mmx2 mm nes?ﬁggsem' conductor el ement size: 7 mmx7

2,00, Iy (L ck
mmx0. 35 ¥mIthT &RRSEy Lo M&nda &St kP Bfent bei ng bonded to an

i nner Ieao_l\ﬂglgrt a of a Ieaglfra u%i, ng a gold wre having a dianeter
of 25 pny Was’ préEFarEaT P %?Eg& 1ERE RexYSdndiBor devi ces

heatl-tre 'g_ed1 a% 175 degrecfi;qcenti rade for 4 hours were treated at 60
degrides Eerltd gf a8® HAECY T BerVe hahldiltlyr bRegdve x5 lbdnRogrsd hAE

then an !LR refl ow process (at 10 260 degrees centigrade in accordance
with thelddfdition of JEDEC Level 2) was perforned. The presence or
absence of del am pation_and cracki ng inside the sem conductor devices
after the p 6@&&%@%5\/\/&? ob8&r AU Pt b2 BEariit AgU&@ust i ¢ t onpgr aph
(m -scope 10,, commercially avail able 15 from H tachi Kenki Fine Tech
Co., LtdY)2TSehPRERRELSF R e&y s hlamiech at | east one of

del am nati on and cracki ng was caused were determ ned as defective.
Wien t heYAGHbER OB QRY ELWRE EBRXCERHLEIG? - devi ces was n, n/6 was

i ndi cated. The resin conposition for encapsulating a 20 sem conduct or
obt dithedVi® tHR1BOS D BXAiI VDT Bd NORBPPHIT F eI ¢ XYy 1 kawme i s, 0/6.

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

20 N-6-(aminohexyl)3-aminopropyltrimethoxysilane,
N-(3-(trimethoxysilylpropyl)-1,3-benzenedimethanane
and the like. hxamples of the ureidosilane include

y-ureidopropyltriethoxysilane, hexamethyldisilazane and

the like.
25 Examples of the mercaptosilane include
y-mercaptopropyltrimethoxysilane and the like. These

silane coupling agents may be used singly or may be used



[ 0105] Sol der Resistance Test 2 The test was carried out in the sane
manner as in Solder 25 Resistance Test 1, except that the six

sem conduct or devices heat-treated at 175 degrees centigrade for 4
hours in the above Sol der Resistance Te$! 1 were treated at a 70
tenperature of 85 degrees centigrade and a relative humdity of 60%
for 168 tﬂﬁurcfsomgﬁ%ast?%ﬁo%df'%%% deyi %%&pe( e%rnecg using the resin
conposition for encapsulating a sem conductor o tained in the above
exhi bited eig%lsl@ t S5reliability, that is, 0/6. [0106]

H gh-tenperature Storage Test The resin conposition for

| at i i i njected d t diti f

ool d"t emper Sis BT AL CE s e R S SRR SRR b e nt

f 6.9 .7 i od.of 9 d i l.
Cranst er R rl e B EBE Wit a1 5 AR P A e T ot
Dai -ichi ik e Ltd.) t f | ati | di ng. of | ead
fram? oneliaane Slata et PoR S Sl Sacat| ShbrPamas hokRisin ban 1
Thus, i.conduct or _devi d of 16 pin DIP_(dual inli
Package. Ba3 ST By bra R et SRS ranal Mt B K (PRRGknGREF S
sem conduct el ﬁrIen_t: 5 9nm<0_. 35mm ('t icknﬁﬁs@ .the sem conduct or
el enent RaViHg AR ‘oki 98 UPayer Ch&F MiCa2d R Afckeba 0P ¥% Bsror ne8%on

its surface . and further an_alumi numw ring pattern haying a |ine and
Space.of BIG o POPIAY BHoP Ear £ Bohll SEPAY BOnAETES Sl Bt b o g
pad sect'%)on and a”%{e;‘ad frang pad section on ,the el ement using a gold
wire havPA§ S P Bmel& Wit25 piS WRsCRIEAT &d Ofhet 25 PRIG3RFULATING 2
resi1 t ances .of t%e 10 sem conduct or devi ces_post-cured_ by being .
heat™-t r eBf8d QP75 Wegree¥ tFBPade T OF & bl sOhetd heksti8d, Hmbio
a hi gh-teg‘perature storage 71 treatnment was carried out at 185

degrees E&ntilyF afé ¥t T EDRIRBr <L S Vet he £dE seARYE oFagge, a

sem conduct or device after being subjected to a high tenperature

t r eat menf SHEsC TRESTEAT aftf ¥+ CRa$ ARG E ha 1 i 1 8P Tids9 sEaekof a
5 sem conduct or device, the sem conductor, device was eval uated as

def ect i vESWRhATIGE nuRBer Bf CBEFEEE £ fe ki Bdrdut e BE rdev¥ céd Shas n,

n/ 10 was.i ndi cated. The resin conposition for encapsulating a
sem condtBtSit bBfdinkdS it ahet Bh ARt BRRibi toE &RekVemtes i aBidi Epe

that. i s, 0/10. 1Q[ 0107
15 inorganic filler. On the other hand, the upper limit of

the mixing ratio of the coupling agent is preferably equal
to oxr less than 1% 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, based on the total resin

20 composition for encapsulating a semiconductor. When the
upper limit of the mixing ratic of the coupling agent is
within the above range, a semiconductor device excellent
in soldering crack resistance can be obtained without
lowering the interfacial strength between the epoxy resin

25 and the inorganic filler. Also, when the mixing ratio of
the coupling agent is within the above range, a

semiconductor device excellent in soldering crack



Exanples 2 to 11, Conparative Exanples 1 to 4 Resin conpositions for
encapsul ating a semni conductor were prepared in the sane manner as in
Exanple 1 in accordance with the m xi ng anounts shown in Tables 1 to
15 3, and evaluated in the same manner 88 in Exanple 1. The

eval uation results are shown in Tables 1 to 3. 72 [0108] [Table 1]

rE)(;girrﬁlle %e@&agpg%cze %g@lbeeBO%aa@£Sd4 wEi(QH%luec 5'15)&‘3}: allsei%ngm?é(ger
absorption of the cured product of the resin composition.
[0081]
The resin composition for encapsulating a semiconductor

5 of the present invention may further properly contain, in
addition to the aforementioned components, an additive,
for example, a coloring agent such as carbon black, bengala,
titanium oxide or the like; a2 natural wax such as a carnauba
wax or the like; a synthetic wax such as a polyethylene

100 wax or the like; a releasing agent such as a higher fatty
acid and metal salts thereof, for example, stearic acid,
zinc stearate or the like, or paraffin; a low-stress
additive such as silicone 0il, silicone rubber or the like;
an inorganic ion-exchanger such as bismuth oxide hydrate

15 or the like; a metal hydroxide such as aluminum hydroxide,
magnesium hydroxide or the like; and a flame retardant such
as zinc borate, zinc molybdate, phosphazene, antimony
trioxide or the like.

[0082]

20 The resin composition for encapsulating a semiconductor
of the present invention is prepared, for example, by
homogeneously mixing the phenol 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.

25 [0083]

Thereafter, as necessary, the homogencus mixture is

melt-kneaded using a kneading machine such as a heating
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roller, a kneader or an extruder, and then the resulting
mixture is cooled and pulverized as necessary. Desirable
dispersibility and flowability may be achieved.

[0084]

Next, the semiconductor device of the present invention
will be described.

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

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

Examples of the shape of the obtained semiconductor
device include a dual in-line package (DIP), a plastic
leaded chip carrier (PLCC), a quad flat package (QFP), a
low-profile gquad flat package (LQFP), a small outline
package (SOP), a small outline J-leaded package (S0J), a
thin small outline package (TSOP), a thin quad flat package

(TQFP), a tape carrier package (TCP), a ball grid array



9. 01 Phenol resinl 3.25 3.59 Phenolresin 2 3.16 3.51 Phenol

resin3

10

15

20

25

52

(BGA), a chip size package {(CSP) and the like, but are not
restricted thereto.

The semiconductor device in which a semiconductor
element is encapsulated by a molding method such as
transfer molding or the like of the resin composition for
encapsulating a semiconductor may be mounted on any
electronic device 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.

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

Fig. 2 is a view illustrating a cross-section structure
cf an example of a one-side encapsulated semiconductor
device using a resin composition for encapsulating a
semiconductor according 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 is formed.
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In order 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 the gold wire 4.

The encapsulating resin composition is used for
encapsulating a semiconductor device to form a cured
product 6, whereby a semiconductor device in which only
one side with the semiconductor element 1 of the substrate
8 mounted therecon 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

[0085]

Hereinafter, the present invention will be described
in detail 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.

[0086]

The following phenol resins 1 to 3 were used for the



Conpound( D2) 0. 43 Conpound( D3) 0.30 Conpound(D4) 0. 30
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phenol resin (A).

Phenol resin 1: 100 parts by mass of 1, 6—naphthalenediocl
(commercially available from Tokyo Chemical Industry, Co.,
Ltd., melting point: 136 degrees centigrade, molecular

5 weight: 160.2, purity: 99.5%), 31.5 parts by mass of
4,4’ -bischloromethylbiphenyl (commercially available
from Wako Pure Chemical Industries, Ltd., purity: 97.5%,
molecular weight: 251) and 0.6 parts by mass of pure water
were welghed in a separable flask. While the flask was

10 purged with nitrogen, the resulting mixture was heated and
began to be stirred in association with initiation of
melting. The reaction was carried out for 2 hours while
maintaining the temperature in the system in the range of
150 to 160 degrees centigrade. During the above reaction,

15 hydrochloric acid generated in the system by the reaction
was discharged out of the system by nitrogen flow. After
completion of the reaction, remained hydrochloric acid and
moisture were removed under reduced-pressure condition of
2 mmHg at 150 degrees centigrade. A phenol resin 1

20 represented by the following formula (13) (hydroxyl
equivalent: 102, softening point: 75 degrees centigrade,
ICI viscosity at 150 degrees centigrade: 1.15 dPa-s,
content of n=0 calculated by the area method of GPC: 51%,
content of n=0 to 2: 95%, mean value of n: 0.72) was

25 obtained. A GPC chart is illustrated in Fig. 3, while a

FD-MS chart is illustrated in Fig. 4.

Phenol resin 2: An operation was carried out in the same
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manner as in the phenol resin 1 using 115 parts by mass
of 1,6—naphthalenedicl in the synthesis of the phenol
resin 1, whereby a phenol resin 2 represented by the
following formula (13) (hydroxyl equivalent: 98,
softening point: 84 degrees centigrade, ICI viscosity at
150 degrees centigrade: 0.9 dPa-s, content of n=0
calculated by the area method of GPC: 55%, content of n=0
to 2: 95%, mean value of n: 0.65) was obtained. A GPC chart
is illustrated in Fig. 5.

Phenol resin 3: 100 parts by mass of 1, 6—naphthalenediol
(commercially available from Tokyo Chemical Industry, Co.,
Ltd., melting point: 136 degrees centigrade, molecular
weight: 160.2, purity: 99.5%), 35.4 parts by mass of
4,4’ -bischloromethylbiphenyl (bischloromethylbiphenyl,
commercially available from Wako Pure Chemical Industries,
Ltd., purity: 96%, molecular weight: 251) and 0.6 parts
by mass of pure water were weighed in a separable flask.
While the flask was purged with nitrogen, the resulting
mixture was heated and began to be stirred in association
with initiation of melting. The reaction was carried out
for 15 minutes while maintaining the temperature in the
system in the range of 150 to 160 degrees centigrade, and
then 40 parts by mass of benzyl chloride (a special grade
reagent, commercially available from Kanto Chemical Co.,
Inc., boiling point: 179 degrees centigrade, molecular
weight: 126.6, purity: 99.5%) and 0.6 parts by mass of pure

water were added dropwise to the reaction system, and
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further reacted for 2 hours. During the above reaction,
hydrochloric acid generated in the system by the reaction
was discharged out of the system by nitrogen flow. After
completion of the reaction, remained hydrochloric acid and
moisture were removed under reduced-pressure condition of
2 mmEg at 150 degrees centigrade, whereby a phenol resin
3 having the total of hl to hé4 of maximum 3 and having a
structure represented by the following formula (14)
(hydroxyl egquivalent: 129, softening point: 67 degrees
centigrade, ICI viscosity at 150 degrees centigrade: 1.8
dPa-+s, content of n=0 calculated by the area method of GPC:
52%, content of n=0 to 2: 93%, mean value of n: 0.70,
content of the component having a benzyl group in the
phenol resin 3: 50% by area by the area method of GPC) was
obtained. A GPC chart is illustrated in Fig. 6, while a
FD-MS chart is illustrated in Fig. 7.

[0087]

[Chemical Formula 15]

OH OH

(S ren~0O—O-on— I+ —
HO HO

n

(13}

[Chemical Formula 16]
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[0088]

The phencl resins 4 to 7 were used as the phenol resin
other than the phenol resin (A).

Phenol resin 4: A naphthalenediol aralkyl resin having
a phenylene skeleton represented by the following formula
(15) (SN-375, commercially available from Nippon Steel
Chemical Co., Ltd., hydroxyl equivalent: 99, softening
point: 70 degrees centigrade, ICI viscosity at 150 degrees
centigrade: 0.7 dPa-s).

Phenol resin 5: A phenol aralkyl resin having a
biphenylene skeleton (MEH-78518S, commercially available
from Meiwa Plastic Industries, Ltd., hydroxyl equivalent:
203, sotftening point: 67 degrees centigrade, ICI viscosity
at 150 degrees centigrade: 0.7 dPa-s).

Phenol resin 6: A triphenylmethane type phenol resin
(MEH-7500, commercially available from Meiwa Plastic
Industries, Ltd., hydroxyl eguivalent: 97, softening
peint: 110 degrees centigrade, ICI viscosity at 150
degrees centigrade: 5.8 dPa-s).

Phenol resin 7: A phenol novolac resin (PR-HF-3,
commercially available from Sumitomo Bakelite Co., Ltd.,
hydroxyl equivalent: 104, softening point: 80 degrees
centigrade, ICI viscosity at 150 degrees centigrade: 5.8
dPa-s) .

fChemical Formula 17]
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OH

OH
o @v CHz CHZHO/WJ H (15)
n

GPC measurement of the phenol resin 1 was carried out

[G089]

under the following conditions. To 20 mg of a sample of
the phenol resin 1 was added 6 ml of a solvent
tetrahydrofuran (THF), and the resulting mixture was fully
dissolved and supplied for the GPC measurement. As a GPC
system, there was used one in which a module W2695
commercially available from Waters Corporation, TSK
GUARDCOLUMN HHR-L (diameter: 6.0 mm, tube length: 40 mm,
guard column) commercially available from Tosoh
Corporation, two of TSK-GEL GMHHR-L (diameter: 7.8 mm,
tube length: 30 mm, polystyrene gel column) commercially
available from Tosoh Corporation, and a differential
refractive index (RI) detector W2414 commercially
available from Waters Corporation were connected in series.
The flow rate of the pump was set to 0.5 ml/min, the
temperature in the column and the differential refractive
index meter was set to 40 degrees centigrade, and 100 pl
of a test solution was injected from an injector to carry
ocut GPC measurement.

FD-MS measurement of the phenol resin 1 was carried out
under the following conditions. To 10 mg of a sample of
the phenol resin 1 was added 1 g of a solvent dimethyl

sulfoxide, and the resulting mixture was fully dissolved,
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coated on the FD emitter, and then supplied for the FD-MS
measurement. As a FD-MS system, there was used one
obtained by connecting MS-FD15A commercially available
from JEOL Ltd. to an ionization part and connecting MS-700
(model name, a double-focusing mass spectrometry device
commercially available from JEOL Ltd.) to a detector to
carry out the measurement in the detected mass range (m/z)
of 50 to 2,000.

[0090]

The following epoxy resins 1 to 9 were used for the epoxy
resin,

Epoxy resin 1: A phenol aralkyl type epoxy resin having
a biphenylene skeleton (NC3000, commercially available
from Nippon Kayaku Co., Ltd., epoxy equivalent: 276,
softening point: 58 degrees centigrade, ICI viscosity at
150 degrees centigrade: 1.11 dPa-s).

Epoxy resin 2: A phenol aralkyl type epoxy resin having
a phenylene skeleton (NC2000, commercially available from
Nippon Kayaku Co., Ltd., epoxy equivalent: 238, softening
point: 52 degrees centigrade, ICI viscosity at 150 degrees
centigrade: 1.2 dPa-s).

Epoxy resin 3: A modified ortho-cresol novolac type
epoxXxy resin (HP-5000, commercially available from DIC
Corporation, epoxy egquivalent: 251, softening point: 58
degrees centigrade, ICI viscosity at 150 degrees
centigrade: 0.85 dPa-*s).

Epoxy resin 4: A dicyclopentadiene type epoxy resin
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(HP-7200L, commercially available from DIC Corporation,
epoxy equivalent: 244, softening point: 56 degrees
centigrade, ICI viscosity at 150 degrees centigrade: 0.24
dPFa-s) .

Epoxy resin 5; An ortho-cresol novolac type epoxy resin
(N660, commercially available from DIC Corporation, epoxy
equivalent: 210, softening point: 62 degrees centigrade,
ICI viscosity at 150'degrees centigrade: 2.34 dPa-s}.

Epoxy resin 6: A bisphenol F type epoxy resin (YSLV-80XY,
commercially available from Nippon Steel Chemical Co.,
Ltd., epoxy eguivalent: 190, melting point: 80 degrees
centigrade, ICI viscosity at 150 degrees centigrade: 0.03
dPa-s).

Epoxy resin 7: A bisphenol A type epoxy resin (YL6B81O,
commercially available from Japan Epoxy Resin Ce., Ltd.,
epoxy equivalent: 172, welting point: 45 dégrees
centigrade, ICI viscosity at 150 degrees centigrade:
0.03 dPa-s).

Epoxy resin 8: A biphenyl type epoxy resin (YX4Q00K,
commercially available from Japan Epoxy Resin Co., Ltd.,
epoxy equivalent: 185, melting point: 107 degrees
centigrade, ICI viscosity at 150 degrees centigrade: 0.1
dPa-s).

Epoxy resin 89: A triphenylmethane type epoxy resin
(1032H~60, commercially available from Japan Epoxy Resin
Co., Ltd., epoxy equivalent: 171, softening point: 60

degrees centigrade, ICI viscosity at 150 degrees
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centigrade: 1.3 dPa-s).

As an inorganic filler, there was used a blend of 100
parts by mass of molten spherical silica FB560
commercially available from Denki Kagaku Kogyo Kabushiki
Kaisha (average particle size: 30 um), 6.5 parts by mass
of synthetic spherical silica S0-C2 commercially
available from Admatechs (average particle diameter: 0.5
um), and 7.5 parts by mass of synthetic spherical silica
SC0-C5 commercially available from Admatechs (average
particle diameter: 30 pum).

[0091]

The following four compounds were used for the compound
(D).

Compound (D1): A compound (D} represented by the
following formula (16),

[Chemical Formula 18]

Q@

= CO| D] e

1 1
[00592]
Compound (D2): A compound (D) represented by the
following formula (17},

[Chemical Formula 19]
Ph i
‘ o’ ~0 a7

[0093]



4.51 2.43 Phenolresin 2 3.89 4.19 Phenol resin 3 4.91 2.43
I norganicfillerl 86.50 85.50 85.50
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Compound (D3): A compound (D) represented by the

following formula (18),

[Chemical Formula 20]

® o
PhyP
(18)
OH
[0094]

Compound (D4): A compound (D) represented by the
following formula (19},

[Chemical Formula 21]

L

Ph
: (19)

[0095]

Triphenylphosphine was used as the other phosphorus
compound.

[00%6]

As the compound (E), a compound represented by the
following formula (20) (2,3-naphthalenediol,
commercially available from Tokyo Chemical Industry, Co.,
Ltd., purity: 98%) was used,

[Chemical Formula 22]

HO
HO

[0097]
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The following silane coupling agents 1 to 3 were used
for the silane coupling agent.

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.,
Ltad.) .

The following metal hydroxides 1 and 2 were used for
the metal hydroxide.

Metal hydroxide 1: A complex metal hydroxide (magnesium
hydroxideandzinchydroxidesolidsolution,EchomagZ—lG,
commercially available from Tateho Chemical Industries
Co., Ltd.).

Metal hydroxide 2: Aluminum hydroxide (CL310,
commercially available from Sumitomo Chemical Co., Ltd.).
Phosphazene compound: Cyclophosphazene (SPE-100,
commercially available from Otsuka Chemical Co., Ltd.).
Carbon black (MA600) commercially available from
Mitsubishi Chemical Corporation was used for the coloring

agent.

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

[0098]

Example 1

The following components were mixed using a mixer at
normal temperature, and melt-kneaded through a heating
roller at 80 to 100 degrees centigrade. After being cooled,
the mixture was pulverized to obtain a resin composition
for encapsulating a semiconductor. The resulting resin
composition for encapsulating a semiconductor was
evaluated with respect to the following items. The

evaluation results are shown in Table 1.

Phenol resin 1 3.25 parts by mass
Epoxy resin 1 9.25 parts by mass
Inorganic filler 86.50 parts by mass
Curing accelerator 1 (D1) 0.40 parts by mass
Silane coupling agent 1 0.10 parts by mass
Silane coupling agent 2 0.05 parts by mass
Silane coupling agent 3 0.05 parts by mass
Coloring agent 0.30 parts by mass
Releasing agent 0.10 parts by mass
[0099]

Spiral Fiow

The resin composition for encapsulating a semiconductor
obtained in the above manner was injected into a spiral
flow measuring mold built according to EMMI-1-66 under the

conditions of a temperature of 175 degrees centigrade, an
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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 parameter of flowability,
and a greater value indicates higher flowability. The unit
is cm.

[0100]

FFiame Resistance

The resin composition for encapsulating a semiconductor
was injection-molded under the conditions of a mold
temperature of 175 degrees centigrade, an injection
pressure of 9.8 MPa, an injection time of 15 seconds and
a curing time of 120 seconds using a low pressure transfer
molding machine (KTS3-30, commercially available from
Kohtaki Precision Machine Co., Ltd.}, whereby a
flame-resistant test piece having a thickness of 3.2 mm
was prepared and heated 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 determine flame resistance.
Fmax, ¥F and rank of flame resistance after determination
were shown in Tables. The resin composition for
encapsulating a semiconductor obtained in the above
exhibited excellent flame resistance, that is, Fmax of 7
seconds, IF of 24 seconds and rank of flame resistance of

v-0.



0.10 0.10 Spiralflowmcm 104 108 110 108 96 Fl ane resistance test
EF(sec) 18 18 21 28 48 Fl ane resistance test Frmax(sec) 3 6 6 6 9
Fl ame resistance test rank 66

[0101]
Continucus Molding Property
The resin composition for encapsulating a semiconductor
obtained in the above was placed in a tablet type having
5 a weight of 7.5 g and a size of 9pl6 mm using a rotary
tableting machine, and tabletted under a tablet pressure
cf 600 Pa to obtain tablets. The tablets were placed in
a tablet supply magazine and set inside the molding machine.
Using a low pressure automatic transfer molding machine
10 (SY-COMP, commercially available from Scinex Corporation),
molding of a semiconductor device of 208-pin QFP (a Cu lead
frame, package outer size: 28 mmx28 mmx3.2 mm (thickness),
pad size: 15.5 mm=x15.5 mm, chip size: 15.0 mmx15.0 mmx0.35
mm (thickness))} obtained by encapsulating a silicon chip
15 or the like with the tablets of the resin composition for
encapsulating a semiconductor was conducted up to 300
shots in a continuous 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. 1In
20 this case, the molding state (presence or absence of
insufficient filling) of the semiconductor device per
every 25 shots was confirmed, and then the number of shots
where the insufficient filling was first confirmed was
indicated in Tables. The resin composition for
25 encapsulating a semiconductor obtained in the above
exhibited excellent continuous molding property, that is,

equal to or more than 300 shots.



V-0 V-0 V-0 V-0 V-0 Continuous nolding property test 300 300 300 300
300 Sol der resistance testl (nunber of defective packagesin n=6) 0/6
0/6 0/6 0/6 0/6 Sol der resistance test26 (nunber of defective

. > 7
packagesin n=6) 0/6
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[0102]

Fixation Resistance

15 of the above-described tablets were set in the
magazine such that 15 tablets were vertically stacked, and
allowed to stand in a thermostat chamber at 25 and 30
degrees centigrade. Then, fixing condition of the tablets
was checked after 8 hours. Among the above 14 tablet
contact surfaces, the contact surface which was not
separated by hand because of fixed surface was scored 1;
the contact surface which was easily separated even though
the fixed surface existed was scored 0.5; and the contact
surface which was not fixed was scored 0. The total score
was described in Table 4 under the item of fixation
resistance. In the general continuous molding process,
the tablets were in a vertically stacked state at a maximum
height of 20 to 40 cm in the magazine inside the auto
transfertuﬁi:ofthenmldingnmchine,andwerejxlastandby
state at a surface temperature of about 20 to 30 degrees
centigrade for about maximum 8 to 12 hours during the
period until molding. For supplying and transferring the
tablets in the molding machine, the uppermost tablet was
pushed out from the upper part of the magazine by raising
the push-up pin from the bottommost part of the magazine,
lifted with a mechanical arm, and transferred to the pot
for transfer molding. In this case, when the tablet
waiting in the magazine was fixed on the upper or lower

side, defective transfer took place and the productivity



0/6 0/6 0/6 0/6 H gh-tenperature storage characteristics (nunber of
defective packagesin n=10) 0/10 0/10 0/10 0/10 0/10 74 [0110] [Table
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[0103]

Boiling Water Absorption Rate

A disk-like test piece having a diameter of 50 mm and
a thickness of 3 mm was formed at a mold temperature of
175 degrees centigrade and an injection pressure of 9.8
MPa for a curing time of 120 seconds using a low pressure
transfer molding machine (KTS-30, commercially available
from Kohtakil Precision Machine Co., Ltd.), and heated at
175 degrees centigrade for 4 hours. The weight 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 of the test pilece was
expressed as a percentage. The unit is %. The resin
composition for encapsulating a semiconductor obtained in
the above exhibited low water absorption, that is, equal
to or less than 0.27% (Reference Example 1).

[0104]

Solder Resistance Test 1

The resin composition for encapsulating a semiconductor
was injected 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 Dai-ichi Seiko Co., Ltd.) to perform encapsulation
molding of a lead frame on which a semiconductor element

(silicon chip) was mounted. Thus, a semiconductor device
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composed of 80p-QFP (guad flat package, a Cu lead frame,
size: 14 mmx20 mmx2.00 mm (thickness), semiconductor
element size: 7 mmx7 mmx0.35 mm (thickness), the
semiconductor element being bonded to an inner lead part
of a lead frame using a gold wire having a diameter of 25
um) was prepared. The prepared six semiconductor devices
heat-treated at 175 degrees centigrade for 4 hours were
treated at 60 degrees centigrade and a relative humidity
of 60% for 120 hours, and then an IR reflow process (at
260 degrees centigrade in accordance with the condition
of JEDEC Level 2) was performed. The presence or absence
0f delamination and cracking inside the semiconductor
devices after the processes 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 delamination and cracking
was caused were determined as defective. When the number
of defective semiconductor devices was n, n/6 was
indicated. The resin composition for encapsulating a
semiconductor obtained in the above exhibited excellent
reliability, that is, 0/6.

[0105]

Solder Resistance Test 2

The test was carried out in the same manner as in 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
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temperature of 85 degrees centigrade and a relative
humidity of 60% for 168 hours. The semiconductor device
prepared using the resin composition for encapsulating a
semiconductor obtained in the above exhibited excellent
reliability, that 4is, 0/6.

[0106]

High-temperature Storage Test

The resin composition for encapsulating a semiconductor
was injected 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.) to perform encapsulation
molding of a lead frame on which a semiconductor element
(silicon chip) was mounted. Thus, a semiconductor device
composed of 16 pin DIP {(dual inline package, 42 alloy lead
frame, size: 7 mmx11.5 mmx1.8 mm (thickness),
semiconductor element: 5 mmx9 mmx0.35 mm (thickness), the
semiconductor element having an oxide layer having a
thickness of 5 pm formed on its surface and further an
aluminum wiring pattern having a line and space of 10 um
formed thereon, and being bonded to an aluminum wiring pad
section and a lead frame pad section on the element using
a gold wire having a diameter of 25 pum) was prepared. The
initial resistances of the 10 semiconductor devices
post—curedknrbeingheat—treatedat.175degreescentigrade

for 4 hours were measured, and a high-temperature storage
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treatment was carried out at 185 degrees centigrade for
1,000 hours. When the resistance of a semiconductor device
after being subjected to a high temperature treatment was
measured and it was 130% of the initial resistance of a
semiconductor device, the semiconductor device was
evaluated as defective. When the number of defective
semiconductor devices was n, n/10 was indicated. The resin
composition for encapsulating a semiconductor obtained in
the above exhibited excellent reliability, that is, 0/10.

(01071

Examples 2 to 11, Comparative Examples 1 to 4

Resin compositions for encapsulating a semiconductor
were prepared in the same manner as in Example 1 in
accordance with the mixing amounts shown in Tables 1 to
3, and evaluated in the same manner as in Example 1. The

evaluation results are shown in Tables 1 to 3.
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[Table 1]
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1.00 Col oring agent 0.30 0.30 0.30
0.10 0.10 0.10 0.10 Spiralflowmcm 103

Example
1

Example

Example
5

Example

Epoxy resin

9.25

Epoxy resin

Epoxy resin

B B =

Epoxy resin

w
o
=

Phencl resin 1

[ #%}
(8]
(e}

Phenol resin 2

Phenol resin 3

Incrganic filler
1

86.50

86.50

86.50

86.50

86.50

86.50

Compound (D1)

Compound (D2)

Compound (D3)

Compound (D4)

Silane
agent 1

coupling

Silane
agent 2

coupling

0.05

0.05

Silane
agent 3

coupling

.05

0.05

o

.05

Coloring agent

0.30

.30

o

<

.30

o

.30

Releasing agent

o

.10

Spiral flow (cm)

110

106

114

124

108

106

Flame resistance
test ZF (sec)

13

12

24

12

15

14

Flame resistance
test Fmax (sec)

Flame resistance
test rank

Centinuous
molding property
test

300

300

300

300

3GC0

300

Solder
resistance test 1
(number of
defective
packages in n=6)

C/6

0/6

0/6

0/6

0/6

0/6

Solder
resistance test 2
(number of
defective
packages in n=6)

0/6

0/6

/6

0/6

0/6

0/6

High-temperature
storage
characteristics
(number of
defective
packages in n=10)

0/10

c/10

0/10

0/10

¢/10

0/10




97 82 102 Fl ameresi stance testEF(sec) 34 12 51 11 Fl aneresi stance
test Fmax(sec) 7 3 10 3 Fl aneresi stance testrank V-0 V-0 V-1 V-0
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[0109]

[Table 2]

Exampile
9

Example
10

Example
11

Epoxy

resin

Epoxy

resin

Epoxy

resin

Epoxy

resin

W] ocy|n

Epoxy resin

Phenol resin 1

Phenol resin 2

Phenol resin 3

Inorganic filler 1

86.50

85.50

85.50

Compound (D1)

Triphenylphosphine

o

.20

Compound ({E)

Silane coupling
1

agent

Silane coupling
2

agent

Silane coupling
3

agent

0.05

0.05

Metal hydroxide 1

1.00

Metal hydroxide 2

.00

Coloring agent

O

.30

0.30

Releasing agent

0.10

Spiral flow (cm)

108

110

96

Flame resistance
LFE {sec)

test

18

21

48

Flame resistance
Fmax (sec)

test

Flame resistance test

rank

Continuous molding
property test

300

300

360

300

300

Sclder resistance
test 1

(number of defective
packages in n=6)

0/6

0/6

0/6

0/6

0/6

Solder resistance
test 2

(number of defective
packages in n=6)

076

0/6

0/6

0/6

6/86

High~temperature
storage
characteristics
(number of defective
packages in n=10)

0/10

0/10

9/10

0/10

0/10




Conti nuous nol ding property test 250 175 300 150 Sol der

resi st ance

test 1 (nunberof defective packagesin n=6) 0/6 0/6 3/6 0/6 Sol der
resi stance test 2 (nunber of defective packagesin n=6) 2/6 0/6 6/6

1/ 6

[0110]

[Table 3]

Comparative
Example 1

Comparative
Example 2

Comparative
Example 3

Comparative
Example 4

Epoxy resin 1

9.32

7.35

9.37

Epcoxy resin 8

8.14

Phenol resin 4

3.18

Phenol resin 5

Phenol resin 6

Phenol resin 7

Inorganic filler
1

86.50

85.50

86.50

85.50

Compound (D1)

0.40

0.40

Silane
agent 1

coupling

0.10

0.10

Silane
agent 2

coupling

0.05

Silane
agent 3

coupling

0.05

0.05

Metal hydroxide 1

Phosphazene
compound

Coloring agent

0.30

Releasing agent

0.10

0.10C

0.10

Spiral flow {cm)

97

82

102

Flame resistance
test ¥F (sec)

12

51

11

Flame resistance
test Fmax (sec)

10

Flame resistance
test rank

Continuous
molding property
test

250

175

300

150

Solder
resistance test 1
{number of
defective
packages in n=6)

0/6

0/6

3/6

0/6

Solder
resistance test 2
(number of
defective
packages in n=6)

2/6

0/¢6

6/6

1/6

High~temperature
storage
characteristics
{numbexr of
defective
packages in n=10)

1/10

g/10

0/10

0/10

[0111]

In each of Examples 1 to 11,

composition containing a phenol resin

(A)

there were used a resin

having




Hi gh-tenperature storage characteristics (nunber of defective

packages in n=10) 1/10 8/ 10 0/10 0/10 [0111] I n each of
Examples 1 to 11, there were used a reskg 5 conposition containing a
phenol resin (A having 75 structural units represented by the
formulae (1) and (ZL, an epoxy resin (B), and an inorganic filler

(O, and Soneu 6Bkt heduby teharmp ng stehet edt by oh et Mo shndetar@l ) wWwhts (2) ,
of the phenol resin (A), one obtained by changing the kind 5 of the
epoxy redith §Bp X Yore ®bnailied, bgnchangi hgotrlye ki adfdfl tde ¢onpoundd one
(D), one containing the conmpound (E), or one obtained by changing the
flame retdridannedihy relsahos rshowed thatioimfatheokthxasples Il 40itk of
an excel |l ent bal ance anong flowability (spiral flow, flane

resi st anééie 1@heormt noess. mol 8i ng qguepeittys i sekdesy r esiasi@nsg, tandl kind
hi gh-tenperature storage characteristics was exhi bited. On the

ot her5 hand, tilne CoppanatiaeiExdml € dnesbbg =i neghbRalenedyoh grah&ykind
resin having a phenyl ene skeleton as the curing agent, the hydroxyl
group depsi tyheasomipghunds (S0 f hah enpicst tis & niasg easkel v absethed, (BNd o
as a result, solder resistance was not sufficient. Further, the

m sci bi | ctye wiiithatihe dbenahanglikyd tiyper epaxy ric@Sd AdBaH NJT&e results
bi phenyl ene skel eton was not sufficient, and as a result, continuous

mol di ng phaopes tly twest poti rsud Lilciceht £ x26hgd e ConpaF @t iivie Exanple- @1 1ent
usi ng a phenol aral kyl resin having a bi phenyl ene skel eton as the

curing abentantheamesiq frbopabart i vas (easidyl accunyl atradpe tbe i dhce,
surface during continuous nolding due to | ow curability and high

|'i poldhi | Eeirttyi nand sasma lictisutt p renhé FRYOUSs ARl MY 2% 14 PREIY, Was §
not sufficient. Further, high-tenperature storage characteristics

wer e not hduff+ ceente ehthere dieora d OW-phasscteansid{en LAMPeLLYAE teg.
I n Conparative Exanpl e
On the other hand, in Comparative Example 1 using a
naphthalenediol aralkyl resin having a phenylene skeleton
as the curing agent, the hydroxyl group density was high,
15 so that moisture was easily absorbed, and as a result,
solder resistance was not sufficient. Further, the
miscibility with the phenol aralkyl type epoxy resin
having a biphenylene skeleton was not sufficient, and as
a result, continuous molding property was not sufficient.
20 In Comparative Example 2 using a phenol aralkyl resin
having a biphenylene skeleton as the curing agent, the
resin component was easily accumulated on the mold surface
during continuous molding due to low curability and high
lipophilicity, and as a result, continuous molding
25 property was not sufficient. Further, high-temperature

storage characteristics were not sufficient either due to

low glass transition temperature. In Comparative Example



76 3 using a triphenyl nethane type phenol resin as the curing agent,
the crosslink density was high, so that cracks occur to the resin
surface during conbustion, and flanme regs stance was not sufficient;
t he hydroxyl group density 5 and the crosslink density were high, so
that water absorption was high; and the thernmal stress at the sol der
refl ow t énpéfdardirte tiplsk heg 186 thisat© soy Her Phegist aneeimas snothe curing
sufficient. [0112] 10As shown in the above results, only when a resin
conposi t REF TSI g € her pRerdol nkede ns@A)Y ofa 3 Hel pheseatt hatenticerk svasccur
used, the results showed that the resin conposition obtained an
excel | ent obdl apic & esnomg stiivabel idwyr L sgi radmbluew) i ohl, aren dedilstraaice,
continuous 15 nol ding property, solder resistance and
hi gh- t enpésat et @nstomaye Tharastdri st eog.; Mire redackabl ey ebfipctiesnsity
were resulted than expected. [0113] Incidentally, the eval uation
resuld s ahdf ikaei er @9s prioper ¢y naidt watwerr @bbdrgpt i oaccarkaed waute r
using the resin conpositions of Exanples 1 to 3 are illustrated as
Ref er encebBanpt éorbeiawv. highAs drsd appar ehte fmain Refrerencat Exarplsesl de r
and 2, the results showed that fixation resistance was al so excel | ent
25 i n addetfilow tioeap eexacel ken atsahdnde, anongh dhes aflaremant s 0Bedince was
properties when the resin conpositions of Exanples 1 to 3 were used.
77 Onnblte ot A& chiaedt .t he resin conposition used in Exanple 3
shown in Reference Exanple 3 is expected to exhibit excellent sol der
resi stance UAdérZ hrore harsh conditions because of excellent |ow water
absorption. 5Accordingly, it is guessed that the resin conposition
is sditabl yrapplicabl 1t ot heserb copducd ou lencapsullat iwgematertalsin
requiring much higher reliability. 78 [0114] [Table 4]

composition using the phenol resin (A) of the present

invention was used, the results showed that the resin
composition obtained an excellent balance among
flowability (spiral flow), flame resistance, continuous
15 molding property, solder resistance and high-temperature
storage characteristics. More remarkable effects were
resulted than expected.
[0113]
Incidentally, the evaluation results of fixation
20 property and water absorption carried out using the resin
compositions of Examples 1 to 3 are illustrated as
Reference Examples below.
As 1s apparent from Reference Examples 1 and 2, the
results showed that fixation resistance was also excellent
25 in addition to an excellent balance among the
aforementioned properties when the resin compositions of

Examples 1 to 3 were used.



Ref erence Exanple 1 Reference Exanple 2 Reference Exanple 3 Epoxy
resin 1 9.25 9.34 8.65 Phenolresinl 3.25 Phenolresin 2 3.16

Phenol resin 3 7

On the other hand, the resin composition used in Example
3 shown in Reference Example 3 is expected to exhibit
excellent solder resistance under more harsh conditions
because of excellent low water absorption.
5 Accordingly, it is guessed that the resin composition
is suitably applicable to a semiconductor encapsulating

material requiring much higher reliability.



3.85 Inorganicfillerl 86.50 86.50 86.50 Conpound(D1) 0.40 0.40 0.40
Sil ane coupling agentl 0.10 0.10 0.10 Silane coupling agent 2 0.05
0.05 0.05 Silane coupling agent3 0.05 0795

10

15

[0114]
[Table 4]
Reference | Reference | Reference
Example 1 | Example 2 | Exanple 3
Epoxy resin 1 9.25 9.34 8.65
Phenol resin 1 3.25
Phenol resin 2 3.16
Phenol resin 3 3.85
Inorganic filler 1 86.50 86.50 B6.50
Compound (D1) 0.40 0.40 0.40
Silane coupling agent 1 0.10 0.10 0.10
Silane coupling agent 2 0.05 0.05 0.05
Silane coupling agent 3 0.05 0.05 0.05
Coloring agent 0.30 0.30 0.30
Releasing agent 0.10 0.10 0.20
Unit

Evaluation of

fixation resistance {point) 0 2.5 0
{25°C)

Evaluation of

fixation resistance (point) 3.5 6.5 0.5
{(30°C)
Boiling water (%) 0.27 0.27 C.24

absorption rate

[(0115]

According to the present invention,

obtain a resin composition for encapsulating a

it is possible to

semiconductor which is excellent in flowability (spiral

flow),

flame resistance and solder resistance,

excellent in continuous molding property and

high-temperature storage characteristics.

Thus,

and also

the

resin composition is suitable for encapsulating a

semiconductor device.

[0116]

Incidentally,

aforementioned embodiments and a plurality of

it is to be understcod that the

modifications may be made without departing from the scope

of the invention.

Furthermore,

the structures of

respective portions and the like are described in the




0.05 Coloring agent 0.30 0.30 0.30 Rel easing agent 0.10 0.10 0.10

Uni t

Eval uation of fixation resistance (25C (point) 0 2.5 0
79

aforementioned embodiments and modifications in detail,
but they may be modified in many ways within the range of
the present invention.

This application is based on Japanese patent
application No. 2009-148048 filed on June 22, 2009, the

content of which is incorporated hereinto by reference.
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CLAIMS

1. A resin composition for encapsulating a semiconductor
comprising a phenol resin (A) containing a component
represented by the following general formula (1):;

an epoxy resin (B); and

an inorganic filler (C},

[Chemical Formula 1]

(R1)a R (R1) {R1)a “
o N f— CHa2 i H (1)
LA . =

(OH}z (OH)3Z

wherein, in the general formula (1), two hydroxyl groups
bonded to the same naphthalene group are bonded to different
carbon atoms on a naphthalene ring; Rl is each independently
a hydrocarbon group having 1 to 60 carbon atoms; as are each
independently an integer of 0 to 5; b is each independently an

integer of 0 to 4; and n is an integer of 1 to 10.

2. The resin composition for encapsulating a semiconductor
according to claim 1, wherein said phenol resin (A) contains
a component in which R1 in said general formula (1) is a group
represented by the following general formula (2},

[Chemical Formula 2]
( R2 (R4)e
c:: / (2)
5 _,

" :

wherein, in the general formula (2), R2 and R3 are each

independently a hydrogen atom or a hydrocarbon group having 1
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to 3 carkeon atoms; R4 is each independently a hydrocarboen group
having 1 to 3 carbon atoms; ¢ is each independently an integer

of 0 to 4; and m is an integer of 1 to 5.

3. The resin composition for encapsulating & semiconductor

according to claim 1, wherein said phencl resin (A) contains
a compenent with n=0 to 2 in an amount of equal to or more than
50% by mass and equal to or less than 100% by mass, based on

the total phencl resin (A}.

4. The resin composition for encapsulating a semiconductor
according to claim 1, wherein said phencl resin (A} contains
a component with n=0 in an amount of equal to or more than 25%
by mass and equal to or less than 70% by mass, based on the total

phenol resin (A).

5. The resin composition for encapsulating a semiconductor

according to claim 2, wherein said phenol resin {(A) contains
a component in which R1 is a group represented by said general
formula (2) in an amount of egual to or more than 20% by area
and equal to or less than 80% by area, based on the total phenol
resin (A), in the area conversion method of the gel permeation

chromatography (GPC) measurement method.

6. A semiconductor device cbtained by encapsulating a
semiconductor element using the resin composition for

encapsulating a semiconductor according to claim 1.






