1 SPECI FI CATI ON RESI N COMPCSI 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 encapsul ating a

sem conductor and a sem conductor devicel 10 BACKGROUND ART [0002] As
a nmethod to encapsul ate a sem conductor device with a resin, there
are transfer nol ding, conpression nolding, injection nolding 15 and

the like.

In the transfer nolding which is nore generally used, a

resin conposition for encapsul ati ngprcsencsonductor in a tablet shape
is usually supplied to a nolding machine. The tablet-like resin
conposition for encapsul ating a sem conductor can be obtai ned by

nel t - kneadi ng an epoxy resin, a curing agent, a curing 20

accel erator, RESTOrMRESITIORrFOR EREAPEKBATENGQSBEMIOPNPDUGAOR AND
extruder or the like, followed by cooling and pul verizing, and
press-nol ding into a col umar GEMIEONMGNCEY QEALIEE (tableting). In a
mass groduction process of the resin conposition for encapsulating a

sen ¢

nductor, it is continuously tableted using 25 a unitary or

rotary tabletzpress At this time, however, there are failures such

as break|QEQ§

gkpof tabl ets, or poor appearance caused by

at t achnent ? esin conposition to the inner 2 surface of a nold

in a tablet

S5 which | eads to roughness over the tablet surface,

i n some cas : lEgegeﬁ%erﬁ&eﬁ{fgljfeq:etl%tﬁl %t Siéga sergsgﬂnocgéﬁ'@]&selt:bon for

failure or a

ai l'ure during a packa nol di ng pr

poor app%ﬁb‘ﬁu‘%ﬁﬁﬁ?& é”@é’rﬁé‘&n&ﬁ%%fcgh&g 550 EBHEEE%@UHE%

conveyance | sSone cases a

od to reduce rea I ng, cCrac |ng

and pgor appearance described above, there have been proposed, for

exanpl e,

a nethod of optim zing surface roughness of a nold in a

t abl et pmegsKcrOUTED oglr of control ling an environnental tenperature or

a nold tenperature, and the like (for 10 exanple, see Patent

Docunents 1,[(0aid 3). [0003] On the other hand, in the recent market
trend of mniaturization, |ightweightness, and high performance of

el ectroni c @eviecesthofiet degrapnfldte egparionndficsen demdaetwith a resin,

el enents has been 15 increasing year by year, and_a nethod for
mount i ng e anguerdrsfer molding, compression molding, injection molding

15

20

25

and the like. In the transfer moclding which is more generally used,
a resin composition for encapsulating a semiconductor in a tablet
shape is usually supplied to a molding machine. The tablet-like
resin composition for encapsulating a semiconductor can be
obtained by melt-kneading an epoxy resin, a curing agent, a curing
accelerator, an inorganic filler or the like using a roll, an
extruder or the like, followed by cooling and pulverizing, and
press-molding into a columnar or rectangular tablet (tableting).
In a mass production process of the resin composition for
encapsulating a semiconductor, it is continuously tableted using
a unitary or rotary tablet press. At this time, however, there
are failures such as breaking or cracking of tablets, or poor

appearance caused by attachment of a resin composition to the inner



el ements has been changing froman insertion nmounting to a surface
nounting. As the shape of the sem conductor package, there has

appeared a package capable of coping with snmall size, |ight weight

and high pin counts typically exenplified by a surface nounting 20

type quad flat package (QFP), and there have further appeared a

package with hi gher pin counts and narrower pitches of the wring,

and a paglagechavieng mos&r ygtdreokiai PyHiam nabkirgtehipsghnakdeover
one package. In such a sem conductor device, since the thickness of a
resin-engapsuhplied parFhean,i sntéime adbdde Wheeb2bkaensirt yrasked tablets
i ncreased, nolding failures during a package nol di ng process, such as

i nconpl etaubkkel bi agnvbegnmakl daidfarecbdsz WildisweEpiandet Herinkea pankage
to easily occur, as conpared to a conventional 3 sem conductor .
devi ce. Théninboprbkespur posepobri apponzapnt chubbewbthakabferi serasking
t here have generally been used | ow nol ecul ar wei ght or crystalline
epoxys r esifntahdetardnylngerenteyanee sgpdpmnesifcand B culigtrgosyént reduce
5[ 0004] However, when | ow nol ecul ar weight or crystalline e %xy

resin anBreakiing agEACkARE FTHBIAEIaPPRETANGRaBFFFTYORR 3P HYI ﬁ €re have

conposition is inproved and the nolding yield rate is inpraoved.
However , PEFBakPh ,Oﬁ?gcki?@F(ﬂeﬁﬁﬁgpfhppéar%%ggo a§ﬂ%y°8§gﬂF§lf§ surface

B
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Pat e 81548 o parentaSlinDICUNENt> 2andapanese Lai d- Qpen
Pate%% g%ﬁﬁ%?étfoneﬁb.656ﬂ3996-5§%34 Pat ent Dogunent 3: Japanese

Lai d- Open Pgb@@@ Publ i cati on No. 1998-175210 DI SCLOSURE OF THE
| NVENTI ON 2 [0008] An object of the present inventionis to

provi de a regithésorpes hana, fiof taBcepseh Bate Seahd@fhuchbaturization,
excellent in the 4 flowability and noldability during the nolding of

a package.iwhtthedtghdareg ngriché itgab petr fpiralach ceaod, edrdtaosem dendoetoer the
devi ce using the resin conposition. [0007] 5The resin conposition for
encapsul deigngea odni dorthatariai the psesependnoenri oplewentpeshas been
conposition for encapsul ating a sem conduct or contai ni ng an epoxy

resi #5 ( Ainca e@wiingy vagen© Y Bpadnd aad enBe§ancc Lo Pepnteng #peLeprductor
the epoxy resin (A) contains an, epoxy resin having a,structure

r epr esen®eGTEY HshBaFOPE B FRAND e et ot élé}:é-?)",mo DHHBI Cif? ih§urtace
oot (Opsaials) S.PUB0of 8511 £ Sl TSRS by LUBLgl OB hes
[0 the ¢ Skal ARt poLite lefpleT el iER ERS0l e Y UG vesont
per cent al%d @ﬂq_;h pin counts typically exemplified by a surface mounting
20 type quad flat package (QFP), and there have further appeared a
package with higher pin counts and narrower pitches of the wiring,

and a package having a structure obtained by laminating chips

inside one package. 1In such a semiconductor device, since the
thickness of a resin-encapsulated portion is thin and the wire

25 density is increased, molding failures during a package molding

process, such as incomplete £illing, formation of voids, wire sweep

and the like, tend to easily occur, as compared to a conventional



the content of a C4 conponent is not nore than 20%in terns of area
percentage, as neasured by the area nethod of gel perneation
chromat ogr aphy, [Chem cal Fornmula 1] 00 O--(R2)--0(1) 20(1303(R3) b
wherein, in the above general fornmula (1), each of Rl and R3 is a

hydr ocar bon group having 1 to 5 carbon atons, which nmay be the sane

or different fromeach other; R2 represents any of a direct 5 bond,

a hydr ocgeherogHOWR cRaNERgcd . t honGarbpr 1 PlBposS oANGhprbvendditt e&Chl ow
of a and b is an integer of 0 to 4, which may be the same or

di f f er enthiramceagchtatther tj&henhgat benadaa 12] KEHGH (8e@H2GW (12)1dcular
wherein, in the above general fornula (2), c is an integer of 0 to

20. [0008kibhtt be pherdlallasien By cordial reedd icutivey resemc for an epoxy
conposition for 10 encapsul ating a sem conductor of the present

i nvent i ongsttheaodneemuréfnda age@tconponent contai ned in the total

anount of the Bhenol resin (Bl) represented by the above general

formfta (2) [P80Adt nore than 16%in terns of area percentage, as

measured by the area method of ?el Eerneation chronatograghg. _
15[ 0009]  HPWeVRE. r ¥BPR ¢BHpBeLErBhaF oY eealEpetl GFYREA 4L 1Ne epoxy resin
sem conductor of . the present inventjon, the epoxy, resin (Al) is a .
crystal| FRE epoxs™e e S tedoByoLtbect Fg o BHA L chhpsmde Fesin
selected fromthe group.consistin f_.al kyl. group-.s t] ed. o

insubst | EPBH0 B pRanare b ashast AT Bl BT A ofs Clroroved.
bi spheno nd | enql di gl yei dyl et Lf] Lon,. J: 0

In the rgg%gggﬁpo%(%%%ﬁ?br%é:r?g:g%gﬁga%(%n grge%?%%%}%%ﬁ%%r %gfs[lg%é bocurs

presgnt AYeRL @+ AN ERPYII LS Préblishasna RIS RoidEbi 2% @5 not
on condition that its nelting point is TAL and the softening 6 "point

of the phgnol, (Rsk-BvEBLini 8ndi AfotbRcabsohutieryBideihdABrdBaksof add both
tenperature difference between TA1L and TBl1 is not nore than 35

degrees pankbgeateldsP0litySrd theleesidldapostiisme hot achieved in some
encapsul ating a sem conductor of the present invention, the resin
conposi t cenekor encapsul ating a semi conductor in a tablet formis

used for encapsul ati ng a sem conductor elenent by the transfer

nol di ng met hod. [0012] 10The sem conduct or device of the present
invention is obtained by encapsul ating a sem conductor elenent with a
cur etp pr BELETEST DERE rementi oned resin conposition for

encapsulatin% a_sem conductor. 15 EFFECT OF THE | NVENTI ON [ 0013]
AccordinBAF§ FhQOEPgE%H% invention, a resin conposition for
encapsulatiTg ﬁ ieniconductor excellent in the flowability and

nol dability arp g the nol ding of a package w thout damagi ng the

Patent Document 1: Japanese Patent No. 2551548

Patent Document 2: Japanese Laid-Open Patent Publication No.
20 1996-52734

Patent Document 3: Japanese Laid-Open Patent Publication No.

1998-175210

DISCLOSURE OF THE INVENTION
25 [0006]
An object of the present invention is to provide a resin

composition for encapsulating a semiconductor excellent in the



20 tablet noldability can be obtai ned. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0014] The above and ot her objects, advantages and features

of the 25 present invention will be nore apparent fromthe foll ow ng
description of certain preferred enbodi nents taken in conjunction

wi th the acconmpanying draw ngs, in which: 7 [0015] Fig. 1is a

view illustrating a cross-section structure of an exanple of a

sem condugtQra eV Ge aHsl il @atk £81 fy CRIPAR] £haMd 1806308 WRIHAME Rithout
sem conductor according to the present invention. 5 Fig. 2 is a view
i1 ustratdaith @ rid 9% $REIAN ySIIUC it Otnan aexafRkenalick o@ngestide using
encapsul at ed sem conductor device using a resin conposition for

encapsul atheng e iserddgiekictisn according to the present invention

Fig. 3is a GPC chart of curing agents 1 and 2. 10Fig. 4 is a GPC

chart of a dwOO¥g agent 3. Fig. 5is a GPC chart of a curing agent 4.
Fig. 6 is a GPC chart of a curing agent 5. DESCRI PTI ON OF EMBODI MENTS
15[ 0046] THee rppesentmpaséhtiponfoel enespswlat ivgian sconpsgiduaipf of the
encapsul ating a sem conductor containing an epoxy resin (A), a curing
agent (Bpraserdn 1nveEbAPR fiis |&r reeln ViR P Ehen efoxy srapeyiyting a
contains an epoxy resin (Al) having a structure 20 represented by the
general FERARIUOLOT CHHE TR hFRAGRIPIPRY Bfeebnt P hs 8 FHERBE fBSPR (B
(B1) represented by the general formula (2 t he conte of a,
Co1) conpiEnBrcORPYPHBACT R CREEt bobr WHBtATS dine P Hodae ream pelfains
represented by the general forrnula (2).1s 25 not le % i

Lerne:of ol GRS Tt Age kg v THoi g esirtatie BPbEeREReEinpe tdi L loning
not re 0%, of area percentage, as neasured by the
areaqﬁet OE&%?%gé%h%%%ﬁéa |%h 8 chromat ography. Because of this, a

resin CO”DO%%%!%%rH%b-%@%%RS%b%tbB&t%i%%”bCQB@H%HOEe%&EGHBQWtrb@résented
bal ance between the tablet noldability and package noldability Is

obt ai nedp | R tedwidd eydiesent réAMensi ooy W I | be described in
detail. 5[0017] First, the resin conmposition for encapsulating a

sem conduct aharcbhtbetdescd id€d compdrkety esintadaeiosht tlod fatal amount of
encapsul ati ng a sem conductor of the present invention, an epoxy

resin (Athehpliergpla sigiuct (BE) regpeseatedd byyt heef gehewahgfgemedal (2) is
formula (1) is 10 used as the epoxy resin (A). In the general fornula
(1), l2achmodf lngsstiharet®® RIn areiR3 8 arégdpecaehbbaggr oapdhavi ng 1

to 5 carbon atons, which may be the sane or different from each

other, R2 i $hgngosteatdpieatChbiPmRENSRF dea9dnMgr6uplABVE Py I tigmns of
carbon atonms, -S- and -0-, and each of a and b is an i %ger of 0 to_,

4, whi ch 3PS HRPEE HE Iane SoPCFFHEEAehY ’F?%rﬁ%%%ﬁ“%‘ﬂféﬁi].o TIHE lepEXIpeation

restn (Auhromatography,

[Chemical Formula 1]
0 0
{1)
{R2)

{R1), (R3)p

20

wherein, in the above general formula (1), each of Rl and R3 is
a hydrocarbon group having 1 to 5 carbon atoms, which may be the

same or different from each other; R2 represents any of a direct



having a structure represented by the general forrmula (1) has a | ow
melt viscosity because of its small nol ecul ar weight, so that the
epoxy resin (Al) may exhibit excellent flowability. Exanples of such
an epoxy resin include diglycidyl ether Tonmpounds such as 20 al kyl
group-substituted or unsubstituted bi phenol, bisphenol A, bisphenol
F, bisphenol S, bisphenol A/'D, oxybisphenol and the |ike. Exanples of

the comebeidd! apk paE6Ea FP6h USEOSINGSIREY 1( eonBeELtiebh o tasnd | algl-eahtorD-;
Ni ppon Steel Chemcal Co., Ltd., a tetranethyl bisphenol F type epoxy

resin),
Chem cal

XSuVeéaﬁTEf(aoﬁnﬁnﬁuaibw.amaebahlefZB fo o MippdnnStyebele the same
Co., Ltd., an al kyl group-substituted bi sphenol S type epoxy

resi n represéfifedent tthenf dddwaithdmrnula (3)), YX4000H
(comrercially avail able from Japan Epoxy Resin Co., 9 Ltd., a
t et ranet hyl [Bhphérell deoxpleediln), YL6810 (commercially avail able

from Japan Epoxy Resi
the Iike.

., a bisphenol A type epoxy resin) and
enbgal Formulogy 3] p3---(R2)161(1) (RI)3(R3)Db

[0048] 5[

In the above jgeneral |fodmula (1), leach of RL and R3 is a hydrocarbon

group havin @H,
fromeach othér; R2 represent

i ch maybe the sgne or different
of a direct bond, 10 a hydrocarbon

group having 1 to 5 rbon at-ogs, -S- and -0-; and each of a and b is

an imieger of 0 to 4, which may be the sane or different from each

ot her. [0019] [Chem cal Fornula 4] (3) 15 [ 0020] The epoxy

resin (Al) Wheregna str ibeupborvepoesemedd foymule dé@ner al iporpuiateapr of
i's not p%rtlcularly limted as long as it has

10

15

20

25

to 20

[0008]

In the phenol resin (Bl) contained in the resin composition for
encapsulating a semiconductor of the present invention, the
content of a c¢=0 component contained in the total amount of the
phenol resin (Bl) represented by the above general formula (2) is
not more than 16% in terms of area percentage, as measured by the
area method of gel permeation chromatography.

[0009]

In the resin composition for encapsulating a semiconductor of
the present invention, the epoxy resin (Al) is a crystalline epoxy
resin obtained by subjecting a phenol compound selected from the
group consisting of alkyl group-substituted or unsubstituted
biphenol, bisphenol A, bisphenol ¥, bisphenol S, bisphenol A/D and
oxybisphenol to diglycidyl etherification.

[0010]

In the resin composition for encapsulating a semiconductor of
the present invention, the epoxy resin (Al} has a melting point,

and on condition that its melting point is Ta: and the softening



t he aforementioned structure, but it has a nelting point, and its 20
melting point is preferably not |ess than 40 degrees centigrade and

nore preferably not | ess than 45 degrees centigrade. By setting 10

the lower limt of the nmelting point wtdin the above range, bl ocking

is hardly caused during conveyance or storage of the epoxy resin raw
material, and there is little risk of damaging the workability. On

the othepchardort BReUPRERONT PR QT (e inPhit] NG RAUJYI AR Wl ue | Taz—Te: |
particularly limted, but it is preferably not nore than 140 degrees
centigrade andempeeaptiebedabtyrafte MEBydHANT,]25ndey) eps NhicieAdBan 35
By setting the upper limt of the nelting point wthin the above

range, theneces ldenfdigyrddk of causing failures such as bad

curability due to inconplete nelting of a resin during 10 nelt

kneadi ng and0pné]li ke. [0021] In the resin conposition for

encapsul ati ng a .sem conductor of the present invention, other epoxy
resind may Ba bbedresgst bemppaithenr dngesncapabilehiag ef sewiconduseor of
of the epoxy resin (A) having 15 a structure represented by the _
general f8enBEgsenf isvestiganman§he. rERARPLERPresithenefoXycRE8PALRALERT a
may be used  together in¢lude novol ac type epoxy resins such as a .
phenol n8FBLEEOHAAGE Odpoky resiFAPLELCr ERBR AV olagdt viRF efBEPPSEAY NG 2
and the like; polyfunctioonal epoxy .resins such as.a, triphenol nmethane
Lype epoRSTEESRICET Lo I o T ect 14T PHeh o AEL HAR T Y e epoxy
resin and t 'ﬁe; aral kyl type epoxy resins such as a phenol

aral kyl type epoxy resin having a phenyl ene skel eton, a napht hol

aral ky! typ?h%p%éiﬁif:%ﬁidﬁct%rpﬁ%%lceafagl pﬂle %¥8Seﬁﬂ°%¥véﬁ§&ﬁnh§¥i 89t &ined
e yl ty aving a

bi phenyl ene s eton, a naphthol ara € epoxy resin in

phenyl engskglkeban14% iakd at Benli ktquearht BalkrieyRe aROXY EG$ERASpSHAlct of
as a dlhygroxy napht hal ene type epoxy resin, an epoxy resin ob?alned

by glyci dyk etdmyvdicatisne®f désens ebmpaphthelh orrgh hysli@xysulating a
napht hal ene and 11 the |ike; triazine nucl eus-containing epoxy

resins ssgehiasnticglopci dyl isocyanurate, nonoal lyl diglycidyl

i socyanurate and the |ike; bridged cyclic hydrocarbon

conmpound- nodi fi ed phenol type epoxy resins such as a

di cycl opent adi ene-nodi fi ed phenol type 5 epoxy resin and the |ike;

met hbxynBFRERE] e THEp L NEFSKBLMesi ns; di hydr oant hr aqui none type epoxy
resins; and the like. In consideration of noisture resistance
reliabilityfgplﬁﬂe resin conmposition for encapsul ating a

sem conductor, it is preferable that Naions. or C- ions, which are

i oni ¢ i npur FEFESI1Re Tt MRESI8 hs LBHEPE 1R pSsihi e MR PR bt fer for

hand, f he vi ' f ility, th .equi.val IS, ..

pref er abFy BTG5S Chah SBEL ARG ROC B SRR 100 100D gty Lty =nd
0022] T _X1. 1.Q:of [ [ 5
Fopr esent G By (& GEeral® FOrmil e LLP, Con“cBRAT Lon LRGP bt Har-daBey©"®
resi s aE%bH%?dﬂ6¥E%H¥¥iﬂf5&Hﬁ”ﬁ% Yol gl ess than 25 % by nass,

nore preferably not |ess than 45 % by mass and particularly
preferably not | ess than 60 % by nass, based on the total amount of
t he epoxy resin (A). By setting the mxing ratio wthin the 20 above
range, apreEfFecEsoRIFMIOVIOT THE flovnwasd ity may be obtai ned. [0023]
The lower |imt of the mxing ratio of the total anount of the

[0014]

The above and other objects, advantages and features of the
25 present invention will be more apparent from the following
description of certain preferred embodiments taken in conjunction

with the accompanying drawings, in which:



epoxy resin (A) is not particularly limted, but it is preferably 25

not less than 2 % by mass and nore preferably not |ess than 4 % by

mass, based on the total amount of the resin conposition for

encapsul ating a sem conductor. By setting the lower limt of the 12
mxing ratio within the above range, there is little risk of causing

a reduction in the flowability or the like. On the other hand, the

upper limt (ghyitshe mxing ratio of the total ampunt of the epoxy

resin (A is not particularly Iimted, but it is preferably not 5

nmore than 15i%. by mess andwnpieupcehenabl ¥ pebsALEEcthan $8r¥rbiire of an
mass, based on the total anount of the resin conposition for

encapsul akiangla $EMCaEhiciaidudiosaldvige theinpperrésimt cofpvhetion for
mxing ratio within the above range, there is little risk of causing

a reduct ieorapsudatderg meseésfanoduotorhectokeéind @24 presEhe regéntion.
conposition for encapsul ating a sem conductor of the present

invention cbiai Bsia phemelw LédhatEBLingepr eseatedebyivhestobfréuiragot an
general formula (%% as the curing agent (B), wherein the content of

the c=1 esaperRentcicontdiaedids erHERrytat igpndpetes @RBARGE using a
resin (Bl) represented by the general fornmula (2) .is not |ess than,

40% i n t EFFENOFCHPES 15dPe dC4gENCERG ULRE 106 BeAEMAFORAUCLOLHAREREAL Y tO
i s not n%ég than 20%. n terns of area percentage, as neasured by the
area net B SFE e hEdti Wi chr onat ogr aphy. Furthernore, the

content of e c=0.co t .cont aj ned | he o unt of the
phenol resi tﬁ_q(-:fBl)3 Péspggebﬁec&jabf} t(#(; %“lefnlgqrédlaqgﬁ%%l %a‘%aﬁn?s

prefggably Rl My ad MAGpOYWldLd Qi1 Al Al 0@ pelgensage. tere the

total  anount "of t'hée phenol resin (Bl) represent y the general

formula (2) pigf ers 140 o hpd Al r@En Qfr 00§ Sge®r £, phenol resins
represented by the general formula 25 (2) contained in the resin
conposi tionghigr, engapsuldtd nthars el consluet o , agegar bl ess of the
contents of the c=1 conponent, c44 conponent and c=0 conponent. In

t he phenol resin (Bl) 13 represented by the general formula (2), the
c=0 conponent of the general fornmula (2) exhibits a | ow viscosity,

but the DRACRTRIFIMY droEMBQPILEIST$ N one nol ecule is two. So, when it
is nelt-kneaded especially with a bifunctional epoxy resin such as
the &poxy rdfi0ded (Al), the cohesive force anong nolecules is not
sufficient. Thus, the strength of the _tablet m ght possibly be .

| oner ed and TRecrB588ERkediEeNick M e TR 2k&Ed| §O olft af REUN afFWPUrG IR for
as well. The c=1 caonponent exhibits a | ow viscqgsity next to the, c=

conponent&A® I HE Hdithe? BFTRGARGRGFOGr 60 3R 18%e ol RUFL ?%s%%rg%?' a
so that 10 t.he neltiﬁn din dis eag% a biffnﬁiionié)epoFé re%ighgu%hox
as the epdyIRAIETA YBI A 13 HICoHpdsTt Fon 8t at s’ exhlBFES poxy
excel | ent__cqhesi f .anpd t - di i.on r | ke

ot uct ur §5an oAt or SECAHRE, Bor (oI RErT R ans eidade SFEFRSUTe
nunb of Vi i hi d e nelt-kneading
propgétyrf ﬁm%?ﬁﬁ%§;1|I%%% eégﬁilp%%$9“%§r§?20|ar|y by setting the
repeating uRife tc%ﬂ%gﬁ%,gefdﬂ tlrer dohe AieRCh Bhiviow tRsa nbi(ancikprakented
epoxy resin such as the ‘epoxy resin (Al) tends to be poor due to its
steric hiRdranRceyerddrdhefsamiDa copppsition for encapsul ating a

sem conductor of the present invention, the lower limt of the 20
content of tihe eshteanpofieatccbrtcipredtnn coheatiocal ianbbhattwfal kemount of
phenol resin (Bl) represented by the general formula (2) is

pr ef er ablohengthdresls tdwmim 4084 ) noepresefitedbby hbe pessrehado30%land2) is
particularly preferably not |less than 55%in terns of area

per c@ht age@t Byessetthany 40 joveernpnef aFefhpeEsAREATSef 2He c=1 25

conponent within the above r nge, there is little risk of Sgysjng:a
det eri or at i dRoFoPheNapfef %‘ | SPTRARE G § ROY FOREOFRRRY28F theernms of

area percentage, as measured by the area method of gel permeation



wherein, in the above general fornula (2), c is an integer of 0 to

20. [0026] 5In the present invention, the lower limt of the

softeni ng point of the phenol resin (Bl) represented by the general
formula (2) is not particularly limted 8s |ong as the phenol resin

(Bl) represented by the general formula (2) has the aforenentioned
structure and the contents of the c=1 conponent and the c>4 10
conponentclare@nattodiwplapove Beangese Hofevehisit as meirer aldmpariittile@ss for
t han 50 degrees centigrade and nore preferably not |ess than 60

degr ees cumdrFade:iBy setanigpndiectonerxdeMeniofin ke bedfarer g tpeiemt the
wi thin the above range, blocking is hardly caused during conveyance

or stonxﬁ?hﬁeﬁhem@bgﬁyiﬁé§wnrﬁﬂdnapéﬁkag? ame ldadrid iy | si$i t phgained.
ri sk of damaging the workability. Meanwhile, the upper limt of the
sof t eni nglPS e i hot thareTeessar | ynveniied, wbld pe fssprébedappydeseil.
nore than 140 degrees centigrade and nore preferably not nore than

125 d&grees éHtigrade. By setting the upper limt of the softening

poi nt within,.the above range, there 20 is little ri of causin

ol Tur es. ouci TE Dad o BP0 FPUPRRLCE0n b H 11 o e Fegector
during 1. -kpead; ' he i ke. [ | h h . resin.
(B1) reg?égghggﬁq%%g?ﬁéqﬁéhegg1K?%?ﬁ%%éz%ff?pfﬁétgé%ﬁgﬁ& %E%F g%@gflng &
conponent ; g t n t (o ={0 Jp
component B THSAaner St Forrtr oo D el A8 PRBE Lt ' {F T ving
fol I owi ng maMRiturderdhenobntesi By (Bl ESPIEREALCedeRY rhile raeRenal (1) is
formula (2) is subjected to gel perneation chronmatography (GPO
measuoeneidad ke thR epulksgr reeight(a)of respestderefonpaNeniss i (1)t,elddh of
of polystyrene 5 corresponding to the detected peaks are determ ned,

and t he comismitudrareRkIpanceRBage)a dfydrespadidny groamphaenhy 1 to 5 carbon
corresponding to the peaks detected fromthe ratio of the detected

peak areafcmre cdlicth atad. bg 0028]sab® o1t e ffceserit finomemaanotypelr, R2 is
per neati on chronapography“éGPC% is measured in the foll ow ng nanner.

A GPO deiireeoif s dagespcontt ik BYpuRparken & @er deviagldral Scotthen agoms,
colum and a detector. Tetrahydrofuran (THF) is used as a saqlvent. .
The nol ecHartRei ght- i%n%%%‘&geﬂfa@ 2Re P| & Bt eR6FIEKeOpufp tEf 40. Hhich

m/m,p. The flow 15 rate of  higher than that. is not preferable i
DocadBe MY Be Bt S e b rEnt A2bm CatheT it o ThE GHEAY £9%h (A1)

Furthermyre,. in order to carry out the asurenent with_good.accura
ot the aBsudHd s Sorat CeRe e S8 ehiga BE  hE " Ho bk iR haga i o 2
rate accur ~1and.. f: [ CGur i ; tha
0100 AT Ay o el Couard o B o e e [l g Bha
GUARDCCLQNMHHBb&y'QQ@H%rQAthﬁagvékﬁfgiﬁ éié&ﬂﬂéﬁ%ﬁkfgwégﬁfﬁﬂ§ﬂh Examples
dianeter: 6.0 nm pipe length: 420 mm as a guard colum and 4a

pl ural ity olsuednagr @F@Lx pok¥shyieoEude! ALl vangy( Tk dElcdddiids such as
commercially avail able ¥r0n1Tosoh Corporation, dianeter: 7.8 nm 25

pi pe2bengillkxy BGragpasults et wbddave sRsuBktytaesdeptipleAol, bisphenol A,
differentialrefractoneter(Rl detector,forexanple, differential

refracti e spidsmol( R, )bdepieetol S V\B4sphenoinks ) aldypisbhemal kablehe like.
fromWters) is used as a detector.Before the neasurenent, the guard

col um, doianmlemaidehestame rsiale paocusttabintived AL G- dGBhipdcamnmescoblly
40 degrees centigrade. A THF solution of the epoxy resin (A) in which

i ts conceadiare | Sromadilppcad $eesl t ehamggai Gos pridpdredlagcgramethyl
sanple and the solution is injected fraom.an iégemtor of about. 50 to

15:). 1. 11_13fi03rp}{eﬁ’é’1rr§a§éﬁp8n§ﬂ??‘ F’E?Sjt‘%f ai%r‘f/‘s]: ? (tor?ém%a?diael,ld%a;’ailable
po &y e DL e 5% st %%%E%@Sﬁﬁ%é%ﬁg%ée&awted
pol y£tyr erie{ e T _ 85 S

10 calimation cutye Laoobtalued BY pLOLELRG LS LORNTAME Formula

val ue of nolec Versus e tection
(3)), YX4000H (commercially available from Japan Epoxy Resin Co.,



18 ranges. As the polynerization nethod, there may be exenplified a

met hod i ncl udi ng subj ecting phenol and formal dehyde to

pol ycondensation in the presence of an acid catal yst, and then
distilling off residual nonomer and noisture. A comrercial phenol 5
novol ac resin may al so be used. Furthernore, in order to control the
contents of the c=1 conmponent, c.4 conponent and c=0 conponent of the
general fiqrqul & (Lo HhSth] abl ORendBsELBGy BXELAFL I 006820/ YBBmmercially
chromat ography fractionation, m xi ng of  phenol novol ac having a

pr edet er igyaed AWl eeubar saeh 9ol sREERUIEON, Ot dlhea IHikphEhdloabeype epoxy
descri bed bel ow may be used. [0030] As the above phenol, a

sol uti on ¥iainechdyerk | Ut kg commer ci al phenol nononer or pheno

with a solvent or the |ike may be used, and preferably used is phenol

for industrif@olsse in view of the 15 cost. As the aforenmenti oned

f ormal dehyde, a substance which is a fornal dehyde generati on source,
such as an dflreousaslolBnimonlaf3par a- f or mal dehyde, tri oxane,

formal dehyde or the like, or a solution of such formal dehydes may be
used. Usually, e of an agukous solution of formal dehyde is

preferable in vigw of the 20yworkability and the cost. In addition
thereto, as a syfithetic raw{qmaterial, a polyner subjected to

pol ycondensationd n the presfnce of an acid cataly %)using phenol and

al dehyde in ad e 2)dis iy ate, an extract, a ecul ar wei ght
fraction or a ons prod t hereof may be used. In addition,
commerci al bi sphenol 25 F ,0r a phenol novolac resin may al so be used
together. [O00BUL As the d®B®we acid catal yst, an acid catal yst known

in the usual 19 synthesis of a phenol novolac resin can be used.
Exanpl es i nclude inorganic acids such as sulfuric acid, hydrochloric,
aci d, phospHgr i BhracP@OvshospreFals feermdland(the ERRB; W gBhi éTdcikfs is @
such as oxalic acid, formc¢ acid,_ organic phosphonate, 5

par a- t ol JBHELRAFRAE FAP h&i’"ﬁ‘é‘tgh%t‘g??l PAFBORMIL TG KD Faycbe the same

tate, ni tat d the |ike. b d et her.
cotate g skl acaiale and e L bke, Theng, IR ReeUSRd k1S cocc nond,
or 1 201y gl 291150k 200 Il o Nl S PSR o ane
| d i f . and; d t i i or
pol ycon %Zﬁggé)anl%ﬁ%”%gn%ﬂ %%SEE F}E ghygero Ji‘ie_xﬁl?ﬁéﬁ'rﬁ’e?%@é dnd aldn: o

of forma top P nolar ratio) and e reaction
t enper at Werad S hotrRantisohaptyebimted, but it is preferable that
the F/P nolar ratio is usually in the range of 15 0.05 to 0.7 nol es
and the reacfgomptenperature is in the range of 50 to 150 degrees
centigrade for the reaction. Herein, by lowering the reaction nolar
ratio (the Hdhaemieal redro)iardihe reaction tenperature, it is

possi ble to reduce the,average nol ecul ar wei ght and control the
amount of the c-44 co nent to be |l ow 20[0033] The

af orenenti ongd net ho ontr ng t he H%Iecul wei ght by
distillation‘EE7ﬁbr/gar cuﬁar | i'm~ted;~obut exgﬁples of the

di stillation procedure include spheric distillation, vacuum

di stilbl ati on, steamdistillation and the |like. The distillation 25
procedure is@ﬁ{qgfrably carried out at a tenperature of not |ess than

50 degrees c 7%t ade and not nore than 250 degrees centigrade. Wen

the distillafion tenperature ein_is_less than e

centi grade, tHe SPFF iéﬁﬁvjbyngégtE?Vé?goﬁli%Fé&ﬁéﬁ%ﬁgd?éégé%ﬁgggdng?r the

pref er abl &b 41 @b Gl 108 P AdiGld e/ ilee AR RR S EMRBIALL SoRYCEEIR: has

250 degrees centigra stch "a tenperature i's not preferable cause
of decowpé}%é_taff& ettfoRbENOl - NOVRLAC BieSIit hadnd Jﬂb%iﬂ?' g@yh@; and its
wei ght. Specitically, by the atmospheric distillation at I00 to 150
degregs GROtiOK@dSoihbeiFohbsbeeabaYy RSt erRedhant logerdridd datttiyrade

and more preferably not less than 45 degrees centigrade. By setting



25 component dissolved in the aqueous phase, mainly the phenol

mononmer conponent and the c=0 conponent of the general fornula (2).

By these procedures, as a result, the anobunt of the c=1 conponent of

21 the general fornula (2) can be contradPled. [0035] As the

af orenenti oned nethod of controlling the nol ecul ar wei ght by

extraction, a nonpolar solvent having a low solubility to a 5 phenaol
resin sucheasldwdieDemixylognecios wmbetliinke dsiraddedihonatplensdove range,
novol ac resin, an aqueous solution of a phenol novolac resin, or a
phenol rPkibrkdingsbsvedkdly aapelear dsplingntorsuciamse alrcohokage ahéehe epoxy
like, and the resulting mxture is stirred at a tenperature of 20 to

150 degr zesicentdwrmdbeaiady diamal ytipeessuse lortturmleripkesdurdamping the
separate a nonpol ar sol vent phase and ot her conponent phase b o
al | owi ngwpgkebadd tor cém ribfeugdihesegmnd i dme atere®d FEnbveof h’éhe melting
nonpol ar sol vent phase out of the system_ whereby it is possible to
remove t Re1RgRSNBPECOREE LGRILGRL Y dAPSRERr BP§sé¥vé§ PRetRE2ROKpBPArMOTE

sol vent ase, By these procedures, as. ,a result, the 15 anount of the
c>4 corrngI@ﬁt (PRI e T R RAGFSEEPLY ASY RETe thah®izs

f L. d t hod of | 1] t I I wei ght. b .

Fract ! ondPBRG oS0t thhLO5°P81 r BXTVE TRIGRS( FP5o el B P Zante Fep4ipg Point
for coll %&Ep&% %ﬁ@aggm Egﬂg'ed %@%r%eﬁ'rsahﬂétg%“?%gkeggt 8269ifg failures
separatory funnel and a fractionaiing colum filled with a

pol ystyrep hgsbbﬁt&ua%md{%g Whan t%ol- HEI;&I?l@Ee%@f@ﬂH& HOWPhag iheghPing

is supplied fromthe separatory funnel, etrahydrofuran eluent is
suppig edped tr @hiaetiinge dRdend Rldkehart is monitored, and a
predeterm ned peak is detected. Thereafter, an extracting 25 sol ution

is collectedoontijl it is varnished, whereby an arbitrary nol ecul ar

wei ght conponent may be coll ected. [0037] 22 The af orenenti oned

met hod of cant thkl ragihheonmpbedulian Weirghhchpsnilxknggi 8 semiconductor of
particularly limted. However, it is possible to control the anounts

of the cthecpmperent nveddicorpohbatr apdzy-0=somparasntocofuselde tbgefbey in
(2) by the use of a polyner subjected to 5 polycondensation in the .
presencetbf aangepdieatuigsanusthgephehctsand FhenperenyRsinr(Al) having
commer ci al phenol novol ac resins which are subjected to a process
suchl®%s 8 §€vaatlren¥e%&%%%%¥?6rhy P PFRELRLoRCTRRARL [ bhatd s toflappged.-

li ke, followed b | t-bl ending a plural.i of these resjins at a .
emmer ot BTG S0 0T G Beb hR ST E AR I i Bt THE o tagrEhag iRglude
i i I f i Xi i t.h I t .
oo 1e | o A0 Els o) I LERIA TS BRLSAL MpeT e R,

component, AN 314 SARPOICTL L. LBB, AL 10U T fhey A0V EpERSENCE i onal

[ 0038] 15In"the resin conpo r encapsul ating a sem conduct or

of the pepgsght fé@%ﬂ%'QﬂchokhﬁraC%@ﬂﬂhéﬂB%Hé%Hgﬁét%ygée@ﬁd%yﬂfﬁﬁiﬂﬁ an
the ranges in which an effect by the use of the phenol reSin (Bl) is

not gamagaty1Exmalaedfit i igh &t lngriageat cybecrpdy hedisedai@dehdelike;
i nclude a polyaddition type curing agent, a catalyst 20 type curing
agent, aag@ndsnsatperepype agimg sagdntsanghehe ll skel kEXampbespefixyvt besin
pol yaddi ti on type curing agent include polyam ne conpounds cont ai ni ng

di cyandi amivdeg( Bl GYenyodegansketlehypdy azi meplariuo I leerd ikeel, tagied epoxy resin,
anhydrides containing alicyclic acid anhydride such as

hexahydr epbhkabilc azalyadi dapeHEPARY meshyl hagingt pahjoheplitkaki skeleton,
anhydride (MIHPA) and the like, aromatic acid anhydride such as

trinelli € Gaaiidd Gt tYBe oPRPXY tTeshnhyavyige fPRpRRylene skeleton
benzophenonet et racar boxyl i cid (BTDA) and the , 23 |ike; phenol,,

oo B CoRBBuriits ohekoas RATHIRA SYRF KPP TEsHs such 43" Ginydroxy

di | t adi - i fied ph | resi d the |ike: [ t ,
omoun S T B FPREY Prpbde: ar Sxor datirs ari A e BRbTeian

etherification of dimers of naphthol or dihydroxy naphthalene and



bi sphenol conpounds such as bi sphenol A, bisphenol AD and the |ike.
Anong these, fromthe viewpoint of curability, for exanple, the

hydr oxyl equi val ent of the phenol resin type curing agent is

preferably not | ess than 90 g/eq and noflinore than 250 g/ eq. 5[ 0039]

The lower limt of the mxing ratio of the total anobunt of the curing
agent (B) is not particularly limted, but it is preferably not |ess
than 0. 8tHeby1mass angdianigepric)absycontal 8589t hebbaly 5 Yedingmssich as
based on the total anpbunt of the resin conposition for 10

encapsul atriing yaisii dewductorcatBy, setioablyhedi@lpeidyn isofyaimerate and
mxing ratio within the above range, sufficient flowability may be

achi evedthénlike; dihietgdrhogcliikehuppecabontcafpaured-modngi edphensfl type
the total amount of the curing agent (B) is not particularly |limted,

but it i sppxet arebiys natchoee thaflcgclppgniaddeandmegidissl phenol type
preferably not nore than 8 % by mass, based on the total anmount of

t he risi fPeFNpESIStiTomTbrthencdadsir a5 HyP oY sph EmtrRe oF YPBySReRY | RgS1ins/
the upper limt of the mixing ratio within the, above rgn , € Qﬁglent

sol der r 84PYLZREE TR BN eFd®S [ GOREY 286RBAARAI | m%@}?t €. In
phenol resin.type_ curing.agent i s used .as the curing agept ) ,,.as .
Phe i xi FG PACEE 257 Aeheds ofarCEhESy Bt SFAKE o FapRPSPhers "R pesi
type curi o 1 i t i o, ( he. nunphe

cpoxy” ar Saneeay e e W il & bl e Ol ok T PP B Brgranie
number ot ,pReRO! L & YL Qo 18599%1%5;% 6 3 bR; Lhen ot Al 5 arounls 86nthened
phenol resin type curing agent Is pre erabfy not l'ess than 0.8 and

not g®reahamal13.aBpitding t e, el vatieet Kahho M-bRi PhéhirSchipbtt of
sufficient curability may 25 be obtained during the nolding of the
resin coepesiliilgn f,0rheneppayl afhNgadeseni s onekied fibl fFuldthase ehabyg/eq
setting the equivalent ratio within this range, excellent physical
properti eand moax mesien twhared Q¥ aduci0Oray/ . obt ai ned. 5[ 0041] In

the resin conposition for encapsul ating a sem conductor of the

present invdftli2zdd, the epoxy resin (A) has a nelting point, and on
condition that its nelting point is TAL and the softening point of

t he phenol F&&i RIFENY regres epf eBhpy ePREYgaeial Fof)mhaving (2) sfsucture
TB1, the absolute value I TAL -T611 of a tenperature difference

bet when TAPIESENESE kY gt iR hotoRB e t hhhs 38 degrdbsieBntgFagther

and nore preferably not nore an 30 degrees centigrade. By settjn .
The tenpEPRRY: & Sh D AN S (RO oS Jor e Cbrol Rt Rhotgeresh Al 25 ¢
(Al') and the_ softenin int.qof th hen reskn (Bl)_repr n 1

by {ho oBNeTaRSf SITAT 2 Ebr AEH ROEHE Shae™s dhosValedf PUR BRLEFgharLy
nol dabi | | i bt ] ar l.eagl escr

reason f %%F%%%%@s%gﬁ%?&ggg%gh%gtﬁg?°n%ﬁég€%ﬁrt%aaﬁg'%ﬁerggrggga%yamount
setting B&et%ko@%B%?ifggﬁht eragyrecgdi {herenceniQiRg pRECoSHREhin th
but it is considered that thgmgpoxfyrézin (ij) and tﬁeépheno? 20 e
resi pp ( Bhhovwepr esggted by Erecgenepal fr@5rad end 2k har erpswapPLi Yty may be
mel t-bl ended in a melt kneadi ng process of the resin conmposition an

as a reswutaitfaei.cohesi ve force between the epoxy resin after cooling
and the curing agent is inproved. On the other hand, by setting the
melting poiMt0o@f31t he crystalline epoxy resin to be 25 exceedi ngly

high, it is not sufficiently mxed with the curing agent conponent

wi t hout proG@éedilnyew Lhmdsl pEngheapiding Bytsetef fgha Heoteal taimeynioiodt the
of the crystalline epoxy resin to be 26 exceedingly |ow,_ although

t he epoxFRCE Feisdnedd| §snePt &P Bl a1 dGLY ehifet Bedir s idodsaPegiegably
ot her conponents, it is not sufficienté¥ m xed with ﬁhe curhng a%ggt
and he EGHediSR® il Detdme3 8RR CI'eht RFERBGEPLKe QHdiFPEntorD 4
sufficient gel durin heat.- bl endi ng. The | o limt.of the ...

Sof t eni nYpBHTS ‘arkf 198 ol tihG ot h “BPUBEnEF BB6xyoPebi RORRGSAEheR for

encapsulating a semiconductor. By setting the lower limit of the

o

)



conposition for encapsul ating a sem conductor may be used. 27

Exanpl es include fused silica, spherical silica, crystalline silica,
alumna, silicon nitride, alumnumnitride and the like. The particle

di aneter of the inorganic filler (C) islgreferably not |ess than 0.01
pm and not nore than 150 pmin consideration 5 of filling properties
into a nold cavity. [0043] The lower limt of the content of the

i nor gani gifdilderat Cp Wwatiietacaibyvaatadgssthbaa 75 1%thy enBbsk oMegusing
preferably not |ess than 80 % by mass and particularly preferably not

| ess tham 82dctd dwy imasshe helsedhiail Tty ootaheabkat ofnt hker eshar hand,
conposition for encapsul ating a sem conductor. By setting the | ower

limt of thkeupparenimdf afhéhenoigang ccaftidd ef €8} twittani amphatabbdie epoxy
range, the resin conposition for encapsul ating a sem conductor

exhi bi t s r@sdel | @t isablat peofdabiiarly himi’é@gi elbes dkces| ppeferably not
sol dering 15 crack resi stance as physical properties of a cured .
produdt Woroirhamddedsibyggws RoCsTere OskTerand HoswlerrsgthRre 13 3 by
strength. The upper limt of the content of the inorganic filler (Cg

i s prefeM@SiSy rRSHdr &%t HAIF 98006 by 2RRyEt etB?eFﬁg’dﬁ’i VAGROS e for

than 91 %b . .and parti.cul arl f er abl t than .90 .% b
mss, baSE RS CH COCSIGRBAHETST 1 haYr BST ConoR BT fortss OF the

encapsul at.i_n m c i (0 t per 4l ;
contont. SRS FRGTBan S s Spey Sy PRetSbEt itk G pagping
1ol dabi | it I A yethdd Lo < CanBgi 0g the figuability. [0044]
25The resin conposition tor encapsu?atlng a sem conductor of the

presgpt invemigoon nay further contain a curing accelerator (D). The
curing accelerator (D) nmaybe any conpound which can accelerate 28 a
reaction betpeereainepoNiposieiipni AokhenE€PPXy1aE5hY Anbrdl qUIRN@UW: of the
hydr oxyl group in a conpound having two or nore phenolic hydroxyl

groups, anGg@mit heveeltdetredohtainishasghenoi ngeste el B At ecmmmad oy the
used for the resin conposition for encapsulating a sem conductor. 5

Speci f i ¢ Teldnpliesy ecleudd phospher 62 -aorita pumgngoapenndisusthegsein the
organi ¢ phosphine, a tetra-substituted phosphoni um conpound, a
phosphobetcaitea tc ofp 6led c=ancaudBopenst canphdsphi Fe ol ampupt of the
gui none conpound, an adduct of a phosphoni um conpound and a_sil ane,
conpddnd PRFRAIheasKe; (Bhd FFRFRRERERDPYHI AilfgIeBRpBUNISTEHLR d4<) 165 not
1,8-diazab2%%clo 5,4 0)undecene- benzyl di met

7 | ami ne,
2 met hyl ATRFGIAR P L VRRES Homgod HBSEUCBrEvEr aBy Go8qcgPEent Of 2
h h - taini d d o Pt ef |
cat Sfygé PR AR TN s %ﬁ”%if%a{%%ﬂé%ﬁétﬁ Frely’ shodaranpageentage,
conpound, | ound,
o RIS ST 1 AU 0 OO 8 s

conpound gafd ﬁﬁdblf{,e £REPEHAAR lehe Hd keso iébﬁd@@me@é 8oRBLAAER in the

bet ween the flowa ity and curability. In consideration of the

fl owabi | iftabapaftdit & W HY el raisied (B3 )a de@iredresithst IhUt@@ general
phosphoni um conpound. In consideration of low thermal tine elastic 20
modul us dforancll ed2 pr aduadrofetdisl ¥ efbd eAROSthaonlber iencepsw abfngrea
a sem conductor, particularly preferably used are a phosphobetai ne
conpound,perruekraregelductienfe ,a phosphiné compoundoandha qhigronle resin (Bl)
conpound. Furthernore, in consideration of the |atent curability,

parti cul ardpregeimdlly tisedensrad fddomeflaofl225rafphgsphddiaumotal amount
conpound and a sil ane conpound. [0045] Exanples of the organic

phosphi nexf i PHEjoBR RR|ECE oFeEhes PoPFrespAtegnpysittromengral formula
encapsul ating a seni conductor of the present anentign i ncl ude

prim@Py phospRrREs18Gch 38 ety pfssphi REMPRREMYOPhosPhi P caRPHIREINg 2
| T ke, d hosphi dinet hyl phosphi_ne,
e Secandeey, shosg ves Suah. 82 SLTELDVLPRIIEC e  cronens,

c24 component and c=0 component. In the phenol resin (Bl)



phosphorus atom R4, R5, R6 and R7 each independently represent an
aromatic group or an al kyl group; A represents an anion of an

aromatic organic acid in which at | east one functional group selected
froma hydroxyl group, a carboxyl groupland a thiol group 20 is

bonded to an aromatic ring; AN represents an aromatic organic acid in
whi ch at | east one functional group selected froma hydroxyl group, a
car boxyl rgpeepeatédabiyhichle geawpails fbendéd t(@)antarogrdi compoagenk afidthe
y are each an integer of 1 to 3; z is an integer of 0 to 3; and x=y.

25[ 0048] gederal fHreudenp@incxtepridsert ebwyvideogiener dbuf ot murilddr of
is obtained, for exanple, in the follow ng manner, but the nmethod is

not rest hydregdyilheretps i pse maleetta-isubypit Boedwhhnsighasimed t-kneaded
hal i de, an aromatic organic acid and a base are added to an organic _
sol vent 58&@@@&%@1‘-3 Bl oy GPoRY dF6AEL FEChramtine gepdy resin

anion_in the solution system Subsequently, when water is added to

the sl utlfdn; the <Irpotive ﬁ%ﬁﬁ%%ﬁggde}eFHéeéeh%r%ﬂt PO SO nByus,
be precipitated. In the conpound.represented by the gener formil a

() P CRaBhiS, Shendt RPoRRRd 19 Pt aehRer T B Peeatpighed 2nd a
pref er abl.y ;g Bheaul: group., a0d Al isonr sheraly arcomound Dol ch apme
hydr oxyl ~“group is bonde o-an arfomati‘c ring, nanely, a 6h ot
conmpound,._an i e l.y .a ool e P [ eo] und

R S e e e e
15 the resynccOMAHdF JF H9RreRGAP§HEEbE Nth dreeRbeaBRdYE! 5 1Hrddleso that
present invention include ConpoundS represented by the foll ow ng

genet@l teaemubat(kheadlehenscadsTorandidutlc{idnt) dpbxly k@ iz0whieness, the
in the above general formula (5) , X1 represents an al kyl group

havi ng leboxy ¢ashon (Alonmin Xlreepnesempssathydr sxgtegerhphitsi sxaallient
integer of 0 to 5; and gis an integer of O to 3. [0050] The
conpoundceépsdesentedcby ahé g drheresd-diorend i) drossitiakeed st28ctore can
exanple, in the following manner. First, it is obtained through 31 a
step in Whei deracdr aditematdusisuhsas tigled pHbshhi e, ingreas¢soh the number
tertiary phosphine, is brought into contact with a diazoniumsalt to
subst it uPé Fhethei 4i6AAELEYSEBSPIEGt B4IPhodpHi RBeaRel h-¥razeirgnproperty
group_of the diazonijumsalt. However, the nmethod is not. 5 limted

i 515 0881 FLOVER A ¥ G ohE Bdau E Ort oSV e Lo T Eepesting
gﬁLQSQ&d KPR R BEnPEandLLEBRobT fﬂﬁé%%g%&%?%ﬂgiﬁﬁ? B0t ReTGagR0T Spoxy
corpounis 3B SREMSY bt 5L 9d o 1, 0opstal Lobmlan Bl Lehem sl

phosphorﬁan@&%%e%, R%nan@Bgloregﬁh iegﬁﬁee%%lﬂy Esereéﬁeapgalah%ig a

group having 15 1 to 12 carbon atons or ah aryl group having 6 to 1

whi ch mayche dheusam: of dihd epeatehtonmeaah iohhersndRilowdd 21 stk RA8 the
each independently represent a hydrogen atom or a hydrocarbon group

havi gg 1cbatbaAtCafbeRcatoMBcompbibn ToyoEaihed she: oy tditfdleaamtunftr o the
each other; and R11 and R12 may be bonded to each other to 20 forma
ring. [0@h2hol PReeieraldle exappkesnoédt ey phbephyarecanpdundulised(2) is
for the adduct of a phosphi ne conpound and a qui none conpound i ncl ude
unsubst i puede radmatict riawgs commai 40hg phosppragsraoty ast2bess than 50%
tri phenyl phosphi ne, tri s(al kyl hengl)phosphine, )

and particularly preferably not less than 55% in terms of area

percentage. By setting the lower limit of the content of the c=1
25 component within the above range, there is little risk of causing
a deterioration of the tablet yield rate and the flowability of

the resin composition may be improved. The upper limit of the



32 tris(al koxyphenyl ) phosphi ne, tri napht hyl phosphi ne,
tris(benzyl)phosphine and the |ike; and phosphi nes containing an
aromatic ring substituted with an al kyl group or an al koxy group.
Exanpl es of the al kyl group and the al koxy group include alkyl 5

groups having 1 to 6 carbon atons and al koxy groups having 1 to 6
carbon atonms. Fromthe viewpoint of availability, triphenyl phosphine

is prefeprpadenl0883LhEXanp! esmpbnbhe G5 ReRepsPEPEENdrUsetihoteihebut it
adduct of a 10 phosphi ne conpound and a qui nhone conpound i ncl ude

0- benzoqyinpherepabenzguinene th BB AL mdeREDrefovadllyNR6€, more than
p- benzoqui none is preferred fromthe viewpoint of storage stability.
[0054] |180& uet hedmef off edue nEraeraddiecct dEy asgphosphi ttee cgrpaontiaid of
15 a qui none conpound, an organic tertiary phosphine is brought into
cont act whthcalbeozpguenbrelinia s \ertve hangsan tdiessolive Lbothet hesk of
organic tertiary phosphine and the benzoqui none, and m xed to produce
an adductatihéngokn Angreebeenn tha peslisddeato| exgeasivastysbPubsyityesis
into the adduct is |ow. Exanples of the solvent include 20 ketones

such as xéeienef weemherehyiesist ofd Jasgrmesantes Pyuthgreengral formula

limted theretq. [0055] I n the_conpound represented by the general
formila (). Jdith GPoRELIRITNG HRFDCORIEIR O RHith e BBRABE t o g tained

i"?‘)ZE2383593?%32‘?8%1%13%51%%?}? et st h e a8y the
L beneggil dane 1O4Liphepyl PROSOIUDC s prchal e.bgosse e, v s

ses hermal elastic us of & cured

pr odyet E%ﬁgr@%amg gﬁe%@%iéﬂ%? Jo a%@lcﬁ%é'ﬁféf'@rébf?rﬂc?@ﬂﬁ}i‘é ®han 15%

[ 005 es o0 e adduct a phosphoni um conpound and a sil ane

5 conpound wai-gR FBY HelsRA-ddhidfe et SOMPOSE LR dfber limit of the
encapsul ating a sem conductor of the present invention include

conpoundgchephésenttett: by 4tdhentohdowhiagrgenehaladoraubage?)th¢tbens tatele
Formula 9] - + - R15 R14-P - R16 X2, /X3 Y3Y5 10l n the above general

formul a E1kk Bfr epreseni & algphasphworits @onfl@rabepiegent Sha gpberohimit
atom R14, R15, R16 and R17 each independently represent an organic
group hawvifnghancanbeati of rilmg o0 admteratycdartainggd ior the dbtphatpeunt
group, which may be the same or different fromeach other; X2 in the
formda € heordamcd IBsrouBhatelesnigedupy Yohe oogretpl YBorxalan (2)
the formula is an | o o
is not particularly limited, but it is preferably not more than
16% and more preferably not more than 12% in terms of area
percentage. By setting the upper limit of the content of the c=0
component within the above range, there is little risk of causing
20 breaking, cracking or poor appearance during tablet molding.
Incidentally, the contents of the aforementioned respective
components may be determined as measured by the area method of gel
permeation chromatography to be described below.

[0025]

25 [Chemical Formula 5]



organi c group that bonds group Y4 to group Y5; Y2 and Y3 each
represent a group fornmed by release of a proton froma

prot on-donati ng group, and group Y2 and group Y3 in the sane nol ecul e
are linked with the silicon atomto formsa chelate 20 structure; Y4
and 15 each represent a group fornmed by rel ease of a proton froma
prot on-donating group, and group Y4 and group 15 in the sane nol ecul e
are |inked mnth t he licon ayomto forma chelate structure; X2 and

X3 may be the Ydanme or| di B each ot her; 12 13 14 and 15
may be the agEE_gr diff ch 25 other; isS an organic
group havin omdt

al i phatic group. [00587]

34 heterocycI| rlng, or an

Exanpl es of R14, R15, R16 and R17 in the
general fornula (7) include a phenyl group, a nethyl phenyl group, a
met hoxyphenyl group, 5 a hydroxyphenyl group, a naphthyl group, a
hydr Oxynaphh@g egrnoug_’n ey I, "f'l%raa_L %Ejﬂbdl @Yn, ca'iseﬁﬁyllnge er of
group, an n-butyl group, an n-oct group, a cyc ohexy group an the
i ke. Ampng Bese, nore preferably used are aromatic groups having a
substituent and unsubstituted aromatic groups, such as a phenyl
group, a 10 (metlwyl phenyl group, a met hoxyphenyl group, a
hydr oxyphenyl group, a hydroxynaphthyl group or the |ike. [0058]
Fur t her nor e In thé hergsener dnvieortndrg, €Re, 1o@et 4 ian tob@attihe sgricemitrtapoint
bonds group Y2 to group Y3. Simlarly, X3 is an organic group 15 that
bonds gr eup tY thagradupreédbin YR Bndrafdrasentadhby gheugeheragdibymula (2)
rel ease of a proton froma proton-donating group, and group Y2 and
group Y3iisn ndfe panbipblecdlye keltedkad wionly tde Shei @hengtlonyesin (B1)
forma chelate structure. Simlarly, Y4 and. Y5 are each a graoup forned
by rel ea$E€PFTESEIHG OAY f £BMR FPrdidon- HeFaRt Ag (§P odiRS aRee 20 Tgr sl ¥aoned
and group Y5 in the sane nol ecule are |inked with the silicon %EO toC>4

forma cKRETAES L_RAr &lernecgreipsSx® nﬁhﬁréhﬂ'xgomﬁ9n%% t &

diff t f h ,ot
o oul? 16 RRP e Tentd FeurPPLPCRERpPOm JALTE BrTier b BgPagaanLy not
represented by, X2552d¥§%eggdcéﬂglﬁ5888 gﬁdﬁ?@f%@%%&iﬁ%%ﬁeﬁ% than

in the general

protons fGrOOB.rlaggBE?.t ?é'ng?gi)édeEx%@pls@Et@Bgt Hee AITRIAN 19RR@T o F MHIIdB Frening

catechol , pyr

1, 2- di hydidnaphtihal efge 2aBodehydneeynanpidialRNeis hardly caused during
2, 2' -bi phenol , 1, 1' - bi - 2- napht hol sallcyllcaC|d

1- hydr oxwoznmﬁdwi&a@tdar?agfe/dmww heisdacirdw ellterdnil,i @and there
acid,tannic acid, 2-hydroxybenzyl alcohol, 5 1,2-cycl ohexanedi ol ,

1, 2- psopdnedidal.leghyedr ofi dadathegl tke. wénbagi 1 hege, Mamreviprlef ertdld ypper
used are catechol, 1, 2-dihydroxynaphthal ene and

2, 3- di hydrigiymnaphtthel s tdri0n pcHurt Her morte paZt liow ltavd werigvidled, but it
fornula (7) represents an organic 10 group having an aromatic ring or

a het er odyicl PEefeRgblyr ot alPpRattiftayr ddP. Tpeeses c cenanpirasieofayd more

i ncl ude al i phatic hydrocarbon groups such as a nethyl roup, an ethyl

gr oup, apﬁ?edfrﬁﬂa%lribwt anqmﬁ f’ﬁf&@ps df%%&ﬂ GrodET octﬁm @t&},sl the

and the |iKke; onatlc roc bon suc as he gr oup

benzyl grls” t%ﬁ hcdjrlﬂl.l%lffn He | |al?(9)e'a|jfalere
reac ve Su tltuents such as a onx Rro I ou

nrerc gﬁttglr oup, SR ar‘r:iar%lospl dl J:up% acg’ynyﬁg gr od:ﬁlréar}? ]tlhté’ due to

i ke. Anq e T A, fﬁaaolryestasf?dd\fggqgar%@q;eny iy A eyl i ke

group, a phen group, a hyl” group an omthe
20 vi ewpoi nty@fyther mal stablllty [ 0060] As a nethod of produci ng
an adduct of a phosphoni um conpound and

asi | aneconpayndhasph SAST FERUNABUGhASpresented by the general formula (2),
the content of the c¢=1 component, the content of the C24 component

25 and the content of the c¢c=0 component of the general formula (2)



phenyl tri met hoxysi | aneandapr ot ondonor suchas 25

2, 3-di hydr oxynapht hal ene are added to nethanol in a flask and

di ssol ved. Next, a sodi um net hoxi de- net hanol solution is added

dropwi se thereto under stirring at roomilenperature. A solution 36
prepared by dissolving a tetra-substituted phosphoni um halide such as

t et raphenyl phosphoni um brom de in nethanol in advance is added

dropw se .9, the Jdasulitdth reae¢hiOfoRnedtely MAHBErSt i THE Nthéiol GBin (B1)
tenperature to precipitate crystals. Wen the precipitated 5 crystals
are filtergsheymsted Wyt htwat efenaryll t Terndilized (PR viacusiobjaatadducd gel
of a phosphoni um conpound and a sil ane conpound is obtained. However,

t he met hgseimeaoiohi nthedmédotthashy[ 0QGPEL ) Theerisxiregiendt, i o tdfe t wlecular
curing accelerator (D) which may be used 10 for the resin conposition
for encapseightsng af senespadutver obmpheeptesenn i meams ol s pedistyrene
preferably not |less than 0.1% by nmass and not nore than 1 % by nass
based5on ¢therespendianpunto ofhehalatagied onpadet e Beteamingg,t hand the
mxing ratio of the curing accelerator (D) within the above range,

suffici erEoreRbSs | Gq%ﬁwrﬁnﬁe%hPév?é%lspefaﬂﬁer%%on%t%%ﬁ%&%ﬂmg
m xing ratio of the curln accel_er at (D) withi e abov n
suff|C|eh?°f¢%%a$??F?y ﬁﬁ%CE@dagHP@vggg Fé@%?]qfqﬁh? 4%%? gﬁﬁﬁ 3k areas
i nvention ﬁaog g % in which a hydroxyl 20 group is bonded to

each of t%ﬁﬁo?a Pe*abdfacent carbon atons constituting an aromatic

ring nay be ﬁfr used. The conpound (E) in which a hydroxyl group
i s bonded to edch of two or nore adjacent carbon atoms constituting

an ar@matic fji “&égﬁ‘ Mtﬁ{véﬁéﬂﬂe%é}? ASrddie: CHMRAUAhdEdrdshy (GpC)

used as a curing a rator or accelerating a crosslinking

reaction pgtween the jepexy £&51Hw{AYy wiithdhe SWpOgAGRY i6Bquidbes with
even if a phosphorus-containing curing accel erator w thout having

latency is paRg, e epsdidn, 37gokrtdhedlesin) conpesimhoandula ripttdwtor.
mel t kneadi ngnaybe suppressed with the use of the compound (E), so

that a stebttiredroesiranconpbsiis osddrasercapdvieat. ngT]aesemﬂ@@mblemtvmight
can be obtained. Furthernore, the conpound (E) al so has an effect of

decr easi ngstﬂn@a5u1mditat/|’fsfwsﬁ3tqw ofattchefr édien pyowpesi Pi dnmidmin. The flow
encapsul ati ng a sem conductor and increasing the flowability

Exanpifes détehef cohghandti® et uble 2oboneriRTIR] e PReRiAe Ythe detection
represented by the follow ng general formula gﬁ% a polycycllﬁi

conpound ?EPrE3EHt B8 ByJeRETEE FOSTY 1Gen &39I koY) HHd-iggmore, in

li ke, and these 10 co ound have a bstjtuent  other than.a
hycr oxyl GFED 7 GG PeierhaleRaRRaNE T Eor L il B SRS L T et SRR AP OV

In th b f I

oy oSS LBk aeTh Rk BN e i By B R gocuracy.
, th t i o

group, t1geat i bed BIOCOROn 10 DUREAILLOT R B8 jhag 0 100

each g hydiQgsnig Omofa ey 4 eQIOU:EuQEda %}H@ﬁ%ﬂhfsuen(tfc&t h@xéma TSK

hydr oxyl group. 20[ 0064] [Chenlcal For mul a
GUARDCOLUMN HHR-I, commercially available from Tosoh Corporation,
diameter: 6.0 mm, pipe length: 40 mm) as a guard column and a
plurality of commercial polystyrene gel columns (TSK-GEL GMHHR-L,
commercially available from Tosoh Corporation, diameter: 7.8 mm,
25 pipe length: 30 mm) as a column are serially connected. A

differential refractometer (RI detector, for example,

differential refractive index (RI) detector, W2414, commercially



R23 R24 R28 R27 38 In the above general fornula (9), any one

of R23 and R29 is a hydroxyl group, on condition that one of R23 and

R29 is a hydroxyl group, the other is a hydrogen atom a hydroxyl

group or a substituent other than a hydrnexyl group; and R24, R25,

R26, R27 5 and R28 are each a hydrogen atom a hydroxyl group or a
substituent other than a hydroxyl group. [0065] Concrete exanpl es

of the npRacyGihe cempRUthdapsesant edsby tde gengepbctormul are8bre the
i ncl ude catechol, pyrogallol, gallic acid, 10 gallic acid esters and
their depkwatiregentCongiet guexanpbasimef, tdelpeh ysyal deteempeunichside are
represented by the general forrmula (9) include

1, 2- di hydraxynapkichadtene, t2mpediatydrcoxyhapht hbdgreesandethegrade. A THE
derivatives. Anong these, fromthe viewpoint of ease of control of

f | owabi | sbyuandncurabihé t gpopyefresdl y(Alsetini ghachs icenpountentrathiah is
a hydroxyl group is bonded to each of two or nore adjacent carbon _
at orrsd coasfiustieidngoad b ofrard Ak i iy PrapratRd B5r @ SPRPrdenshdekhei eplvgion
volatilization in a step of kneading, nore preferably used is a
conpoundiFavihigced a feshen n&@D@GgPra HapRPREtend r £Ag,13thi 8h HeE the
| ow volatility and high weighing 20 stability. In_this case, the
conpoundMEBPURSIRERE -s pBeFf Feal IR LYots kit Sairdsmpaunal hRYRrhgoR curve

napht hal ene ring such as 1, 2-di hydroxynapht hal ene

. 5 di hy BF GRYSEENURAl &8 aREe L 1R r 2 ddlq VAL Ya%: S Fhe 86 20SRFSUNBR B yrene
may be used _ei.t i.ndj vi y, Qr e in,c Lhati.qQn Wo

or nore B?‘ﬁ&%%%?ﬁ&&gg‘]lef % %gxﬁ%ﬁrﬁgti%é%?d%ﬁ% %gan%ggn&%( eI&S The
pref ex ab . : . o h 9 ;

s more BPEAATER AN 5 TR P BT s "Rt e v v
than 0.8,% byngasss affl fRafitdcubanlntpr ebesabl yrmot Joss HBarcRi0n % ime
by mass and not nore than 0.5 % by ‘'mass, based on the total anpbunt of
the resinreepesidn eindd)r, enchpElald g scsengsonties oisily setéhngssion
the 5 lower limt of the mxing ratio of the conmpound (E) within the
above ramgmatdonesi AscahposthndartioPSeneapdel dbrngradseimgoadogibbration
with an effect of inproving sufficient |ow viscosity and flowability

can be obtaivieedthByesetei nged Modphei-1 G (pesfk mod eridiamgweauhs o, 060) ,
the conpound (E) within the above range, there is little risk 10 of
causihg Getled ofmeabn nolediel &ur asiilanty ahd3d80 er i Brat? oo phypsiearlar
properties of a cured product of the resin_conposition for

encapsul ¥6ii9§td deRPlondiceol. (PEBETICIeCERRT i lcorpdsi®irof for (Peak

encapsul ati_n sem conductor, of 15 the present invention, for th

pur pose @P%é%ﬁiﬁﬁlﬂf ﬂ4ﬂ%%ﬂﬁww§ﬁgk%e(%%%gym?£§?ﬂ ?ﬁowﬁﬁaﬁFheg’O3o)’
inorganig filJer é ) n hesi an .auxil i;ary age F : )
silane c ué*f%gpﬁ gﬁ?°€$c? RN 'y6bg%9ﬁftﬁe?&agﬁ%ﬁsHﬁﬁggiggﬁiW%bght'
agent i s .not reigukashy,lim , . tlge inel hich
epoxysiI&@é?cgg_%h?n%s?Paﬁ%%§%%§ﬁﬁ%§ﬂ%g§§% kﬁ%a%?éggpgﬁe angﬂfﬁélc are
I kegg Theppdnesion fixid Iy @9l r (& BB¥mbE- 990y asvhPNEp2E Flom Showa
reacts between the epoxy resin and the inorganic filler to inprove

t he i nterda@alg s€.rength between the epoxy resin and the inorganic
filler. Furthernore, when the silane coupling agent nmay be used 25

t oget her w t[lpotyg above-stated conpound (E), the conpound (E) reduces
the nelt viscosity of the resin conposition for encapsulating a

sem conduct an arick ippeoaes Lheehkowabi ey doyl sinieer 1 zHE isymengilcoef £rdt the
with the coupling agent. [0068]

Concr et esedrhgidesof t sapmassiirenethel wafeounts of the components are not
y-gl yci doxypropyl tri et hoxysil ane, 5 ) i
y- gl ¥8i d@g}fﬁri@pwamliymlﬁ@%d age, long as the phenol resin (Bl} is
y-gl yci doxypr opyl met hyl di met hoxysi | ane,

8- (3, 4- epORISRATHIREKRY Ry ISRt HEX e 1tfe 98¢ Hate fomRE L 3 gnp| 88d the

amounts of the c¢=1 component and c24 component are within the above



Exanpl esof t hener capt osi | anei ncl ude 20

y- mer capt opropyl tri nmet hoxysil ane and the |ike. These silane coupling
agents may be used either individually or in conbination of two or

nore kinds. [0069] The mixing ratio of fhe adhesion auxiliary agent

(F) such as a 25 silane coupling agent or the |Iike which may be used

for the resin conmposition for encapsul ating a sem conductor of the
present iRyl 0N asS tPehrglarineit i@s smditesd 0. e Po hyayrass @nempdi fied
nore 41 than 1 % by mass, nore preferably not |ess than 0.05 % by

mass andanomefbioel t Hae 1 g bysumiss;tiangl paltdncll aady pfefrer bidlyydet to
|l ess than 0.1 % by mass and not nore than 0.6 % by nmass, based on the
total anpoitycohdensartasimn gonposi presendy ot Binn@ailde gbauptr-atdwd sthen
of the adhesion auxiliary agent (F) such as a silane coupling agent

or the | diettidlbiaonoff|l essidhah ndrentoead vaestprait A egEapreapl phenol
sol dering crack resistance in the sem conductor device nmay be

achi eved MAvER&Gt TE6WEr MAY 2heo| e arFeRi all SN DetRe8h9ehet apeRytrol
resin and the inorganic filler. Furthermore, b settiq? the 1 nixing c
rati o of thReCABAREEFEOABNY Carly CRYRAPSPE)y STEH AP ALY AR E5HpFTRgeTer
agent or the like to be within t aboye .r. . excel l ent_sol i.ng. .
crack reStstAtcdFHE e f%ﬁ@%gﬁd3290rqﬁ§ﬁ§i} Ibeﬁﬁé%%ﬁ%@ %gﬁﬁ%%Flon’
i ncreasi ng,moi sture absorpti f _t r r f th [N
conpositF%&meS[ aﬁ%%gééggn%ggﬁgggﬁgﬁggngogﬂgg%%%s8 a?ﬁﬁgﬁi% novolac

sem Cond?l‘_%%q_lh b h%gdg%((%%ﬁﬂheidn%ﬁ%ﬂ@ﬁ%ﬂ’alj el | it iQB 9 phR8 on or the like

af orenment’ i oned cofrponent’s, nmay further properly contain additives,

for exampleined Al agenty SHEP 1B &aédon bl ack, bengal a, titanium
oxide or the like; 20 a releasing agent such as natural wax, for

exanpl e, carpaspy wax or the like, synthetic wax, for exanple,

pol yet hyl ene wax or the |like, higher fatty acid and netal salt

t hereof , fomsexnephisovstmanidl aai dolathonstiebaahed dsy thid ultiike, commercial
paraffin; a |lowstress additive such as silicon oil, silicon rubber

or the | iphesncdn mdmameor gemiphenon- exdimargeolsgstt @ Fhsmitkeoragebe used,
hydrate or the |ike; nmetal hydroxide such as al um num hydroxi de,

nmagnesi umniey drsicmiory tieed | ke phereh foantndeshrdaht Udachnagigrnet the
borate, zinc 42 nolybdate, phosphazene, antinpny trioxide or the_ |, ,
i kel5[ 0GPHE. PRhehfbtHRE TR bRt Horas + €88 onposHPPBANFEr Which 1s

encapsul ati ng a . sem conductor of the ﬁresent i.nvention is _not

parti cul & EPTFALIRAYLE IrRe TS O 1| G GO FOn &P ORitd SGERE-on of
additives are mxed in a,predet.ermned ampunt.. The m xjure is;.
honogene&?sqay—fﬁﬁr\‘?gﬁ%@ﬁdg’nd M &d et a%%?nﬁgfiepgrrﬁ‘er a]% ureSusthge f @
exanpl e, 3 el 18Il Hden 2y BBLIA 0L ha 0 pLhaLbKe, panduither eabl 8 an
t he honogenous m xture 1's ne FEReated uss g a kneadi ng machi ne such

10 as a hot,d4ld 1s@ltl§gfége'bforf&%a@ger}{ﬁ% , i ¥hikerheabhag ithey 1851 Bf the
conposition to about 90 to 120 degrees centigrade. The previously
kneaggd resiihiSONMPOpiddPRheSc686L ed raRdidawiver ithedtetWhesshy synthetic raw
granul ar or powdery resin conposition can be obtained. The particle

size of powderiOr, o epul@esf subgeresint6opPDEEdhABnESt 16n pirefdreaablrg sence
not nore than 5 mm Wen it exceeds 5 mm variations in the weight of
tabl ets cpfised kyciehdchthliyny duwrdimg phbhefli mpdragldehyder éasetidvance, a
[0072] Furthernore, powder or granule of the obtained resin

conposi t idirst20l 1ast el afedesdiimact abl et eailarebie i@yl diraaiEipher a bottoms
obt ai ned. As a device used for tablet nolding, a unitary or nultiple
rotary'tenﬁQdu@#é@@emﬁgfb%ams%ﬁ.uqﬁ@-shéﬁeaéglﬁﬁéntaﬁp@@eF§lﬁétblSPhen°l
particularly limted, but preferably used is a cylig%rical hape. The

t enpéPat Uf €% PHrHerOVaAlABr FEFLANGRENFLFONRENES Fﬁ@ngﬁFet 25
press is notgﬁi{t'cularly limted, but it is preferably not nore than

35 degrees ¢ hiade. When it exceeds 35 degrees centigrade, the

As the above acid catalyst, an acid catalyst known in the usual



43 so that there is the risk of deteriorating the flowability. The
tableting pressure is preferably in the range of 400 x 104 to 3,000 x
104 Pa. When the tableting pressure exceeds the above upper |imt,

there is the risk of causing breaking i meediately after tableting. 5
When the tableting pressure fails to satisfy the lower limt,

sufficient cohesive force is not obtained so that there is the risk

of breakid\gh s { 2R LSpABRL NG &RHVEY acsin The BBl gskal Gxapidiatlude
a pounder "and a nortar of the tablet press and the surface treatnent

are not pafdigadas | Yadidd t efhciKnewn gualfiun orakesiicl s hidreenlerisedacid,
and exanpl es of the surface treatnent include electric discharge,

coati ng qfhasplebeasiarg dgehbsphbabuggacpdldrshithg andet herdakec ddi@iBkuch
Next, the sem conductor device of the present invention will be 15

descri beds | n ordeict o praddlce afsemicondactict, devdrganbtai npdobphonate,
encapsul ating a sem conductor element with a cured product of the _

r esi nbcompus tiokndmgsehtepsal acidg disemhydndutiiitofantetpeedere; zinc
invention, for exanple, the resin conEosit[on for encapsulating a

seni cond®asia iRy Hec kel deachnke carddthy aiket di R§e26 Havhbg ¥ger gdther
transfer nol ding, conpression nolding, injection nolding . or the lik
after a I'dWH ¥rGiRl bF O o GOTPLBBA! BPoRT WHIR P TATER EoftiRct gmond these,
el enent is unted is aced in a,nold, cavity 0074] Exampl e f the
Sen conditOrS M iaHertoFs TES chbabitl ated PR het38cthor Bnaan,pecklte
device of_t.h resent_inventi .S (N art] ly _Li.ndted, and
exaaneSQ%ﬁﬁ e?i%ﬁe%ﬁ%&f E%@%t%gs?E?ﬁréebgggﬁg %ﬁf&gpated

circypts, trfﬁﬁgéﬁwars, thyristors, diodes, solid-state 44 inmge

sensing devices and the like. [0075] The shape of the

sem conduct of, daui 68 Pfohdien PLESERI A PMEALL Qhd $oRAk1BRNEGEY! BHé ¥eaction
limted, and exanples include a dual 1nline 5 package (DIP), a

plastic Ixpsded £ CafriefmbPh&ydea (ayadof baknpackege (FEPolar ratio)
| ow-profile quad flat package (LQFP), a small outline package (SOP),

a snmal |l aitd ine rebead poeckage rGS5Qbe, aaet hoh santicolskipel packade but it
(TSOP), a thin quad flat package (TQFP), a tape carrier package

(TCP), a baldgrefidmhlare ayhaBGNg Fa Pchiopagi zetid packagell{¢Sh) @l ndnge of
| i ke, but are not restricted thereto. [0076 The sem conduct or

devi d& of0 10 tpr dsénmolpeernidoihebrapatdopytenpapatnaei 4§ wn the range of
sem conductor elenment with a cured product of the resin conposition

for encapdlltét LR dEFees e SIUCiTRHY TR INBRE FRAAGL Rt hBBLSdEn 2 lowering
transfer nolding or the lLike is nounted any_el ectronic apparatus . .

wi thout Ut nESoFERPR elOLBpIFELdldy e n@] R HBS}8i Rabofpostt R deagtion
tenperature of about 8Q to 200 degrees centigrade_gver i 0 .
bbout 10 TRTEL 10 g BT COgRAeS s 2 et eatrRATafiLey ppione
a_coross-sgehl ol SLoYIctiLe b AD SXANRLES) Bospeandud ol dey) ce

using a resin conposition T0r encapsulating a sem conductor according

to tg@ prese ijyention. A sem conductor elenment 1 is fixed on a die
pad through a cured die bond material 2. An el ectrode pad of the

seni conduct ofh &| SBdmedt 1oR8d Metfdd df athErdl Bi k@RS nedh L IARE 1 ght
of a wwre 4. The sem conductor elenent 1 is encapsulated with a cured
product 6Gefdidel 1Bst Mok omPossdt i wrrf DeuB£al ¥ NUimi sedj cdonmtdustaipledt®f the
[ 0078] Fig. 2is aviewillustrating a cross-section structure of

an exanpl®i ofi Al abeesi deceadapeuliatéddse aitoosgictrare deatcd ligdiing ,a vacuum
resin conposition for encapsul ating a sem conductor according to 5

the presefitsthveation, #tsami dbatltiariencapdttheibikexedyn distillation
substrate 8 through a solder resist 7 and a cured die bond nmateri al

2. ArtSe| eexpoedupadi ofprpEeseiForduteiod elenehta ItARRCERt e gt less
pad on the substrate 8 are connected through the SOl%ﬁr resist 7 Qy
means of &R0 4e90BEY ePRtiPaRIBRhIPOh TRES SR ondudegregs centigrade.

When the distillation temperature herein is less than 50 degrees



20 for a sem conductor device obtained by encapsul ating a

sem conductor elenment with a tablet-like resin conposition for

encapsul ating a sem conductor, in particular, a sem conductor device

in which a thickness of the resin encapsaél ati on portion is thin and

the wire density is high, a sem conductor device with high 25 pin

count and reduction in pitches of wires, or a sem conductor device of

a struct wentohjadded dhe |aninatdmey pldiralitnatofors e a1, which is
chips. 46 EXAVPLES [0080] The present invention is nowillustrated

i n det ai Indielaw fdrndb5e rief efewceft oh&Exanpdest ivbeyvemhdrheher esapbrature
invention is not restricted to these Exanples. The m xi ng anount

bel ow i s eexquestse@Sh pgactrely nassiifhedeonpeneht sa usezhperdxanpl € not
and Conparative Exanples are as follows. [0081] 10The gel perneation

chr omat ogrrgiflarydre) betat e @ﬁr@@gora@@ﬂi‘slqnt oL5thaspireasdr agvonder resin
the follow ng conditions.6 m of tetrahydrofuran (THF) as the sol vent

was aédecﬁncdo @thgrr@rlea:%la@rﬁpwéewh?he fhevblic hositha, asmespheric
m xture , di ssol ved and used for the GPC neasurenent. As the
GPC syst ﬁér%t%% % b%%dt%%lﬁ@e ?@E@%sx%n%ﬁﬁé%v athg %éﬁlt&b’?emay

from Va TSK d col :

6 0 S?epefeﬁlgﬁfget%ﬁm% AN SRV a%aﬁagc%rq‘f%m%lf 3 Yon under
|

e L%p%e o AR b A R Y 1P (I opO el BERLIhrade

y ava Lo

Cor por at i.opy aqncalﬁy]?é)ss%Péfé r@”@ﬂ)@"}? EfEﬁ‘&t% hﬂdﬁénéﬁla): @%fn%%h%t may be

W2414 comrercl avai |l able from ters were seri al

connggt edenthifed kqQWhr 956d0éffb@lé>ﬂ8? Vasd @yor Ab/ ¥ Suuh e ddM @Bk 11ation
tenperature of the colum and differential refractoneter was set to

40 degr eemdeant teadnd@Rd chdeagurLneshpsphttiren as200j eet ezlsh r gy ees
100-pl injector for 25 the neasurenent. For analysis of the sanple,

cal i br at icemtcwneelpradiicedo bysshee us€ Bf 0a0npapdi:apersedcpabyakytrenE the
(hereinafter referred to as PS) standard sanple was used. The

cal i br at iggmeparly € ozdu b s( Dbt yndek yerphwd ivig i pddgarfitdimmewal @e, by
of the PS nol ecul ar weight and the PS peak detection tinme (retention
tine), arfdenBkioRgracombdingilan pd t5eRgatkabrentent e35itde eqlacpsponent
As the standard PS sanple for_producing a calibration curve, there

ver e lase@ivid@ ‘Ff!ﬁrlng fpeBklaofecunay Bei §AEre2se6e), S-1.3 (peak

m)l ecul ar \Aﬁlﬂg{g{ 1,310), S-2.0 (peak nol ecular weight: 1,990), S-3.0
(peak nol ec ei ght: 2, 970) 3-4.5 (peak nol ecul ar wei ght: 4,490),

o, 530) "5 11 pRSKHGI U Ar fﬁ%%fﬂe%%gf%ﬁ%%% PR RFELEY vesgne

i ecul ag, a%& 9800} c:Lh10f yh Shpdsashangar 4 S5
series CO rCIaPﬁi al %ﬁ % om h ygbqi E% f- 5 resin
Resin %15@1951 A&/ d re'%ltnegaﬁégﬁtfé/ldlgsﬁﬁl{?ékplln ﬁy%%@(\éolvent
resin 15 (YSL 80XY, commercially available from Tohto Kasel .

Ltd, Z@DO@h&QWeVébgﬂtLt133%%151’@[.15:[9”95p@&ﬂre@%tﬂ%@%@ﬁﬁe@r@'ﬁh‘r@r 69920 to 150
degrees centigrade at ordinary pressure or under pressure to
separate an aqueous phase and an organic phase by allowing to stand
or centrifugal separation, and to remove the aqueous phase out of
the system, whereby it is possible to reduce the low molecular

25 component dissolved in the aqueous phase, mainly the phenol monomer

component and the c=0 component of the general formula (2). By

these procedures, as a result, the amount of the c=1 component of



Epoxy resin 2: A bisphenol A type epoxy resin (YL6810, commercially
avai | abl e from Japan Epoxy Resin Co., Ltd., epoxy equivalent: 172,
melting point: 45 degrees centigrade) 20Epoxy resin 3. A tetranethyl

bi phenyl type epoxy resin (YX4000H, com@ércially available from Japan
Epoxy Resin Co., Ltd., epoxy equivalent: 185, nelting point: 107

degrees centigrade) Epoxy resin 4: An epoxy resin represented by the

f ol | owi n@heokled a(13)f el 120 Tarc (aresshiatdyledai | abl e from Toht o
Kasei 25 Co., Ltd, epoxy equivalent: 240, nelting point: 120 degrees
centigrade) [Bp3%Y resin 5: A phenol aral kyl type epoxy resin having a
48 bi phenyl ene skel eton (NC3000, commercially avail able from N ppon
Kayaku Co., Bbttthe adpmemesduionsicenethede £ sohtepilid ngote m3gad@reesight
centi grade) Epoxy resin 6: A dicyclopentadi ene type epoxy resin

( H27200L by5 exdmasttdical | o avenpabit SpoHeDEChesiper at il epbigility to a
equi val ent: 244, softening point: 56 Degrees centigrade) Epoxy

resi P 7: PRERSLNBSSHAFHHRRE N L YHRE o FHFE ST FREXARS 2 agoRret @idapignot
avai l abl e from DI C Corporation, epoxy equivalent: 251, softenin .

poi nt: 58°4EgfEes Centi é‘Pa&@PeP@Epéﬁsy}“FgrQ of. AAPBER{dr BSHPEFng?ﬁbﬁe or

type epoxy_resi roduct n : . YX8800, .comerciall vai |l ahl e .fr.om
Japan Ep8x9 ?@g?négﬁ}? %%ﬁngﬁﬂthFeﬁP;afsﬁ? hisih i%%g%éF%F39fﬁ§l or the
degr ees ig e 0 i roul a - 3

Curi g Agane SRt PESLIE RO ERLLES I B fited . henpddiblre g7 20
the foll oy g f l; Ve ' Y aVaj I

from 20 Gnar RO eS| Ry Gor Lrd " ohydrossl tourualner §h3ooure
sof t g nﬂopQé?Ei:aéé degsR88168eNtborase, plkosd ad AtreErl cameRReM phase by
63.8% content of conponent: 4.4% content of c=0 component: 7.4%
nunber awenagendplecwedndebghten832fugal sepa@ating,agaid 2o Pemove the
phenol novolac resin represented by the 25 follow ng general fornula -
(2) (VR-930ppoleonserlcicalt phavsa lcalll ef 4Bef sguithit, suheCebyi ¢&l $5 bossible
hydr oxyl equival ent: 104, softening point: 75.5 degrees centigrade,
content &b cehocsenporeniniold3medecodatremwe igh tc ommpmrant 3219941 cemnt ent the
of ¢=0 conponent: 7.7% nunber average nol ecular weight: 391) 5Curing
agent 3: AONPadEdT ERiPpedPlisd- a BYi these Pnaradwinderaaml gesult, the
condenser was charged m@}h 1,700 parts by mass of phenql and 350

par t § by 3HRES LoP I3 TRT ¢ifhl TP AN L CFArPS Bness dfdokaPFEChérd-

was added tqﬁrg% . Then, the m xture was reacted for 4 hours while

mai nt ai ni ng Ré%leacti on tenperature at 95 to 105 degrees 10

cent i gr ade, Jand, subseauentd o nestednup 40 480 Aa0rees. (EUI U AAE I 0L gne
carrying ouf Sy aRT ih i ST A Th et S pressuré reduction d%gree 0

5. 000 Payl (8IS UAraact et Blenol - apfaLiepe heahed WRr)0aélotor and a

degrees céntigra carrying out steamdistillTation wit e wat er

vapor CoRiaRle Hor2 HIMdL@inQ MESSAEE] T £0461H§08rde8E8€4 00 v160ANEBRed to
Pa, whereby a phenol novolac resin represented by the follow ng

genep@l ftordapardZdr{hydhoen! Leai walmddtilhtisoft eslognpdiniiedbdwdch a
degrees centigrade, content of c=1 conponent: 33.1% content of
conponentolibtifpereorieint Hftestalcpidponenin 391ld¥4onuoiies piienagenovolac
nmol ecul ar wei ght: 338) was obtained. 20Curing agent 4: A phenol

novol ac resiim repreesggitisztl bfrehetfiol $epangtgepefahneédy nal def2phydrofuran
(PR-HF-3, comrercially available from Sumtono Bakelite Co., Ltd.

hydr oxyl edg@infalientsuripiedofa eng firapbline: iB0egedReéeschanti gpamenitored,
content of c=1 conponent: 14.5% content of C>4 conponent: 46.5% )
cont ent @pdcgopéggﬁgﬁgﬁtj_:ned peak 1s detected. Thereafter, an extracting

25 solution is collected until it is varnished, whereby an arbitrary
molecular weight component may be collected.

[0037]



25 18.9% nunber average nol ecul ar wei ght: 437) Curing agent 5: A
synt hesis procedure was carried out in the sane manner as in the

synthesis of the curing agent 3, except that 80 50 parts by nass of
bi sphenol F (a special grade reagent, 424'-dihydroxydi phenyl net hane,
comercially available from Wko Pure Chem cal Industries, Ltd.) was
added into the systemafter the reaction, and the steamdistillation

t enper at ur epwas ;¢RaBged 3 cheemMédBodegregsneent i ghgdentomdlocdegressight
centigrade, whereby a phenol novolac resin represented by the

fol | owi ngygenerialy fier mata dadit i(duidnoy |1 et sd) erowdddr, sof t eaipgssible
point: 63.0 degrees centigrade, content of c=1 conponent: 21.3%

content @b BzAteolpoieino 2 4% taert enl ofmpofecionporkatomed®el¥ and c=0
nunber average 10 nol ecul ar wei ght; 333) was obtai ned. The

cont ent s cofupoespdéc bifveheofpomehes (2F bhechurigy cdgenpslymey subjgcted to
measured by gel permeation chromatography éGPC»,.the nunber average

mol ecll apolycgensad ite isot henbrgs porat of st @9id gefedied pAiTabpeenol
1, while gel perneation chromatography (GPO 15 charts of the curlng
agents 138Ad forReddedsiin i9¥ MQFMeEciEt RRABRAtTOCEAT oFREbF aphych are
(GPO) charts of the curing agents 3 to 5 were respectively sho in,_,
Figs. 4 PHPEeTE685[E CfemRIAICHHT miAH3]2oH %%%EE%?E}O%O gftraction,
[0086] [Table 1 Curing ent .1 r.ing agent Curi;ng agen ri.,ng
agent 4 BARCHE SGECTS SofLENTTG BN (O 67 5 5 84 g0 €a1ioved"d by
Hydroxylm%ﬂ%L%ﬁgﬁﬁﬁj&pépglhr&géty of these resins at a temperature of not

10 less than the melting point, or dissolving the resins in a solvent
for mixing and removing the sclvent under reduced pressure. In
this case, an individual resin alone may contain the c=1 component
and c24 component in the amount out of the above range.

[0038]

15 In the resin composition for encapsulating a semiconductor of
the present invention, other curing agents may be used together
in the ranges in which an effect by the use of the phenol resin
(Bl) is not damaged. Examples of the curing agent which may be
used together include a polyaddition type curing agent, a catalyst

20 type curing agent, a condensation type curing agent and the like.
Examples of the polyaddition type curing agent include polyamine
compounds containing dicyandiamide (DICY), organic dihydrazide
and the like; acid anhydrides containing alicyclic acid anhydride
such as hexahydrophthalic anhydride (HHPA}, methyl

25 tetrahydrophthalic anhydride (MTHPA) and the like, aromatic acid
anhydride such as trimellitic anhydride (TMA}, pyromellitic

anhydride (PMDA), benzophenonetetracarboxylic acid (BTDA) and the



104 104 104 104 Contents of respective conponents by GPO neasurenent
(area percentage [%) Unidentified | ow nol ecul ar wei ght conponent
<0.1 <0.1 <0.1<0.1<0.1C=07.47.719.418.9 32.1 C=163.8 43.1
33.1 14.5 21.3 C=2 17.3 11 24.2 11.1 1428 C3 7.1 6 11.5 8.9 10.1 4

10

15

20

25

like; phenol resin compounds such as a phenol aralkyl resin, a
dicyclopentadiene-modified phenol resin and the like;
polymercaptan compounds such as polysulfide, thioester, thiocether
and the like; isocyanate compounds such as isocyanate prepolymer,
blocked isocyanate and the like; and organic acids such as a
carboxylic acid-containing polyester resin and the like, in
addition to aliphatic polyamines such as diethylenetriamine (DETA),
triethylenetetramine (TETA), meta-xylenediamine (MXDA) and the
like, and aromatic polyamines such as diaminodiphenyl methane
(DDM) , m-phenylenediamine (MPDA), diaminodiphenyl sulfone (DDS)
and the like. As the curing agent which may be used together in
the resin composition for encapsulating a semiconductor of the
present invention, preferably used is a phenol resin type curing
agent from the viewpoint of a balance among flame resistance,
moisture resistance, electrical properties, curability, storage
stability and the like. Such a phenol resin type curing agent may
generally be monomers, oligomers or polymers having two or more
phenolic hydroxyl groups in one molecule. The molecular weight
and molecular structure thereof are not particularly limited, and
exanmples include novolac type resins such as a cresol noveolac resin
and the 1like; polyfunctional phenol resins such as a
triphenolmethane type phenol resin and the like; modified phenol
resins such as a terpene-modified phenol 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 naphtheol aralkyl resin having a

phenylene skeleton and/or a biphenylene skeleton and the like; and



4.4 32.1 11.7 46.5 22.4 Total 100 99.9 99.9 99.9 100 Nunber average
nmol ecul ar wei ght Wh [Dal 332 391 338 437 333 [0087] Inorganic Filler
5lnorganic filler 1: A blend of 100 parts by mass of fused spheri cal
silica, FB560 (comercially avail abl e fram Denki Kagaku Kogyo
Kabushi ki Kai sha, average particle dianeter: 30 pm, 6.5 parts by
mass of synthesized spherical silica, SO-C2 (commercially avail able

from Ad W%H_b%;ﬁl%ngl cgl'nggundgvﬁﬁé‘lgeasoﬁﬁgbﬁéﬁo@ ﬁ-ﬂ%ieéphglocgl_ 20 £ trandike.

7.5 parts mass o ynt hesi zed spherical silica, 'S

(commer cingldny avRidabl rdn AANPL 8ahs1i (0. of LE@rabavet agerparékahple, the
di aneter: 30 pn) was used. [0088] Curing accelerator 1: A

curing agGRIre:atlorefepresent ed bytidiephbnbol lmsing topaulkcar(ihg) ,agent is
[ Chemi cal Fornula 14] 52 [0089] Silane Coupling Agent Si | ane

coupl i ng pagehiralkil vy gty cliekox yytrapyd @ rd feq haxg sndaneot&BMR&A03250 g/eq.

commercially avail able from Shin-Etsu Chem cal Co., 5Ltd.) Si | ane

coupl §ng agd®032] y- nmer capt opropyl tri met hoxysil ane ( KBM 803,

comercially available from Shin-Etsu Chem cal Co., Ltd.)

Si | anecoupl iThgademes: ligiN- pheble-Blahiaoproby| ¢ F ithe AebRdi paRant of the

(KBM 573, commercially available from Shin-Etsu Chemcal Co., Ltd.)

[ 0090] C&VGHineyaggant (B) 1s not particularly limited, but it is preferably
not less than 0.8 % by mass and more preferably not less than 1.5 %
by mass, based on the total amount of the resin composition for

10 encapsulating a semiconductor. By setting the lower limit of the
mixing ratio within the above range, sufficient flowability may
be achieved. On the other hand, the upper limit of the mixing ratio
of the total amount of the curing agent (B) is not particularly
limited, but it is preferably not more than 10 % by mass and more

15 preferably not more than 8 % by mass, based on the total amount
of the resin composition for encapsulating a semiconductor. By
setting the upper limit of the mixing ratio within the above range,
excellent solder resistance may be achieved.

[0040]

20 Meanwhile, when the phenol resin type curing agent is used as
the curing agent (B), as the mixing ratio of the total epoxy resin
and the total phenol resin type curing agent, the equivalent ratio
(EP)}/ (OH) of the number of epoxy groups (EP) in the total amount
of the epoxy resin (A) to the number of phenolic hydroxyl groups

25 (OH) in the total amount of the phenol resin type curing agent is

preferably not less than 0.8 and not more than 1.3. By setting

the equivalent ratio within this range, sufficient curability may



Col oring agent 1: Carbon black (MA600, commercially available 15 from

M t subi shi Chem cal Corporation) [0091] Rel easing Agent

Rel easi ng agent 1. A carnauba wax (N kko Carnauba, commercially
avai l abl e from Ni kko Fine Products Co., 26td., nelting point: 83 20
degrees centigrade) [0092] Exanple 1 8.19 parts by mass of the epoxy
resin 1, 4.31 parts by mass of the curing agent 1, 86.5 parts by mass

of the inperoswtLihtd! urlingStRed RAdinPYofBIhOf réBenCWdntbsition for
accelerator 1, 0.1 part by nmass of the silane coupling agent 1, 0.05
parts by efRepsefl ddigissi bansewdephdingtagent Pur@hedmpaet s by mBITiolk the
the silane coupling agent 53 3, 0.3 parts by mass of the coloring

agent 1 esrthi@al epar traly omasshoh thes redregsi e cajdrint] pwyisé crilxedopéraies
normal tenperature using a mxer, nelt-kneaded with a hot roll at 85

to 100 degr eesecem iqpuradk, pstdwstic ety ibre solshebtedor m and cool ed, and
then 5 pulverized with a hammer m |, whereby a powdery resin
conpoai ti on [RA41dbt ai ned. The obtai ned resin conposition was used for

the evaluation in the foll ow ng nmanner. The eval uation results are
shown i n TaBRethe [eE33] COBBESLALCR 6%F enE8PAY'latiod pr 8sBiFenductor of

transfer | di ng machi ne (KTS-1 conmer ci al |, vai |l abl e from Koht aki,
Precisioﬁg%hgﬁﬁ &Gy LNV }prt%@epﬁﬁﬁéﬁyrFé&%nqég%pgéﬁt?oﬁe $ng point,
injected_into_a nold,. f.or asur.ing _a iral_flowin accorda i .
EVM - 1 6870 g8 R b onte o I PRt (e 2bfl 158 Sotlening
degr ees Lgrad Lnjecli p S u

appl i cat Foa e 5peTatEbECkEE CUEEF ddhlo ik R A0, feRbRaL EBomula
spi rf¢ Flow ks A parpaelelo fhed ekl |t Yar 30t A J 2kagk rselide i rkBeence
spiral flow neans better f?oma ilrty. The spiral flowis given in

units of 2@ RN TIELBASTL GIY prE@@4b1lahbetnd dabihnl 36 e dLebAtigrade
conposition was continuously tableted into 200 tablets at a tableting
pressur e a0fd 1Pe Rard¥ie Bl Ug hiogmbd Be R 30fdaysded c2htiejxglte .0lBylbegting
and a size of pl8 mm x hei ght of about 31 mm of the tablet using a
powder muheéi hgmpeessuls A0fAereonwestitdld ymedvdiricapbeéntr ofh tFaaregany resin
Machi nery Co., Ltd.). The nunber of 54 tablets with poor appearance
after taldPdti agdothbr skéhenahbepsimasotdirt ahennd agsiesd8d)byephesented
failure rate (% . Next, 100 of good tablets were packed in a

car dboar (E’Yb*ékéecﬁfeW@htfémﬂml%689/éfh'§ﬂ?@héf@agbﬁﬁé ralgen HCehlent tablet
hei ght of 30 cm_three tines, and then 5 appearance was observed an

d
the fail moeldfaféiiéi(t% Y & XA ng ltedts RAS Y SGnCeFaTtHogspCeribe the
Me t ' Sweepi t, The_tabl eted | at i .
Tt or | al BRES It SPRRIERTHe 00 TandrebEne. BY AP epey atlneYipldrgate
d t d f.6 i ' 1
seconds 151 i 1 g ML e Todirast nbrur 857 rlsh BECPEEREPg ko B8 mace

respect i \éﬁna (i,pﬁﬁ%aﬁﬁisof:oﬁ%a[%i.r@glq:k?a@%g%agﬁ%ﬁfgezé_JZ&? r#%‘i%&%ﬁafligtgge phenol

test of the W're sweeping anount (size;

framgg teslsigf L ¥e Qe AP q 1ByWhHe: Hanedahuld. Zom ks tl
| ength: 5 nﬁ). Q%@ h%?%e% %08-pinyCFP pé@ﬁgbes wer e %bse?vgh mftﬁrgmp o

sof t X-r g 1fd-woraseape f Marll: RMeatitg oI df thavaklkabl eohpeslition
YXLON | nternational Kabushi ki Kaisha). As a nmethod of cal culating the

W re sweepidigsagodasulthethveephagi aqofmt cofbdthecanh richd Rkadoxwasesdeptfter

cooling and the curing agent is improved. On the other hand, by

setting the melting point of the crystalline epoxy resin to be

25 exceedingly high, it is not sufficiently mixed with the curing

agent component without proceeding with melting rapidly. By

setting the melting point of the crystalline epoxy resin to be



20 (transforned) the nost in one package was taken as (F), and the

|l ength of the wire was taken as (L) to cal cul ate the sweepi ng anount
of F/L x 100 (%, and the nean value of 10 packages was shown in
Table 2. Incidentally, when the wire swespi ng anount was | ess than
5% it was acceptable. Wen it was not less than 5% it was not 25
acceptabl e. [0096] Exanples 2 to 17, Conparative Exanples 1 to 8 55

Accor di NG i LOr rﬂq]lrﬁatwm,s &Itﬂ-@@ﬁlﬁ}stﬁe @p@ﬁf fes@nl £6i Bag@Mposkited at a
was produced in the sane manner as in Exanple 1, and evaluated in the
sane mannew asempekbsanpke ds Bumpemaldiatborotiest| temposesitayn i is not
Tables 2, 3 and 4. Incidentally, in Exanples 5 2 and 3, two ki nds of
curing agerfifsi ayeyre: It enicezt | wi ol viaine eclacting diggnt oahtethat cobesnve force
Table 2, nelt-blended at 100 degrees centigrade and further

pul veri zégcaras tthenfdticdentavi prhosti e anslid irirxed $wibinmeenhtged during
normal tenperature using a mxer, and the foll ow ng procedure was the
sane és|h¢ﬁ§ﬂhﬁﬁ&ﬁqﬁgMMe?%%ylawﬁéwdém9tl@ﬂ%§h91%ﬁﬁﬁﬁ%}@goﬁokﬁg and the
obtained. Furthernmore, in Exanples 2 and 3 descrlbed in Table 2, with
respect ﬂ??%qﬁ?QuHQ%ﬂﬁrﬁfrﬁﬁ¢ﬁroﬁp?%% bﬁ%h%la?gsPF ?Blfuréﬁa gHgNt which

f th d 0]
of ot o diRes G T B (PR ST By & B7ha HeapRentin tEsin
Table 2, 't O spded A5, 400 degtees. gens! gradecand Luthghe and more
oin

pul veri zed, mheré% and e edt
oS g ) T TP 0030 Ll e XA pepk.?:ni:
Epoxygr ey theBsb?t8nkdBpdin®: 9245t BL mel EPQYYpd 8 o other epoxy resin
and other curing agent which are used together with the epoxy resin
(Al) and the phenol resin (Bl) is not particularly limited, but
it is preferably not more than 140 degrees centigrade and more
preferably not more than 125 degrees centigrade. By setting the
15 softening point and the melting point of other epoxy resin and other
curing agent which are used together with the epoxy resin (Al) and
the phenol resin (Bl) to be within the above ranges, there is Little
risk of causing failures such as poor appearance, damage and the
like of tablets due to incomplete melting of the resin during melt
20 kneading.

[0042]

The resin composition for encapsulating a semiconductoer of the
present invention may further contain an inorganic filler {(C). As
the inorganic filler (C) which may be used in the resin composition

25 for encapsulating a semiconductor of the present invention,
inorganic fillers which are generally used for the resin

composition for encapsulating a semiconductor may be used.
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Examples include fused silica, spherical silica, crystalline
sllica, alumina, silicon nitride, aluminum nitride and the like.
The particle diameter of the inorganic filler (C) is preferably
not less than 0.0l pm and not more than 150 pm in consideration
of filling properties into a mold cavity.

[0043]

The lower limit of the content of the inorganic filler (C)} is
preferably not less than 75 % by mass, more preferably not less
than 80 % by mass and particularly preferably not less than 83 %
by mass, based on the total amount of the resin composition for
encapsulating a semiconductor. By setting the lower limit of the
content of the inorganic filler (C) within the above range, the
resin composition for encapsulating a semiconductor exhibits
excellent tablet moldability, and achieves excellent soldering
crack resistance as physical properties of a cured product without
increasing the moisture content and lowering the strength. The
upper limit of the content of the inorganic filler (C) is preferably
not more than 93 % by mass, more preferably not more than 91 % by
mass, and particularly preferably not more than 90 % by mass, based
on the total amount of the resin composition for encapsulating a
semiconductor. By setting the upper limit of the content of the
inorganic filler (C) within the above range, excellent moldability
may be achieved without damaging the flowability.

[0044]

The resin composition for encapsulating a semiconductor of the
present invention may further contain a curing accelerator (D).

The curing accelerator (D) may be any compound which can accelerate
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a reaction between an epoxy group in the epoxy resin and a phenolic
hydroxyl group in a compound having two or more phenolic hydroxyl
groups, and may be selected from those curing accelerators commonly
used for the resin composition for encapsulating a semiconductor.
Specific examples include phosphorous-containing compounds such
as organic phosphine, a tetra-substituted phosphonium compound,
a phosphobetaine compound, an adduct of a phosphine compound and
a quinone compound, an adduct of a phosphonium compound and a silane
compound and the like; and nitrogen-containing compounds such as
1,8-diazabicyclo(5,4, 0)undecene-7, benzyldimethylamine,
2-methylimidazole and the like. Among these, preferably used are
phosphorous—containing compounds, and more preferably used are
catalysts having latency such as a tetra-substituted phosphonium
compound, a phosphobetaine compound, an adduct of a phosphine
compound and a guinone compound, and an adduct of a phosphonium
compound and a silane compound and the like, in view of a balance
between the flowability and curability. In consideration of the
flowability, particularly preferably used is a tetra-substituted
phosphonium compound. In consideration of low thermal time elastic
modulus of a cured product of the resin composition for
encapsulating a semiconductor, particularly preferably used are
a phosphobetaine compound, and an adduct of a phosphine compound
and a guinone compound. Furthermore, in consideration of the
latent curability, particularly preferably used is an adduct of
a phosphonium compound and a silane compound.
[0045]

Examples of the organic phosphines which may be used for the
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resin composition for encapsulating a semiconductor of the present
invention include primary phosphines such as ethylphosphine,
phenylphosphine and the 1like; secondary phosphines such as
dimethylphosphine, diphenylphosphine and the like; and tertiary
phosphines such as trimethylphosphine, triethylphosphine,
tributylphosphine, triphenylphosphine and the like.

[0046]

Examples of the tetra-substituted phosphonium compound which
may be used in the resin composition for encapsulating a
semiconductor of the present invention include compounds
represented by the following general formula (4),

[0047]

[Chemical Formula 6]

ﬁa +
RS _!]:’_‘R7 [A]Y [AH]Z (a)
R6 X

wherein, in the above general formula (4), P represents a
phosphorus atom; R4, R5, R6 and R7 each independently represent
an aromatic group or an alkyl group; A represents an anion of an
aromatic organic acid in which at least one functional group
selected from a hydroxyl group, a carboxyl group and a thiol group
is bonded to an aromatic ring; AH represents an aromatic organic
acid in which at least one functional group selected from a hydroxyl
group, 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.

[0048]
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The compound represented by the general formula (4) is obtained,
for example, in the fecllowing 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 in
the solution system. Subsequently, when water is added to the
solution, the compound represented by the general formula (4) may
be precipitated. In the compound represented by the general
formula (4), R4, R5, R6 and R7 bonded to a phosphorus atom are each
preferably a phenyl group, and AH is preferably a compound in which
a hydroxyl group is bonded tc an aromatic ring, namely, a phenol
compound, and A is preferably an anion of the phenol compound.

[0049]

Examples of the phosphobetaine compound which may be used for
the resin composition for encapsulating a semiconductor of the
present invention include compounds represented by the following
general formula (5),

[Chemical Formula 7]

X1 . o
? ()

(‘:’1)&r

wherein, in the above general formula (5), X1 represents an alkyl
group having 1 to 3 carbon atoms; Y1 represents a hydroxyl group:
f is an integer of 0 to 5; and g is an integer of 0 to 3.

[0050]

The compound represented by the general formula (5) is obtained,

for example, in the following manner. First, it is obtained through
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a step in which a triaromatic-substituted phosphine, which is a
tertiary phosphine, is brought into contact with a diazonium salt
to substitute the triaromatic-substituted phosphine and a
diazonium group of the diazonium salt. However, the method is not
limited to this.

[0051]

Examples of the adduct of a phosphine compound and a guinone
compound which may be used in the resin composition for
encapsulating a semiconductor of the present invention include
compounds represented by the following general formula (6).

[Chemical Formula 8]

T 1
R11
RO “'T+ (6)
R10 R13 R12
OH

Iin the above general formula (6), P represents a phosphorus atom;
R8, R9 and R10 each independently represent an alkyl group having
1 to 12 carbon atoms or an aryl group having 6 to 12, which may
be the same or different from each other; R11, R1Z2 and R13 each
independently 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 R1l and R1Z may be bonded to each other to
form a ring.

[0052]

Preferable examples of the phosphine compound used for the
adduct of a phosphine compound and a gquinone compound include
unsubstituted aromatic ring-containing phosphines such as

triphenylphosphine, tris(alkylphenyl)phosphine,
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tris (alkoxyphenyl)phosphine, trinaphthylphosphine,
tris{(benzyl)phosphine and the like; and phosphines containing an
aromatic ring substituted with an alkyl group or an alkoxy group.
Examples of the alkyl group and the alkoxy group include alkyl
groups having 1 to 6 carbon atoms and alkoxy groups having 1 to
& carbon atoms. From the viewpoint of availability,
triphenylphosphine is preferred.

[0053]

Examples of the quinone compound used for the adduct of a
phosphine compound and a quinone compound include o-benzoquinone,
p-benzoquinone and anthraquinones. Among these, p-benzoquinone
is preferred from the viewpoint of storage stability.

[0054]

In a method of producing an adduct of a phesphine compound and
a guinone compound, an organic tertiary phosphine is brought into
contact with a benzoguinone in a solvent that can dissolve both
the organic tertiary phosphine and the benzoquinone, 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 include
ketones such as acetone, methyl ethyl ketone and the like, but are
not limited thereto.

[0055]

In the compound represented by the general formula (6), each of
R8, RY9 and R10, all of which are bonded to a phosphorus atom, is
a phenyl group, and each of R11, R12 and R13 is a hydrogen atom.
That 1is, a compound produced by adding 1,4-benzogquinone to

triphenylphosphine is preferable because the compound decreases
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the thermal time elastic modulus of a cured product of the resin
composition for encapsulating a semiconductor.

[0056]

Examples of the adduct of a phosphonium compound and a silane
compound which may be wused in the resin composition for
encapsulating a semiconductor of the present invention include
compounds represented by the following general formula (7).

[Chemical Formula 9]

+ —_
R15 Z1
| -
Ri4—P —R16 Y2 —Si—Y
X2 //\\ X3
R17 ~v3 Y5

In the above general formula (7), P represents a phosphorus atom;
S8i represents a silicon atom; R14, R15, RI16 and R17 each
independently represent an organic group having an aromatic ring
or a heterocyclic ring, ox an aliphatic group, which may be the
same or different from each other; X2 in the formula is an organic
group that bonds group Y2 to group Y3; X3 in the formula is an
organic group that bonds group Y4 to group ¥5; Y2 and Y3 each
represent a group formed by release of a proton from a
proton-donating group, and group Y2 and group Y3 in the same
molecule are linked with the silicon atom to form a chelate
structure; Y4 and Y5 each represent a group formed by release of
a proton from a proton-donating group, and group ¥4 and group Y5
in the same molecule are linked with the silicon atom to form a
chelate structure; X2 and X3 may be the same or different from each
other; Y2, Y3, Y4 and Y5 may be the same or different from each

other; and Z1 is an organic group having an arocmatic ring or a
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heterocyclic ring, or an aliphatic group.

[0057]

Examples of R14, R15, R16 and R17 in the general formula (7)
include a phenyl group, a methylphenyl group, a methoxyphenyl group,
a hydroxyphenyl group, a naphthyl 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, a
methylphenyl group, a methoxyphenyl group, a hydroxyphenyl group,
a hydroxynaphthyl group or the like.

[0058]

Furthermore, in the general formula (7), X2 is an organic group
that bonds group Y2 to group Y3. Similarly, X3 is an organic group
that bonds group Y4 to group ¥5. Y2 and Y3 are each a group formed
by release of a proton from a proton-donating group, and group Y2
and group Y3 in the same molecule are linked with the silicon atom
to form a chelate structure. Similarly, Y4 and Y5 are each a group
formed by release of a proton from a proton-donating group, and
group Y4 and group Y5 in the same molecule are linked with 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 each
other. The group represented by -Y2-X2-Y¥3- and the group
represented by -~Y4-X3-Y5- in the general formula (7) are each a
group formed by release of two protons from a proton donor.

Examples of the proton donor include catechol, pyrogallol,
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1l,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene,
2,2'-biphenol, 1,1'"-bi-2-naphthol, salicylic acid,
l-hydroxy-Z-naphthoic acid, 3-hydroxy-2-naphthoic acid,
chloraniliec acid, tannic acid, 2-hydroxybenzyl alcohol,
1l,2-cyclohexanediol, 1,2-propanediol, glycerin and the Ilike.
Among these, more preferably used are catechol,
1,2-dihydroxynaphthalene and 2, 3-dihydroxynaphthalene.

[0059]

Furthermore, Z1 in the general formula (7) 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 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 reactive
substituents such as a glycidyloxypropyl group, a mercaptopropyl
group, an aminopropyl group, a vinyl group and the like. Among
these, more preferably used are a methyl group, an ethyl group,
a phenyl group, a naphthyl group and a biphenyl group from the
viewpoint of thermal stability.

[0060]

As a method of 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
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prepared by dissolving a tetra—-substituted phosphonium halide such
as tetraphenyl phosphonium bromide in methanol in advance is added
dropwise to the resulting reaction product under stirring at room
temperature to precipitate crystals. When the precipitated
crystals are filtered, washed with water, and then dried in vacuum,
an adduct of a phosphonium compound and a silane compound is
obtained. However, the methed is not limited to this.

[0061]

The mixing ratio of the curing accelerator (D) which may be used
for the resin composition for encapsulating a semiconductor of the
present invention is more preferably not less than 0.1% by mass
and not more than 1 % by mass, based on the total amount of the
resin composition. By setting the mixing ratio of the curing
accelerator (D) within the above range, sufficient curability may
be achieved. Furthermore, by setting the mixing ratio of the curing
accelerator (D) within the above range, sufficient flowability may
be achieved.

[0062]

In the present invention, a compound (E) in which a hydroxyl
group is bonded to each of two or more adjacent carbon atoms
constituting an aromatic ring may be further used. The compound
(E) in which a hydroxyl group is bonded to each of two or more
adjacent carbon atoms constituting an aromatic ring (hereinafter
referred to as the compound (E)) is used as a curing accelerator
for accelerating a crosslinking reaction between the epoxy resin
{3) and the curing agent (B). Thus, even if a phosphorus-containing

curing accelerator without having latency is used, the reaction
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of the resin composition during the melt kneading may be suppressed
with the use of the compound (E), so that a stabilized resin
composition for encapsulating a semiconductor can be obtained.
Furthermore, the compound (E) also has an effect of decreasing the
melt viscosity of the resin composition for encapsulating a
semiconductor and increasing the flowability. Examples of the
compound (E) include a monocyclic compound represented by the
following general formula (8), a polycyclic compound represented
by the following general formula (9) and the like, and these
compounds may have a substituent other than a hydroxyl group.
[0063]

[Chemical Formula 10]

OH

R R1
22 & (8)

R21 R19
R20
In the above general formula (8), any one of R18 and R22 is a
hydroxyl group, on condition that one of R18 and R22 is a hydroxyl
group, the other is a hydrogen atom, a hydroxyl group or a
substituent other than a hydroxyl group; and R19, R20 and R21 are
each a hydrogen atom, a hydroxyl group or a substituent other than
a hydroxyl group.
[0064]
[Chemical Formula 11]
R23 R24
HO R25
R2g CO R26

R28 R27

(2
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In the above general formula (9}, any one of R23 and R29 is a
hydroxyl group, on condition that one of R23 and R29 is a hydroxyl
group, the other 1s a hydrogen atom, a hydroxyl group or a
substituent other than a hydroxyl group; and R24, R25, R26, R27
and R28 are each a hydrogen atom, a hydroxyl group or a substituent
other than a hydroxyl group.

[0065]

Concrete examples of the monocyclic compound represented by the
general formula (8) include catechol, pyrogallol, gallic acid,
gallic acld esters and their derivatives. Concrete examples of
the polycyclic compound represented by the general formula (9)
inciude 1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene and
their derivatives. Among these, from the viewpoint of ease of
control of flowability and curability, preferably used 1is a
compound in which a hydroxyl group is bonded to each of two or more
adjacent carbon atoms constituting an aromatic ring. Furthermore,
in consideration of volatilization in a step of kneading, more
preferably used is a compound having, as a mother nucleus, a
naphthalene ring, which has low volatility and high weighing
stability. 1In this case, the compound (E) may be specifically,
for example, a compound having a naphthalene ring such as
1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene and their
derivatives. These compounds (E) may be used either individually
or may be used in combination of two or more kinds.

[0066]

The mixing ratio of the compound (E) is preferably not less than

0.01 % by mass and not more than 1 % by mass, more preferably not
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than 0.5 % by mass, based on the total amount of the resin
composition for encapsulating a semiconductor. By setting the
lower limit of the mixing ratioc of the compound (E} within the above
range, a resin composition for encapsulating a semiconductor with
an effect of improving sufficient low viscosity and flowability
can be obtained. By setting the upper limit of the mixing ratio
of the compound (E) within the above range, there is little risk
of causing deterioration in the curability and deterioration in
physical properties of a cured product of the resin composition
for encapsulating a semiconductor.

[0067]

In the resin composition for encapsulating a semiconductor of
the present invention, for the purpose of improving adhesion
between the epoxy resin (A) and the inorganic filler (C), an
adhesion auxiliary agent (F) such as a silane coupling agent or
the 1like may be further added. The coupling agent 1is not
particularly limited, and examples thereof include epoxysilane,
aminosilane, ureidosilane, mercaptosilane and the like. The
adhesion auxiliary agent (F) may be good as long as it reacts
between the epoxy resin and the inorganic filler to improve the
interfacial strength between the epoxy resin and the inorganic
filler. Furthermore, when the silane coupling agent may be used
together with the above-stated compound (E), the compound (E)
reduces the melt viscosity of the resin composition for

encapsulating a semiconductor and improves the flowability by the
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synergic effect with the coupling agent.

[0068]

Concrete examples of the epoxysilane include
v-glycidoxypropyltriethoxysilane,
v~glycidoxypropyltrimethoxysilane,
v—-glycidoxypropylmethyldimethoxysilane,

B~ (3, d-epoxycyclohexyl)ethyltrimethoxysilane and the like.
Examples of the aminosilane include y-aminopropyltriethoxysilane,
yv-aminopropyltrimethoxysilane,

N-B (aminoethyl)y—aminopropyltrimethoxysilane,

N-f {aminoethyl)y—aminopropylmethyldimethoxysilane,
N-phenyly-aminopropyltriethoxysilane,
N-phenyly—aminopropyltrimethoxysilane,

N-B (aminoethyl)y—-aminopropyltriethoxysilane,

N-6- (aminochexyl) 3-aminopropyltrimethoxysilane,

N- (3-(trimethoxysilylpropyl) -1, 3-benzenedimethanane and the like.
Examples of the ureidosilane include
v-ureldopropyltriethoxysilane, hexamethyldisilazane and the like.
Examples of the mercaptosilane include
v-mercaptopropyltrimethoxysilane and the 1like. These silane
coupling agents may be used either individually or in combination
of two or more kinds.

[0069]

The mixing ratio of the adhesion auxiliary agent (F) such as a
silane coupling agent or the like which may be used for the resin
composition for encapsulating a semiconductor of the present

invention is preferably not less than 0.01 % by mass and not more
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than 1 % by mass, more preferably not less than 0.05 % by mass and
not more than 0.8 % by mass, and particularly preferably not less
than 0.1 % by mass and not more than 0.6 % by mass, based on the
total amount of the resin composition. By setting the mixing ratio
of the adhesion auxiliary agent (F) such as a silane coupling agent
or the like to be not less than the above lower limit, excellent
soldering crack resistance in the semiconductor device may be
achieved without lowering the interfacial strength between the
epoxy resin and the inorganic filler. Furthermore, by setting the
mixing ratioc of the adhesion auxiliary agent (F) such as a silane
coupling agent or the like to be within the above range, excellent
soldering crack resistance in the semiconductor device may be
achieved without increasing moisture absorption of the cured
product of the resin composition.

[0070]

The resin composition for encapsulating a semiconductor of the
present inventicn, in addition to the aforementioned components,
may further properly contain additives, for example, a coloring
agent such as carbon black, bengala, titanium oxide or the like;
a releasing agent such as natural wax, for example, carnauba wax
or the like, synthetic wax, for example, polyethylene wax or the
like, higher fatty acid and metal salt therecf, for example,
stearic acid, zinc stearate or the like, or paraffin; a low-stress
additive such as silicon oil, silicon rubber or the like; an
inorganic lon-exchanger such as bismuth oxide hydrate or the like;
metal hydroxide such as aluminum hydroxide, magnesium hydroxide

or the like; and a flame retardant such as zinc borate, =zinc
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molybdate, phosphazene, antimony trioxide or the like.

(0071]

The method for producing a resin composition for encapsulating
a semiconductor of the present invention is not particularly
limited, but the aforementioned components and other additives are
mixed in a predetermined amount. The mixture is homogeneously
pulverized and mixed at a normal temperature using, for example,
a mixer, a jet mill, a ball mill or the like, and thereafter the
homogenous mixture is melt-kneaded using a kneading machine such
as a hot roll, a kneader or an extruder, while heating the resin
composition to about 90 to 120 degrees centigrade. The previously
kneaded resin composition is cooled and pulverized, whereby a
granular or powdery resin composition can be obtained. The
particle size of powder or granule of the resin composition is
preferably not more than 5 mm. When it exceeds 5 mm, variations
in the weight of tablets caused by bad filling during tableting
may be increased.

[0072]

Furthermore, powder or granule of the obtained resin composition
is molded into tablets, whereby tablets can be obtained. As a
device used for tablet molding, a unitary or multiple rotary tablet
press may be used. The shape of the tablet is not particularly
limited, but preferably used is a cylindrical shape. The
temperature of a pounder, a mortar and environment of the tablet
press is not particularly limited, but it is preferably not more
than 35 degrees centigrade. When it exceeds 35 degrees centigrade,

the viscosity of the resin composition is increased by the reaction,
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so that there is the risk of deteriorating the flowabkility. The
tableting pressure is preferably in the range of 400 x 10* to 3,000
x 1.0% Pa. When the tableting pressure exceeds the above upper limit,
there is the risk of causing breaking immediately after tableting.
When the tableting pressure fails to satisfy the lower limit,
sufficient cohesive force is not obtained so that there is the risk
of breaking the tablets during conveyance. The material of a mold
of a pounder and a mortar of the tablet press and the surface
treatment are not particularly limited. Known quality materials
may be used and examples of the surface treatment include electric
discharge, coating of a releasing agent, plating, polishing and
the like.

[0073]

Next, the semiconductor device of the present invention will be
described. In order to produce a semiconductor device obtained
by encapsulating a semiconductor element with a cured product of
the resin composition for encapsulating a semiconductor of the
present invention, for example, the resin composition for
encapsulating a semiconductor may be molded and cured by a molding
method such as transfer molding, compression moldiﬁg, injection
molding or the like, after a lead frame oxr a circult board on which
a semiconductor element is mounted is placed in a mold cavity.

[0074]

Examples of the semiconductor element to be encapsulated in the
semiconductor device of the present invention is not particularly
limited, and examples include integrated circuits, large scale

integrated circuits, transistors, thyristors, diodes, solid-state
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image sensing devices and the like.

[0075]

The shape of the semiconductor device of the present invention
is not particularly limited, and examples include a dual inline
package (DIP), a plastic leaded chip carrier (PLCC), a quad flat
package (QFP), a low-profile quad flat package (LQFP), a small
outline package {SOP), a small outline J-lead package (S0J}, a thin
small outline package (TSOP), a thin quad flat package (TQFP), a
tape carrier package (TCP}, a ball grid array (BGA), a chip size
package (CSP) and the like, but are not restricted thereto.

[0076]

The semiconductor device of the present invention obtained by
encapsulating a semiconductor element with a cured product of the
resin composition for encapsulating a semiconductor by a molding
method such as transfer molding or the like is mounted on any
electronic apparatus 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.

[0077]

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 means of a wire 4. The
semiconductor element 1 is encapsulated with a cured product 6 of

the resin composition for sealing a semiconductor.
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{0078]

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. A semiconductor element 1 is fixed on a
substrate 8 through a solder resist 7 and a cured die'bondxnatefial
2. An electrode pad of the semiconductor element 1 and an electrode
pad on the substrate 8 are connected thrcough the solder resist 7
by means of a wire 4. Only one side on which the semiconductor
element 1 of the substrate 8 is mounted is encapsulated with a cured
product 6 of the resin composition for encapsulating. 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.

[0079]

According to the present invention, a resin composition for
encapsulating a semiconductor excellent in the flowability and
moldability during molding of a package can be obtained without
damaging the tablet moldability. Thus, it can be suitably used
for a semiconductor device obtained by encapsulating a
semiconductor element with a tablet-like resin composition for
encapsulating a semiconductor, in particular, a semiconductor
device in which a thickness of the resin encapsulation portion is
thin and the wire density is high, a semiconductor device with high
pin count and reduction in pitches of wires, or a semiconductor
device of a structure obtained by laminating a plurality of

semiconductor chips.
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EXAMPLES

[0080]

The present invention is now illustrated in detail below with
reference to Examples. However, the present invention is not
restricted to these Examples. The mixing amount below is expressed
in part by mass. The components used in Examples and Comparative
Examples are as follows.

[0081]

The gel permeation chromatography (GPC} of the curing agents 1
to 5 was measured under the following conditions. 6 ml of
tetrahydrofuran (THF) as the solvent was added to 20 mg of a sample
of the phenol novolac resin 1, and the mixture was fully dissolved
and used for the GPC measurement. As the GPC system, there was
used Module W2685 x 1 commercially available from Waters, TSK Guard
Column HHR-L x 1 (a guard column, diameter: 6.0 mm, pipe length:
40 mm) commercially available from Tosoh Corporation, TSK-GEL
GMHHR-L x 2 (a polystyrene gel column, diameter: 7.8 mm, pipe
length: 30 mm) commercially available from Toscoh Corporation and
a differential refractive index (RI) detector W2414 commercially
available from Waters which were serially connected. The flow rate
of the pump was 0.5 ml/min, the internal temperature of the column
and differential refractometer was set to 40 degrees centigrade,
and a measurement solution was injected from a 100-pl injector for
the measurement. For 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
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was obtained by plotting the logarithmic value of the PS molecular
weight and the PS peak detection time (retention time), and making
a straight line using a cubic regression equation. As the standard
PS sample for producing a calibration curve, there were used Model
8-1.0 (peak molecular weight: 1,060), S-1.3 (peak molecular
weight: 1,310), S-2.0 (peak molecular weight: 1,990), $-3.0 (peak
molecular weight: 2,970), S-4.5 (peak molecular weight: 4,490},
S-5.0 (peak molecular weight: 5,030), 5-6.9 (peak molecular
weight: 6,930), S-11 (peak molecular weight: 10,700) and 8-20 (peak
molecular weight: 19,900), all of which were Shodex standard SL-105
series commercially available from Showa Denko K.K.

[0082]

Epoxy Resin

Epoxy resin 1: A tetramethyl bisphenol F type epoxy resin
(YSLV-80XY, commercially available from Tohto Kasei Co., Ltd,
epoxy equivalent: 190, melting point: 80 degrees centigrade)

Epoxy resin 2: A bisphenol A type epoxy resin (YL6810,
commercially available from Japan Epoxy Resin Co., Ltd., epoxy
equivalent: 172, melting point: 45 degrees centigrade)

Epoxy resin 3: A tetramethyl biphenyl type epoxy resin (YX4000H,
commercially available from Japan Epoxy Resin Co., Ltd., epoxy
equivalent: 185, melting point: 107 degrees centigrade)

Epoxy resin 4: An epoxy resin represented by the following
formula (3) (YSLV-120TE, commercially available from Tohto Kasei
Co., Ltd, epoxy equivalent: 240, melting point: 120 degrees
centigrade)

Epoxy resin 5: A phenol aralkyl type epoxy resin having a
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biphenylene skeleton (NC3000, commercially available from Nippon
Kayaku Co., Ltd., epoxy equivalent: 276, softening point: 58
degrees centigrade)

Epoxy resin 6: A dicyclopentadiene type epoxy resin (HP7200L,
commercially available from DIC Corporation, epoxy equivalent: 244,
softening point: 56 Degrees centigrade)

Epoxy resin 7: A.methoxynaphthalene type epoxy resin (EXA7320,
commercially available from DIC Corporation, epoxy equivalent: 251,
softening point: 58 degrees centigrade)

Epoxy resin 8: A dihydroanthraquinone type epoxy resin (product
name: YX8800, commercially available from Japan Epoxy Resin Co.,
Ltd., equivalent: 180, melting point: 110 degrees centigrade)

[0083]

[Chemical Formula 12]

?\/O%?‘SAQ%OW (3}

[0084]

Curing Agent

Curing agent 1: A phenol novolac resin represented by the
following general formula (2) (LV-70S, commercially available from
Gunei Chemical Industry Co., Ltd., hydroxyl equivalent: 104,
softening point: 67 degrees centigrade, content of c=1l component:
63.8%, content of C24 component: 4.4%, content of ¢=0 component:
7.4%, number average molecular weight: 332)

Curing agent 2: A phenol novolac resin represented by the

following general formula (2) (VR-9305, commercially available
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from Mitsui Chemicals, Inc., hydroxyl equivalent: 104, softening
point: 75.5 degrees centigrade, content of c=1 component: 43.1%,
content of C24 component: 32.1%, content of c=0 component: 7.7%,
number average molecular weight: 391)

Curing agent 3: A reactor equipped with a stirrer, a thermometer
and a condenser was charged with 1,700 parts by mass of phenol and
350 parts by mass of 37% formalin, and 17 parts by mass of oxalic
acid was added thereto. Then, the mixture was reacted for 4 hours
while maintaining the reaction temperature at 95 to 105 degrees
centigrade, and subsequently heated up to 180 degrees centigrade
for carrying out vacuum distillation at a pressure reduction degree
of 5,000 Pa to remove unreacted phenol, and then heated up to 230
degrees centigrade for carrying out steam distillation with the
water vapor content of 2 g/min at a pressure reduction degree of
5,000 Pa, whereby a phenol novolac resin represented by the
following general formula (2) (hydroxyl equivalent: 104, softening
point: 64.4 degrees centigrade, content of c=1 component: 33.1%,
content of C24 component: 11.7%, content of ¢=0 component: 19.4%,
number average molecular weight: 338} was obtained.

Curing agent 4: A phenol novolac resin represented by the
following general formula (2) (PR-HF-3, commercially available
from Sumitomo Bakelite Co., Ltd., hydroxyl equivalent: 104,
softening ?oint: 80 degrees centigrade, content of c¢=1 component:
14.5%, content of C24 component: 46.5%, content of c=0 component:
18.9%, number average molecular weight: 437}

Curing agent 5: A synthesis procedure was carried out in the same

manner as in the synthesis of the curing agent 3, except that 80
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parts by mass of bisphenol F (a special grade reagent,
4,4'-dihydroxydiphenylmethane, commercially available from Wako
Pure Chemical Industries, Ltd.) was added into the system after
the reaction, and the steam distillation temperature was changed
from 230 degrees centigrade to 215 degrees centigrade, whereby a
phenol novolac resin represented by the following general formula
(2) (hydroxyl equivalent: 104, softening point: 63.0 degrees
centigrade, content of ¢=1 component: 21.3%, content of C24
component: 22.4%, content of c¢=0 component: 32.1%, number average
molecular weight; 333) was obtained.

The contents of respective components of the curing agents 1 to
5, as measured by gel permeation chromatography (GPC), the number
average molecular weights and the softening points were
illustrated in Table 1, while gel permeation chromatography (GPC)
charts of the curing agents 1 and 2 were shown in Fig. 3. Gel
permeation chromatography (GPC) charts of the curing agents 3 to
5 were respectively shown in Figs. 4 to 6.

[0085]

[Chemical Formula 13]
OH OH H

CH, CH;; (2)
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[0086]
[Table 1]
Curing Curing Curing Curing Curing
agent 1 agent 2 agent 3 agent 4 agent 5
Softening point (°C) 67 75.5 6d.4 80 63
Hydroxyl equivalent 104 104 104 104 104

(g/eq.)

Contents of respective components by GPC measurement {area percentage [%])

Unidentified low

molecular weight <0.1 <0.1 <0.1 <0.1 <0.1
component

C=0 7.4 7.7 19.4 18.9 32.1

Cc=1 63.8 43.1 33.1 14.5 21.3

C=2 17.3 11 24.2 11.1 14.1

C=3 7.1 6 11.5 8.9 10.1

cz4 4.4 32.1 11.7 46.5 22,4

Total 100 99.9 99.9 99.9 100

Number average
molecular weight Mn
[Da]

391 338 437 333

[0087]
Inorganic Filler
Inorganic filler 1: A blend of 100 parts by mass of fused
spherical silica, FB560 (commercially available from Denki Kagaku
Kogyo Kabushiki Kaisha, average particle diameter: 30 um), 6.5
parts by mass of synthesized spherical silica, S0-C2 (commercially
available from Admatechs Co., Ltd., average particle diameter: 0.5
um), and 7.5 parts by mass of synthesized spherical silica, 5S0-C5
(commercially available from Admatechs Co., Ltd., average particle
diameter: 30 um) was used.

[0088]

Curing accelerator 1: A curing accelerator represented by the
following formula (10),
[Chemical Formula 14]

Nisselwsel

(10)
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[0089]

Silane Coupling Agent

Silane coupling agent 1: vy-glycidoxypropyltrimethoxysilane
(KBM-403, commercially available from Shin-Etsu Chemical Co.,
Ltd.)

Silane coupling agent 2: y-mercaptopropyltrimethoxysilane
(KBM-803, commercially available from Shin-Etsu Chemical Co.,
Ltd.)

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

[0090]

Coloring Agent

Coloring agent 1: Carbon black (MA600, commercially available
from Mitsubishi Chemical Corporation)

[00911}

Releasing Agent

Releasing agent 1: A carnauba wax (Nikko Carnauba, commercially
available from Nikko Fine Products Co., Ltd., melting point: 83
degrees centigrade)

[00921]

Example 1

8.19 parts by mass of the epoxy resin 1, 4.31 parts by mass of
the curing agent 1, 86.5 parts by mass of the inorganic filler 1,
0.4 parts by mass of the curing accelerator 1, 0.1 part by mass
of the silane coupling agent 1, 0.05 parts by mass of the silane

coupling agent 2, 0.05 parts by mass of the silane coupling agent
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3, 0.3 parts by mass of the coloring agent 1 and 0.1 part by mass
of the releasing agent 1 were mixed at a normal temperature using
a mixer, melt-kneaded with a hot roll at 85 to 100 degrees
centigrade, stretched in a sheet form and cocled, and then
pulverized with a hammer mill, whereby a powdery resin composition
was obtained. The cbtained resin composition was used for the
evaluation in the following manner. The evaluation results are
shown in Table 2.

[0093]

Spiral Flow

Using a low-pressure transfer molding machine (KTS-15,
commercially available from Kohtaki Precision Machine Co., Ltd.),
the powdery resin composition was injected into a mold for
measuring a spiral flow in accordance with EMMI-1-66 under the
conditions of a mold temperature of 175 degrees centigrade, an
injection pressure of 6.9 MPa and a pressure application time of
120 seconds to deterxmine a flow length. The spiral flow is a
parameter of flowability, and a larger value of the spiral flow
means better flowability. The spiral flow is given in units of
centimeters (cm).

{0094]

Tablet Moldability

The resin composition was continuocusly tableted into 200 tablets
at a tableting pressure of 600 Pa by adjusting to have a finished
weight of 15 g and a size of ¢l1l8 mm x height of about 31 mm of the
tablet using a powder molding press (S-20-A, commercially

available from Tamagawa Machinery Co., Ltd.). The number of
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tablets with poor appearance after tableting or broken tablets was
counted and expressed by the failure rate (%). Next, 100 of good
tablets were packed in a cardboard box of an interior polyethylene
bag and fallen from a height of 30 cm three times, and then
appearance was observed and the failure rate (%) after the falling
test was counted.

[0095]

Measurement of Wire Sweeping Amount

The tableted encapsulating material was injected under the
conditions of a temperature of 175 degrees centigrade, a pressure
of 6.9 MPa, and a time period of 120 seconds using a low-pressure
transfer molding machine to mold respective 10 packages of 208-pin
QFP packages for the evaluation test of the wire sweeping amount
(size; 28 x 28 x 2.4 mm, Cu lead frame, test element: 9 x 9 mm,
wire; Au, diameter: 1.2 mils, length: 5 mm). The molded 208-pin
QFP packages were observed with a soft X-ray fluoroscope (Model:
PMS3-160, commercially available from YXLON International
Kabushiki Kaisha). As a method of calculating the wire sweeping
amount, the sweeping amount of the wire that was swept
{(transformed) the most in one package was taken as (F}, and the
length of the wire was taken as (L) to calculate the sweeping amount
of F/L x 100 (%), and the mean value of 10 packages was shown in
Table 2. Incidentally, when the wire sweeping amount was less than
5%, it was acceptable. When it was not less than 5%, it was not
acceptable.

[0096]

Examples 2 to 17, Comparative Examples 1 to 8



Curing agent 2 4.28 Curing agent 3 4.28 Curing agent 4

4.28

10

15

Curing agent 5 4.28
55

According to combinations of Tables 2, 3 and 4, a resin
composition was produced in the same manner as in Example 1, and
evaluated in the same manner as in Example 1. The evaluation
results are shown in Tables 2, 3 and 4. Incidentally, in Examples
2 and 3, two kinds of curing agents were blended in advance
according to the ratios in Table 2, melt-blended at 100 degrees
centigrade and further pulverized, and then other raw materials
were mixed together at a normal temperature using a mixer, and the
following procedure was the same as in Example 1, whereby a powdery
resin composition was obtained. Furthermore, in Examples 2 and
3 described in Table 2, with respect to the softening point of the
phenol resin (Bl), and the contents of the c=1 component, c24
component and c¢=0 component, two kinds of curing agents were
blended in advance according to the ratiocs in Table 2, melt-blended
at 100 degrees centigrade and further pulverized, whereby the
softening point and gel permeation chromatography (GPC) were

measured.
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[0097]
[Table 2]
Example
1 2 3 4 5
Epoxy resin 1 8.19 8.19 8.19 5.92 5.87
Epoxy -
A Epoxy resin 2
£esin Epoxy resin 3
Epoxy (Al) POXy -
. Epoxy resin 4
resin -
Epoxy resin 5 2.54
(a) Other ;
Epoxy resin b 2.51
SpPOxy Fpoxy resin 7
resins poxy -
Epoxy resin 8
Curing agent 1 4.31 1.94 3.02 4.04 4.12
Curing Phenol Curing agent 2 2.37
agent resin Curing agent 3
Composition (B} (B1) Cur;ng agent 4 1.29
[parts by i Curing égent 5
mass) Tnorganic filler Inorganic
() Filler 1 86.5 86.5 86.5 86.5 86.5
Curing
accelarator 1 0.4 0.4 0.4 0.4 0.4
Silane coupling 0.1 0.1 0.1 0.1 6.1
agent 1
Silane coupling
Other additives agent 2 0.05 0.05 0.05 0.05 0.05
silane coupling | g 0.05 9.05 0.05 0.05
agent 3
Coloring agent 1 0.3 0.3 0.3 0.3 0.3
jeleasing agent 0.1 0.1 9.1 0.1 0.1
¢=1 component §3.8 52.4 49.0 63.8 63.8
Cont i (3]
ents of respective o m
components in phencl resin (B1) ?%] componen 4.4 12.6 17.0 4.4 4.4
Hote 1)
‘E:? component 7.4 7.6 10.9 7.4 7.4
Temperature fﬁiflTiﬁol“tikl°fepoxyreSln g0 80 80 80 80
difference between Softemi oint T oh 1
al melting point o Tg?)p["cl st OL phenoc 67 72 71 67 67
and Bl softening Tzzln T Siff T T
point Hote 1) [OC}])era ure 1 erence Ta—Ts 13 g8 Q 13 113
Spiral flow [cm] 143 122 120 113 117
Wire sweeping amount [%] 2.9 3.7 3.6 4.5 3.5
Tablet failure rate
Evaluation results | (immediately after tableting) e Y 0 0.5 0
[%)
Tablet failure rate (after 0 0 0 0 0

falling test) [%]




Coloring agent 1 0.3 0.3 0.3 0.3 Rel easing agent 1 0.1 0.1 0.1 0.1
Contents of respective conponents in phenol resin (31) Note 11 c=1
conponent [9% 43.1 33.1 14.5 21.3 «c4 chponent [99 32.1 11.7 46.5
22.4 c¢=0 conponent RI 7.7 19.4 18.9 32.1 Tenperature difference
between Al nelting point and 31 softening point "t")
Meltin ointTrmfe 0X A’Z‘ QC
9p [ Ol’ltlFI)lueyC{ efabrie( ])[ ]
Example
6 7 8 9
Epoxy resin 1 5.88 4.06
Epoxy Fpoxy resin 2 578 5.72
E (:iin Epoxy resin 3
poxy Epoxy resin 4
resin -
Epoxy resin 5 2.47
(A} Other :
epox Epoxy resin 6 2.45
poxy Fpoxy resin 7 2.52
resing -
Epoxy resin 8 4.06
Curing agent 1 4,10 4.38 4.25 4.33
Curing Phenol Curing agent 2
agent resin Curing agent 3
Composition (B) {B1) Cur?ng agent 4
[parts by . —— ?urlng égent 5
mass] norganic filler norganic ] 5 .
() filler 1 86.5 86.5 86 86.5
Curing
accelerator 1 0.4 0.4 0.4 0.4
Silane coupling 0.1 0.1 0.1 0.1
agent 1
Silane coupling
Other additives agent 2 0.05 0.05 €.05 0.05
Silane coupling 0.05 0.05 0.05 0.05
agent 3
Coloring agent 1 0.3 0.3 0.3 0.3
Xeleasing agent 0.2 0.1 0.1 0.1
c=1 component 63.8 63.8 63.8 63.8
c - [%]
ontents of respective >4 m
components in phenol resin {Bl) c componen 4.4 4.4 4.4 4.4
Hote 1} £%]
‘F;? component 7.4 7.4 7.4 7.4
Temperature T:i?l?ggflntTA1ofep0xyr951n 80 ag 45 45
difference between Softend rp— F oh 0
Al melting point cenTng posnt fm 0f pheno 67 67 67 67
; resin (Bl) ["C]
and Bl softening -
point "ete Ul Temperature difference Ta-Tp 13 13 _32 22
[°c)
Spiral flow [cm] 119 122 120 128
Wire sweeping amount [%] 4.2 3.2 4.4 3.1
Tablet failure rate
Evaluation results (immediately after tableting) o] 0 0 0
[%]
Tablet failure rate (after 0 0 0 0
falling test) [%]

Note 1) Curing agents in Tables 2 and 3: Using two kinds of curing

agents which were blended in advance according to the ratios in

Table 2, melt-blended at 100 degrees centigrade and further

5 pulverized, a resin composition used in Examples was produced, GPC

was measured, and the softening point was measured.




80 80 80 80 Softening point TB1 of phenol resin(Bl)EC] 75 65 80 63
Tenperature difference TmTn [C1 5 15 0 17 Evaluation results Spiral
flow[cm 102 124 87 145 Wre sweeping anount [%4 5.9 4.9 6.1 3.0
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[0098]
[Table 3]
Example
10 11 12 13
Epoxy resin 1
ig:ii EpoxXy resin 2 5.73 3.99
Epoxy resin 3 §.11 5.89
Epoxy (al) :
. Epoxy resin 4
resin Epoxy resin 5 2.52
(a) Other poxy ; -
epoxy Epoxy resin 6
- Epoxy resin 7 2.46
resins -
Epoxy resin 8 3.99
Curing agent 1 4.31 4.52 4,39 4.09
Curing Phencl Curing agent 2
agent resin Curing agent 3
Composition (B) (B1) Cur}ng agent 4
[parts by - L Eurlng ?gent 3
mass] norganic filler norganic
) Filler 1 86.5 86.5 86.5 86.5
Curing
accelerator 1 0.4 0.4 c.4 0.4
Silane coupling c.1 0.1 0.1 6.1
agent } ) )
Silane coupling
Other additives agent 2 0.05 0.05 0.05 0.05
Silane coupling 0.05 0.05 0.05 0.05
agent 3 ) ) . )
Coloring agent 1 0.3 0.3 0.3 0.3
Releasing agent 0.1 0.1 0.t 0.1
1 . . . .
c=1 component €3.8 63.8 63.8 63.8
c . [%]
ontents of respective c2f componont
components in phenol resin (B1) (%] P 4.4 4.4 4.4 4.4
Nate 1}
¢={ component 7.4 7.4 7.4 7.4
[%] i .
Temperature ?;i?l?ggrlntT51ofepoxyre51n 15 45 107 107
difference between Softenin oint Tm of phenol
2l melting point ; g poL mLOL P 67 67 67 67
and Bl softenin resin (Bl) (°C]
point Note 1) g Temperature difference Ta—Tm —22 22 a0 40
[°cl
Spiral flow [cm] 124 142 150 128
Wire sweeping amount [%] 4.4 3.1 3.0 4.9
Tablet failure rate
Evaluation results | (immediately after tableting) 0 c 1 0
[%]
Tablet failure rate (after 0 o 1 1
falling test) [%]




4 11 o 39 61 [Continued Table 4] Conparative Exanmple 5 6 7 8
Conposition [parts by mass] Epoxy resin (A) Epoxy resin (A) Epoxy
resin 1 Epoxy resin 2 Epoxy resin 3

[Continued Table 3]

Example
14 15 16 17
Epoxy resin 1
Epoxy -
resin Epoxy resin 2
Epox (B1) Epoxy resin 3 5.83 5.84 4.04
P .y Epoxy resin 4 8.82
resin Epoxy resin 5
() Other P .
Epoxy resin 6 2.50
epoxy -
. Epoxy resin 7 2.50
resins :
Epoxy resin 8 4.04
Curing agent 1 4,17 4,15 4.42 3.68
Curing Phenol Curing agent 2
agent resin Curing agent 3
Composition (B) (B1) Cur%ng agent 4
[parts by : i Curing ggent 5
mass] Inorganic fillexr I§organlc 86.5 86.5 86.5 86.5
{c) filler 1
Curing
accelerator 1 0.4 2.4 9.1 0.4
Silane coupling 0.1 0.1 0.1 0.1
agent 1 :
Silane coupling
Other additives agent 2 0.05 0.05 ©.05 0.03
Silane coupling 0.05 5.05 0.05 0.05
agent 3 ) . ) i
Coloring agent 1 0.3 0.3 0.3 0.3
Releasing agent 0.1 0.1 0.1 0.1
1 . . . .
c=1 component 63.8 63.8 63.8 63.8
. (%]
Contents of respective >a =
components in phenol resin (B1) ?%] compenen 4.4 4.4 4.4 4.4
Hote 1}
c=0 component 7.4 7.4 7.4 7.2
[%] i
Temperature Tzi?l?%501ntTAIofepoxyre51n 107 107 107 120
difference between Soften: P F oh T
Al melting point or-ening point Tm of pheno 67 67 67 67
, resin {B1) [°C]
and Bl softening -
point Mote b ng?erature difference Tpn-Te 40 a0 40 53
Spirel flow [cm] 131 124 145 131
Wire sweeping amount [%] 3.5 4.3 3.3 3.8
Tablet failure rate
Evaluation results | (immediately after tableting) 2 o} 0 3
[%]
Tablet failure rate (after 0 1 2 5
falling test) [%]




Epoxy resin 4 O her epoxy resins Epoxy resin 5 9.18 Epoxy
resin 6 8.87 Epoxy resin 7 8.94
60
[0099]
[Table 4]
Comparative Example
1 2 3 4
Epoxy resin 1 8.22 8.22 8.22 8.22
Epoxy T
X Epoxy resin 2
resLn Epoxy resin 3
Epoxy (A1) i -
. Epoxy resin 4
resin Epoxy resin 5
(a) Other P .
Epoxy resin 6
epORY -
. Epoxy resin 7
resins .
Epoxy resin 8
Curing agent 1
Curing Phencl Curing agent 2 4.28
agent resin Curing agent 3 4.28
Composition (B) (B1) Cur}ng agent 4 4,28
[parts by Curing agent 5 4.28
Inorganic filler Inorganic
mass . . .
3 ©) siller 1 86.5 86.5 86.5 86.5
Curing
accelerator 1 0.4 0.4 0.4 0.4
Silane coupling 0.1 0.1 0.1 0.1
agent 1 ) : - )
Silane coupling
Other additiwves agent 2 9.05 0.05 0.05 0.05
Silane coupling 0.05 0.0 0.05 0.05
agent 3
Coloring agent 1 0.3 0.3 0.3 0.3
Releasing agent 0.1 0.1 0.1 0.1
1 . . . .
?:? component 43.1 33.1 14.5 21.3
Contents of respective =51 component
components in phenol resin (Bl) (%] P 32.1 11.7 46.5 22.4
Hote 1)
¢=0 component 7.7 19.4 18.9 32.1
[%] . . | }
: va— -
Temperature ?;i?l?gg?l“t AL OL Cpoxy resin 80 80 80 80
difference between Seftenin oint Tsm of phenol
Bl melting point ‘ 9 pol m oL P 75 65 80 63
. resin (Bl) 1°C]
and Bl softening =
point e ?Em?erature difference Ta-Ta 15 0 17
c
Spiral flow [cm] 102 124 87 145
Wire sweeping amount (%] 5.9 4.8 6.1 3.0
Tablet failure rate
Evaluation results | (immediately after tableting} 0 17.5 o 19.5
[%]
Tablet failure rate (after
falling test) [%] 4 11 0 39




Epoxy resin 8 8.04 Curing agent (B) Phenol resin (Bl) Curing
agent 1 3.32 3.63 3.56 4.46 Curing agent 2 Curing agent 3

61

[Continued Table 4]

Comparative Example
5 6 7 8
Epoxy Epoxy res%n 1
. Epoxy resin 2
resin -
Epox (A1) Epoxy resin 3
poxy Epoxy resin 4
resin :
Epoxy resin 5 9.18
(&) Other n
Epexy resin 6 8.87
epoxy 3
. Epoxy resin 7 8.94
resins =
Epoxy resin 8 8.04
Curing agent 1 3.32 3.63 3.56 4,46
Curing Phenol Caring agent 2
agent resin curing agent 3
Composition (B) (B1} Cur}ng agent 4
[parts by . TR ?urlng ggent 5
mass] norganic filler norganic . . 6.5
() filler 1 86.5 86.5 86.5 8
Curing
. . . .4
accelerator 1 9.4 0.4 0.4 0
Silane coupling 0.1 0.1 0.1 0.1
agent 1 )
Silane coupling
Other additives agent 2 0.05 0.05 0.03 0.05
Silane coupling 0.05 0.05 0.05 0.05
agent 3 i : ' :
Coloring agent 1 0.3 0.3 0.3 0.3
Releasing agent 0.1 0.1 0.1 0.1
1 . . . .
c=1 component 63.8 63.8 63.8 63.8
. [%]
Contents ¢f respective >4 Py
components in phenol resin (Bl) ?%] compon 4.4 4.4 4.4 4.4
Note !}
c=0 component 7.4 7.4 7.4 7.4
[%] )
Temperature T;i?1?2501ntT31ofepoxyre51n _ _ _ _
difference between Softenin oinEt T T phenol
Al melting point . g point Ts of phe 67 67 67 67
) resin (B1) [°C]
and Bl softening -
. Note 1) Temperature difference Tuy-Twm
point [°c) - - - -
Spiral flow [cm] 98 1] 111 142
Wire sweeping amount [%] 5.7 6.2 5.8 3.3
Tablet failure rate
Evaluation results (immediately after tableting} o] 8.5 4] 23
[3]
Tablet failure rate (after
falling test) [%] 0 13.5 0 42
[0100]

According to Examples 1 to 17, there were obtained a resin
composition containing an epoxy resin (Al) having a structure

9 represented by the general formula (1) and a phenol resin (B1)
represented by the general formula (2), wherein the content of a
c=1 component contained in the total amount of the phenol resin
(Bl) represented by the general formula (2) was not less than 40%

in terms of area percentage, and the content of a C>4 component



Inorganic filler 1 8

86.5 86.5 86.5 O her additives Curing

Curing agent 4 Curing agent 5 Inorganic filler (O
5
0.

6.
accelerator 1 0.4 0.4

0.1

10

15

20

2h

4 0.4 Silane coupling agent 1 0.1 0.1 0.1
62

was not more than 20% in terms of area percentage, as measured by
the area method of gel permeation chromatography; a resin
composition in which the kind and the mixing ratic of the epoxy
resin (Al) were changed; and a resin composition in which the
contents of the c=1 component and C24 component in the phenol resin
(Bl) represented by the general formula (2) were changedf However,
as a result, all these resin compositions were excellent in a
balance among the flowability (spiral flow), wire sweep and tablet
moldability.

[0101]

On the other hand, in Comparative Examples 1 and 3, there was
obtained a resin composition containing a phenol resin (B1)
represented by the general formula (2}, wherein, however, the
content of a C24 component contained in the total amount of the
phenol resin (Bl) represented by the general formula (2) exceeded
20% in terms of area percentage, as measured by the area method
of gel permeation chromatography. As a result, the flowability
(spiral flow} was reduced, and the wire sweep was deteriorated.
Meanwhile, in Comparative Examples 2 and 4, there was obtained a
resin composition containing a phenol resin (Bl} represented by
the general formula (2), wherein, however, the content of a c=1
component contained in the total amount of the phenol resin (Bl)
represented by the general formula (2) was below 40% in terms of
area percentage, as measured by the area method of gel permeation
chromatography. As a result, the tablet moldability was
deteriorated. Furthermore, in Comparative Example 3, the content

of a c=1 component was also below 40%, whereas in Comparative



Si | ane coupling agent 2 0.05 0.05 0.05 0.05 Si | ane coupling agent 3
0.05 0.05 0.05 0.05 Coloring agent 1 0.3 0.3 0.3 0.3 Rel easi ng
agent 1 0.1 0.1 0.1 0.1 Contents of respective conponents in phenol
resin (Bl1) Note |} c=1 conponent [9%4 63.8 63.8 63.8 63.8 cll
conponent [ %

10

15

20

25

Example 3, the content of a C24 component was far more than 20%.
As a result, the tablet moldability was relatively excellent. In
Comparative Examples 5 to 7, an epoxy resin (Al) having a structure
represented by the generzl formula (1) was not used. As a result,
the flowability (spiral flow) was lowered and the wire sweep was
deteriorated. Furthermore, in Comparative Example 6 using the
epoxy resin 6 (a dicyclopentadiene type epoxy resin), the tablet
moldability was deteriorated. Furthermore, in Comparative Example
8, an epoxy resin (Al) having a structure represented by the general
formula (1) was not used, but an epoxy resin 8 (a
dihydroanthraquinone type epoxy resin) of a crystalline epoxy
resin was used. As a result, the flowability (spiral flow) and
the wire sweep were excellent, but the tablet moldability was
deteriorated.

[0102]

As shown in the above results, only when a resin composition
contains an epoxy resin (Al) having a structure represented by the
general formula (1) and a phenol resin (Bl) represented by the
general formula (2), wherein the content of a c¢=1 component
contained in the total amount of the phenol resin (Bl) represented
by the general formula (2) is not less than 40% in terms of area
percentage, and the content of a C24 component is not more than
20% in terms of area percentage, as measured by the area method
of gel permeation chromatography, the flowability (spiral flow),
wire sweep and tablet moldability were well balanced. It was
considered that the above results were obtained because of the

synergic effect in combination of use of an epoxy resin {Al) having



4.4 4.4 4.4 4.4 c=0 conponent [99 7.4 7.4 7.4 7.4 Tenperature
di fference between Al nelting point and 81 softening point ""11
Mel t i ngpoi nt TAI of epoxyresin (A )[C ¢, Sof tening point Tin of

phenol

resin(Bl)[C] 67 67 67 67 Tenperature difference TAI-Tel V(C

Eval uation results Spiral flowcm 98 90 111 142

10

a structure represented by the general formula (1), and use of a
phencl resin (Bl) represented by the general formula (2), the
content of a c¢c=1 component contained in the total amount of the
phenol resin (Bl) represented by the general formula (2) of not
less than 40% in terms of area percentage, and the content of a
C24 component of not more than 20% in terms of area percentage,
as measured by the area method of gel permeation chromatography.

The present application claims priorities to Japanese patent
application No. 2009-057387 filed on March 11, 2009. The content
of the application is incorporated herein by reference in their

entirety.



Wre sweeping anount [%4 5.7 6.2 5.8 3.3 Tablet failure rate
(tmediately after tableting) [%9 O 8.5 0 23 Tablet failure

rate(after falling test)Ps] 0 13.5 0 42 ..[0100] According to

Exanples 1 to 17, there were obtained a resin conposition containing

an epoxy resin (A) having a structure 5 represented by the general
formula ( )Aﬂgﬁ a phenol resin (Bl) represented by the genera

formula (2}, erein the content of a c=1 conponent contained in the
total amount of the phenol resin (Bl) represented by the general

formula (2) was not less than 40%in terns of area percentage, and

t he cont ent PO 2 o ]ﬂﬁﬁ 9% in ter 0

per cent aglé, gis %ﬁ%ﬁeﬁ?%%ﬁt%an@ﬁ hoécf?%% ge &?%eﬂ#reaét i o%gméor%&&or
chromat O ciWin g @8 BoeQUPOSsLh Ok )l N Bl el b hedd DA BANAnkNgn M Kb fidkn i c
ratio of the epoxy resin (A) were changed; and a resin conposition

in whisch fie & camt enfise@fid he c=1 conponent and conponent in the

phenol resin (Bl) represented by the general formula (2) were

changed. Howerdel e@s<ya resitt (ARl tombeseetesahn epORPOSELiIONS AN having a
excellent in a balance anong the flowability (spiral flow, wre

sweep andtmstterrarolatatgdanted 10f Ot | folldnindeyatderl hamdpulia (1),
Conparative Exanples 1 and 3, there was obtained a resin conposition
cont ai ni ng &¥PKeRBFirgs? e BI)B)r epresénesda mhartel gesdnalBlbrmpresented
(2), wherein, however, the content of a C >44 conponent contained in
the tot alPYarftit: V- PRE A FHRI TIHH A BB) 7 epresented by the

veasifed by ToCHES het hau ot GEIDRBEREGET O, CREGIAT CoFaphyal Asmaunt of
was det er 1oy K BHC NG | B SR R B I S g 4 e B e
Fenr esent od by he Behara Tortils (5) aHorers OWRer  he cont ent

(B1) roprosented by the oner o1 FaPoirat( 2 nae el ow A0bern 1 ar ra by ©F

area per cewrlagercastagasussthdysithed afeanethed pbrask PerdERld MR ion
chromat ography. As a result, the tablet noldability was deteriorated.
Fur t hér mohe omiart oGanagpéuyat | ve Exanpl e 3, the content of a c=1 conponent
was al so bel ow 40% whereas in Conparative 63 Exanple 3, the content

of a C4 conpbreacaladoframlaoié than 20% As a result, the tablet

nol dability was relatively excellent. In Conparative Exanples 5 to 7,
an epoxy resin g ) havi ng structure represented by the general
formula (1) was yot used. aresult, 5the flowability (spira

flow was |owerdd and the wre sweep was deteriorated. Furthernore,

in Conparative anple 6 usithhg the epoxy resin 6 (a dicycl opentadi ene
type epoxy resif). the ta mol dabi lity was detéf{ orated.

Furt hernore, i nparativ anple 8, an epoxy resin (A) having a
structure represented by ¥he general 10 fornmula (1) was not used, but
an epoxy resif)8 (a di hy@bant hr aqui none type epoxy resin) of a
crystalline epoxy resin was used. As a result, the flowability

(spiral flow) and the wire sweep were excellent, but the tablet

mol dabi | i t yWBESHBt e} diht @dpove general formula (1), each of R1 and R3 is

a hydrocarbon group having 1 to 5 carbon atoms, which may be the
20 same or different from each other; R2 represents any of a direct
bond, a hydrocarbon group having 1 to 5 carbon atoms, -S- and -0-;

and each of a and b is an integer of 0 to 4, which may be the same

or different from each other,



15[ 0102] As shown in the above results, only when a resin
conposition contains an epoxy resin (A) having a structure
represented by the general formula (1) and a phenol resin (Bl)
represented by the general formula (2), eéherein the content of a c=1
conmponent 20 contained in the total amount of the phenol resin (Bl)
represented by the general fornmula (2) is not less than 40%in terns

of area pergenla38&ai1antifigLontent of a conponent is not nore than

20% in terms of area percentage, as neasured by the area nmethod of

gel perneatio th PIIowabiIity (spiral flow, 25 wire
sweep and tab rejwell balanced. It was considered

that the ab re.o t aigg®d because of th 2)synergic ef f ect

i n conbi nati an épox esin (A) having 64 a structure
represented by the ggneral foynula (1), and use of a phenol resin

(Bl) represented by the generaf fornmula (2), the content of a c=1
conponent contained in the total anount of the phenol resin (Bl)
represented, by, the generdle LRLML Behdkaal FBPMuTal 999, BARSAQY iAteger of
terms of area percentage, and the content of a C4 conponent of not

nore thap 2Q%gign terns of area percentage, as neasured by the area

nmet hod of gel perneation chromatography. The present application
claing priorities to Japanese patent application No. 2009-057387

filed on March 11, 2009. The content 10 of the application is

i ncor por &t.e@hker eeniby cefepentéonn theireantpsellptingd ELABMBicoddudtor
resin conposition for encapsulating a sem conductor containing an

epoxy resgiceoA)inga ur¢hgingént WBredmd akni asoidapher®lf itdssim (Gl), the
wherein said epoxy resin (A) conprises an epoxy resin (A') having a
structur€0F§§W@séﬁi@dQﬁPtQR$HQﬂQHiM¢RPEﬂ#E@%Jl$o¥hﬁl5@¥§;,amoungapﬁ the
curing agent (B) canprises a phenol resin (Bl) repre e%ted y tBe

fol | owi ngDGERer APSAGr ild CEPreperreE Bt St ofcReral &oipPBnent2) is mot

contajned in e toral, anmpunt of_the phenal resin (Bl) represent b

The Shnemaid bhrn 58745 HA Are et b aREa00 FRor of Reted S BY Ehe drea
per cent age, .an t he content onent is not nore

than 20%1 Ehtoer r?sf ngla eearnbeearnccleonl% a‘%é?&%%‘%%‘gga by the area net hod

of gel perneation 15 chronmat ography, [Chem cal Formula 1]

wherein, in the above general fornmula (1), each of Rl and R3 is a

hydr ocar Bon 1geoupcBaw Ngokpbai® i6Ar DgBrat aREapWliich ifRY Be 5BRi2Bnductor
sanme or different fron1eacﬁ other; R2 represents any of a direct

bond, a hydieeamkort@reupifavi B¢ bt oy €8I H0BaatoMPOoxySTadith - ;B1) is a
and each of a and b is an integer of 0 to 4, which nmay be the sanme or

di f f @5 enteriysamlddcie etdery, re6Gn Chericeld Bor subdge2ltibl @Hphenol compound
wherein, in the above general fornula (2), c is an integer of 0 to

20. 5 2selRetessifroooippesioricop fonséstapsubdt eagyvd gemiipoadbetdtuted ox
according to claim1, wherein, in said phenol resin ggé?, the content

of a c=0uwempsitdruteshtaipireneh, t hespbeablafpoumisathe phenblspbkenpl S,
(Bl) represented by said general forrmula (2) . is not 10 npre than 16%

in terns béEPAEE® L&/ Mo x Rl SRR bdt By i Bbyai el et hegisicgefon-
perneati on chromat ography. 3. The resin conposition for

encapsul ating a sem conductor according to claim1l or 2, wherein said

epoxgore%i_nﬁél ) riessi% composition for encapsulating a semiconductor
according to any one of claims 1 to 3, wherein said epoxy resin
(Al) has a melting point, and on conditicn that its melting point
is Ta1, and the softening point of said phenol resin (Bl) is Tgi,
the absclute value |Ta1—Tai1l| of a temperature difference between Ty

25 and Tg; is not more than 35 degrees centigrade.



15 crystal line epoxy resin obtained by subjecting a phenol conpound
selected fromthe group consisting of alkyl group-substituted or

unsubsti tuted bi phenol, bisphenol A, bisphenol F, bisphenol S,

bi sphenol AID and oxybi sphenol to diglyerdyl etherification. 20 4.

The resin conposition for encapsul ating a sem conductor according to

any one of clains 1 to 3, wherein said epoxy resin (Al) has a nelting
point, and on condition that its nelting point is Tin, and the

softeni ng point of said phenol resin (Bl) is TB], the absolute val ue

' Tin-Tal 5, 0ffha t egpenat ubgpdsitepanceoket wpeapsullkt2ahgand Td&hi&snAattor
nore than 35 degrees centigrade. 67 5. The resin conposition for
encapsul aticegdd reentoondict oncacedr dilzgdmso Anytond, ofwitd e ire katiol 4resin
wherein said resin conmposition for encapsul ating a sem conductor in a

t abl et f compiosifiugedofroeneapapdakanong sesendudnductr oin e dabdietbform is
the transfer nolding nethod. 6. A sem conductor device obtained by
encapsul asiedg @ anowsiuttbine| eneaiigendugteosr ed gnadudty ofhe heransfer
resin conposition 10 for encapsul ating a sem conductor according to

any one &Pléigigmserhasi.s.

6. A semiconductor device obtained by encapsulating a
semiconductor element with a cured product of the resin composition
10 for encapsulating a semiconductor according to any one of claims

1 to 5.



