26 May 2006 1 DESCRI PTI ON EPOXY RESI N COMPOSI TI ON AND SEM CONDUCTOR DEVI CE
TECHNI CAL FI ELD The present invention relates to an epoxy resin
conposition for encapsul ati ng sem conductors which contains substantially
nei t her hal ogen-based 5 flanme-retardi ng agents nor antiA®Mayc®¥pounds and
is excellent in solder reflow ng resistance, flane retardance and

hi gh-tenperature storage characteristilcs, and to a sem conduct or devi ce.
10 BACKGROUND ART Hitherto, electronic parts such as diodes, transistors
and integrated circuits have beenPESREIFITIOH ed mainly with epoxy resin
conpositions. These epoxy resin conpositions usually contain brom ne 15
atomcontaining flanme retardi ng agents, and antinony conpounds such as

antinmony trioxid t] tetroxide _and_antinon ent oxi de for the

pur pose of inpargFﬂgg kggﬂé FQM%P&&H&@N’&B&b@%?@I dﬁQ¥QﬂNQEXEQﬁai ncrease
of consci ousness for environnmental protection, there is 20 a great demand
for epoxy resin conpositions having flanme retardance which contain neither

hal ogen- base = i ng agents nor antinony comnmpounds. Moreover, it
i s known thafE$$k§§§ch%§%§tor devi ces encapsul ated with epoxy resin

conpositions 26 May Zogﬁezgrgggh@iqh&gﬁRg%Qggﬁ%gﬁﬁﬁgtﬁJ%ﬂgﬁgﬁ#géding agents

and antinony conpounds are stored a I eratures, s produced

owi ng 10 heatodegoaBABLLL PRI cbhestcatlsaTarielaldlhiG AR A © || ber at ed

and corrode the 5 bonding pad portions’.of sem conductor elenments to danage

the reliabi likycRf c6RFhEABIYGHAE2HRYRI8Y nEldDer SRAOGIEYAESLPTPOSI tions
are desired which can attain degree of "flanme retardance of V-0 in UL-94

Wit hout &isi fjahat pgearasgdabbane- hetraasiththonge HomptithdNtdnpiys 10
conpounds as flane-retardi ng agents. Corrosion resistance of bondi ng pad
portions excellent in solder reflowing resistance, flame

retardance and high-temperature storage

characteristics, and to a semiconductor device.

10 BACKGROUND ART
Hitherto, electronic parts such as diodes,
transistors and integrated circuits have been
encapsulated mainly-with epoxy resin compositions.
These epoxy resin compqsitions usually contain bromine
15 atom-containing flame retarding agents, and antimony
compounds such as antimony trioxide, antimony tetroxide
and antimony pentoxide for the purpose of imparting
flame retardance. However, with a worldwide increase
of consciousness for environmental protection, there is
20 a great demand for epoxy resin compositions having
flame retardance which contain neither halogen-based
flame-retarding agénts nor antimony compounds.
Moreoﬁer, it is known that if semiconductor

devices encapsulated with epoxy resin compositions



of sem conductor elenments after sem conductor devices are stored at high
tenperatures (e.g., 185C) is called high-tenperature storage
characteristics, and as 15 nethods for inproving the higgéée rature
storage characteristics, there are proposed a nethod o ?%8)6d|ant|nnny
pent oxi de (JP-A-55-146950), a nethod of wusing antinony oxi de and an
organi ¢ phosphine in conbination (JP-A261-53321), and the |ike, and
effects 20 of these nmethods have been confirmed. However, sone of epoxy
resin conposi Fpaﬁglalrl@gshaluomasgdacﬁw-mﬁtand@m|aﬁﬁm'é/eanql ecently
required for h-tenperature _storage characterjstics of sem conductor
devi ces. Vari éﬂglfﬂpé}hfe COBPAUMNASy adGe Ftones) & thduigh ﬁ@?ﬁr%??’gedfted f or

t hese denands Qr, exanpl tal, hydroxides, such as, alunln dr oxi de,
mgnest .y BROAFES ZHAIRET CRSGE B ASARRRARAC T ¢ hadise

i nvestigated, .but the e conpounds do not .devel he ef fect
of flane ret aFEPWS Eﬁl YN AINE S X | 3323‘} cﬁn?%r ocﬁ 6rbe5| des,
they may d tep r I|t td [

ci rcunst anges g?é% g’érdﬁgggtpac a&%gggﬁrgs%’eerﬁuc%c% or cf&\rll ces are 5
general |y car Elhfﬁgggmthe' 5§ TG GAQYE (o s‘ﬂe‘?&i&ﬁﬁm&@ ddiAGe £DS OF e,

noi sture are exposed to high tenperatures e time of soldering,

expl osive strepex9f rWaLEI conPRRLtRlPRUGEE Rk 4R IWvidldo Nt LaUsesa of acki ng
of package or delam nation at the interface between 10 sem conduct or

el ements or | aagréeasds faaches eRiteYEdnSs0of enaapstiwEi+9y wintlssual s,
resulting in troubles of the electrical reliability being severely
damaged. Thususangghadbgeasbaised o liame-ret drtbisgey tagerit £ sgnd aart imorn v

i nprove sol der resistance. Mreover, in view of the 15 recent environnental
probl ens, 1fherempouadsendeddpmes refagdiad éments sol ders used for nounting

of semnm conductor devices, and, as a result, it is unavoidable that the
temperature for sol der FOREORLRG resdstmaae qfkdonting tPad RTsIAeF ed t hat

sol der 20 resistance re%ylred wi_l | becone severer. |In_order é TProve t he
sol der refl ow gsemlcon uctor elements after semlconductor evic

are stored at high temperatures (e.g., 185°C) is called
high-temperature storagé characteristics, and as

15 methods for improving the high-temperature storage
characteristics, there are proposed a method of using
diantimony pentoxide (JP-A-55-146950), a method of
using antimony oxide and an organic phosphine in
combination {(JP-A-61-53321), and the like, and effects

20 of these methods have been confirmed. However, some of
epoxXy resin compositions are still unsatisfactory for
the high level recently required for high-temperature
storage characteristics of semiconductor devices.

Various flame-retarding agents have been

25 investigated for these demands. For example, metal
hydroxides such as aluminum hydroxide, magnesium
hydroxide and the like, and boron compounds have been

investigated, but these compounds do not develop the



resistance, it has been attenpted to add inorganic fillers in large
anpunts to epoxy resin conpositions for encapsulation of sem conductors,
thereby to reduce 25 absorption of noisture and heat expansion of the

sem conduct or devi ces using the conpositions and to inéPdae2®d ength of

t he sem conductor devices. Therefore, there are generally enployed, for
exanple, a 26 May 2006 4 neans of usin@ epoxy resins of |ow viscosity type
or crystalline epoxy resins which are crystalline at room tenperature,

but whi ch sho®féetterdl Flamg vietassling anlassgdial A%s ehelD thagdsel ting
point, thereby to inhibjt reduction of fluidity of epoxy resin
conposi ti ons f“OHB;%&i'n&r\%i b sidesSyudiehyah deRe Fate it Tathult tiof

i norganic filkﬁr% added, or ne i NS or epoxy

f i ph | i
norganic 11 bt piatied oL Baeans oL sing phendl e Iesie o epoy
products of Waiuclaals @ AL I SR AR [ cBecause of | ow gl ass

transition tenperatur | i'ne "epoxy Tesins, ophobi c epoxy

resins ands pB@H@L:EQ,léﬁ%iaan é.te‘?:ln%uttq 44 &l rf'dd&cﬂ:i Ui me A e

storage characCteri sti for 1nmproving the 15 characteristics, there

are request edhe0o8PaBsbireRY HeiRG ureeidiele R Qaen-dasiefh fladfsrahardd ng
agents nor antinony conpounds. Furthernore, since the crystalline epoxy

resins are | oati Bhei $60@i bf, stielerdng,| @upldbsAGr Witddd tof wtkSi nce the
hydr ophobi ¢ epoxy resins and the phenolic resins have a nol ecul ar
structure | ongapnr prstaced bgt wapnrdrzeiddn Wadureparvickimuredl products
thereof are soft, and use of flane-retarding agents which hinder curing of
t he. epoxy resbPaskpgedptf dedlamidstiion jarc tdwsiimg eurizchec thetiwgerby i nprovi ng
rel ease roperties at nolding. That is, it is demanded to provide an epoxy
resin conngiF?@hcﬁﬁﬁéﬁtﬁﬁiﬁﬂémﬁ§tﬁlaﬁblﬁ@@aﬁmﬂm§§ angl EeMUSPIEIG- G- 5

encapsulating materials, resulting in troubles of the
electrical reliability being severely damaged. Thus, a
great task is to inhibit these troubles, namely, to
improve solder resistance. Moreover, in view of the

15 recent environmental problems, there is a tendency to
use no lead in solders used for mounting of
semiconductor devices, and, as a result, it is
unavoidable that the temperature for soldef reflowing
treatment rises and it is considered that solder

20 resistance required will become severer.

In order to improve the solder reflowing
resistance, it has been attempted to add inorganic
fillers in large amounts to epoxy resin compositions
for encapsulation of sémiconductors, thereby to reduce

25 absorption of moisture and heat expansion of the
semiconductor devices using the compositicons and to
increase strength of the semiconductor devices.

Therefore, there are generally employed, for example, a



excellent in noldability, solder reflow ng resistance and high-tenperature
storage characteristics, and uses substantially neither hal ogen-based
flame-retarding agents nor antinony conpounds. DI SCLOSURE OF | NVENTI ON The
present invention provides an epoxy resin conposition 2oMard®sul ating
sem conductors which contains substantially neither hal ogen-based flanme 10
retardi ng agents nor antinmony conmpounds &nd is excellent in noldability,

fl ame retardance, solder reflow ng resistance and high-tenperature storage
characteri sti 2§ HIHTF RPXPrevs ks af sbev cvhdoesbtydeyPeeornde by
encapsul ating 15 semni conductor elements with the epoxy resin conposition.
The present i FEMfG%OMINE HPUHHXELFERT WhiehpdEet FevistatlEneapsuradhing

sem conductorg which _ conprises .(A), an epoxy resin, (B) a phenolic resin,
(O 20 a curi NG A ™SR 0Py BRLEP | ?ﬁd%%Er?W?fﬁr %%dvfg§°§1t$h%§phazene
conmpound as e tial nent s er el the tota | ght. of phosphat e

i on and phosp%%: %€%$d¥§§ﬁhﬂ¢hﬁfi#F%%ém%%5%$%a§%h%étgﬁggﬁﬁ%yiEgnot nor e
than 500 ppm; 23 A <, ferr j oent - resin
conposition fé# encapsu é?&ﬁéﬁgéﬁgggﬁgﬁ%¥%§§g$népéﬁfcﬁggﬁﬁ phosphazene

conpound has aomplds1\Hi%ERSidt t1dthd whids 2id Océué(ea-ob% fRcrélsdS0F. 26
May 2006 6 Another preferred enbodinent 1s the epoxy resin conposition for

encapsul at i ng themageuaitc ol S ridrgamii € he 1 e phosdled ener CoOMROMNE 68 a cyclic
phosphazene conpound represented by the following formula (1): 5 10 R |
N=P | using phenolic resins or epoxy resins in which the
resin skeleton per se is hydrophobic and the cured
10 products of which also show low moisture absorption.
Because of low glass transition temperatures,
crystalline époxy resins, hydrophobic epoxy resins and
phenolic resins tend to deteriorate in high-temperature
storage characteristics, and for improving the
15 characteristics, there are requested compositions using
neither halogen-based flame-retarding agents nor
antimony compounds.
Furthermore, since the crystalline epoxy
resins are low in viscosity, they are low in
20 curability, and since the hydrophobic epoxy resins and
the phenclic resins have a molecular structure long in
distance between cross-linking points, cured products
thereof are soft, and userof flame-retarding agents
which hinder curing of the epoxy resins is difficult
25 for increasing productivity by improving release
properties at molding.
That is, it is demanded to provide an epoxy

resin composition which maintains flame retardance, is



RJ n (1) wherein nis an integer of 3-7, and R s denote same or different
organi ¢ groups which are selected from al kyl groups, al kenyl groups,

al koxy groups, aryl groups, 15 aryl oxy groups, polyoxyal kyl ene groups,
these groups in which at |east one hydrogen atomis suﬁéﬁﬂﬁbg with a
group having N, S, 0 or F atom am no groups, fluoroalkyl groups and

fl uor oal kyl oxy groups. These phosphazeﬁe conpounds nay be used each al one

or in 20 adm xtur Anot her re&erned enbqdj nent j.s the epoxy . resin
composi ti on | BFCENERBSULE PRYCEEHTAENaUCPOReT WA NE HRAATEANGR 2n R s
in the cyclic osphazen conpound ., represent ed t.he formul a, (1) are
bhenoxy 35 or ShBe R Egn- EREPEEATHES) S40FagRs ChPEAT Herd Hoi Ghro RAL ded
phosphazene cQIpAURLE ERT §SRELEHlo0Y nhHB Ll IR b d—Alk A, 0T OUP OF 2
pol yoxyal kyl ene group. Anot héf preferred e s&iment 'S the epoxfi resin
conposition fg egegaﬁgFgghgggoﬁ§nkgaﬁgﬁgg%[s in 26 May 2006 7 which the

epoxy resin (A) Is at ast one“resi ected from epoxy resins
representeg by the followng fornulas (2)-(6): 5 0 CH2-CH\ 9H2 (2) O
wherein R s denote hydrogen or an al kyl group of 1-4 10 carbon atons and
may be the sapesoLoguREeoentnvERHZEN H2 i CH2 Hs (R). CR (R_ 0 (3) 15

wherein R s denote hydrogen or an al kyl group of 1-4 carbon atons and may
be the sane or differenTheapras8ntoingeptiohi peonvideer aof eboky awdin is a
positive nunber 20 of 1-10 as an average val ue,

composition for encapsulating semiconductors which

contains substantially neither halogen-based flame-

10 retarding agents nor antimony compounds and is
excellent in moldability, flame retardance, solder
reflowing resistance and high-temperature storage
characteristics, and furthermore provides a
semiconductor device made by éncapsulating

15 semiconductor elements with the epoxy resin
composition.

The present invention is an epoxy resin
composition for encapsulating semiconductors which
comprises (A) an epoxy resin, (B) a phenolic resin, (C)

20 a curing accelerator, (D) an inorganic filler and (E) a
phosphazene compound as essential components, wherein
the total weight of phosphate ion and phosphite ion
contained in the phosphazene compound is not more than
500 ppm.

25 A more preferred embodiment is the epoxy
resin composition for encapsulating semiconductors in

which the phosphazene compound has a melt viscosity of

0.7 x 10?2 to 5 x 102 Pa-s at 150°C.



PCHCHC 2 RR C -rt8t-CH (4) \/ 25 (R . k\ RR (R . wherein R s denote
hydr ogen or an al kyl group of 1-4 carbon atons and may be the sane or
different, ais 0 26 May 2006 5 OCHZ-CH pH) b OCH2-1111'-'~ 5@ 0 (5)
wherein R s denote an al kyl group of 1-4 carbon atons 76 M be the
sanme or different, bis 1 or 2, and nis 0 or a positive nunber of 1-10 as
an average val ue, and (6) 15 wherein n #s a positive number of 1-10 as an
aver age val ue. Anot her Rreferred enbodi nment i s the epoxy. 20 resin
conmposi tion for encapsufBPFRETs BFEEERIEE: GIPAd MRRte i St K& FENY ¢ resin
(B) is at least _one resin, selected fromphenalic resins represented by the
ti5g go ot

fol l owi ng forhifa8 FoFPPS} oS ARSHIE NI SR FOTAVERR ISR n s a
iti nbeg . of .1-1 | - Od . 2 9
bherein R s othiel K5 adieRR-RNe  2EP Pt o DL REEReREERS ) iy

be the same og,hbhRLePLyr88nRelss by SN 1B WANIP Fo A1k 1@)3s an average

5

(1}

10

— —'n

wherein n is an integer of 3-7, and R’s denote same or
different organic groups which are selected from alkyl
groups, alkenyl groups, alkoxy groups, aryl groups,

15 aryloxy groups, polyoxyalkylene groups, these groups in
which at least one hydrogen atom is substituted with a
group having N, S, O or F atom, amino groups,
fluorcalkyl groups and fluorcalkyloxy groups. These
phosphazene compounds may be used each alone or in

20 admixture.

Another preferred embodiment is the epoxy
resin composition for encapsulating semiconductors
wherein at least n of 2n R’s in the cyclic phosphazene
compound represented by the formula (1) are phenoxy

25 groups, or wherein at least one of 2n R’s in the cyclic
phosphazene dompound represented by the foﬁmula (1) is
an amino group or a polyoxyalkylene group.

Another preferred embodiment is the epoxy

resin composition for encapsulating semiconductors in



R R H 10 wherein R s denote hydrogen or an al kyl group of 1-4 carbon atons
and may be the sane or different, and nis a positive nunber of 1-10 as an
average value, and 15 (9) wherein R s denote an al kyl group of 1-4 carbon
atons and may be the same or different, b is 1 or 2, aREMaY&00& or a
positive nunber of 1-10 as an average val ue. 20 Another preferred

enbodi ment is the epoxy resin conpositi’dn for encapsul ati ng sem conductors

whi ch contains a flanme-retarding assistant. Another preferred enbodi nent
is the epoxy rdsih doMpRRIFHEIDEN EhtapSuRht +RESSeRPRoREBERors in which

the flame 25 retardin ssistant is af |east one netal conmpoun sel ected
from net al hy&%ﬁ%‘? e IRIEA L3RR r%F?ﬁﬁ’é‘E%éZhﬂ E]%nga?ogﬁﬁ’ﬁilaﬁes.
Anot her prefersed enbog‘,}e)negé is the epoxy resin conposition for 26 May
2006 10 encapéq.ﬁ_n&f]iar@ m tontuctors in which the flame- retarding
assistant is at |east one conpound selected from alum num hydroxi de,
magnesi um hydroxi de and a nejal oxi de solid solution represented by
the 5 follaoping formula (10): 3 10) wherein M denotes at |east
one dival ent netal selected oup consisting of M, Fe,  Co,
Ni, Cu and zn, CRad GHdefbtyd) )-8t C556- 6H_FoCHper |6§éf erred
enbodi nent is the rﬁ)xy resin Qe o=l or encapsul‘a-tdC g sem conductors
in which the nmetal conplex iR a nelfe kex fornmed by *coordinating a

| igand 15 sel ected from napht henic acid, acetylacetonato, phthal ocyanine
and thiocyanic acid wwth a netal elenent selected fromthe group

consisting of Co, Cu, Zn, Ni, WM and Fe, or the flane-retardi ng assi stant
is a polyorgaiesidiokd@tie rdgraseitwirdyen her fah | alkyny doowpl af 264 (11)

10 carbon atoms and may be the same or different,

OCH,CH =CH, OCH,CH—CH
\ / 2 2

R o]
:
R n

wherein R’s denote hydrogen or an alkyl group of 1-4

(R),

2D=0—2

15

carbon atoms and may be the same or different, a is 0
or a positive number of 1-4, and n is a positive number

20 of 1-10 as an average value,

?CH2CHCH2
\ 0/

G

25 (R) L]

?CHzgﬂgnz
o

oL
l\,\3<(R) ; )

n

(4)

)
NS

A0 —m
A—0—x

wherein R’s denote hydrogen or an alkyl group of 1-4

carbon atoms and may be the same or different, a is 0



RI R+f i-0i-R(11) 25 R R wherein R s denote a nonoval ent organic
group, 30-100% by weight of all the organic groups are phenyl groups and
the renmai ning organic groups are at | east one group 26 May 2006 11
sel ected fromvinyl group-substituted organic groups, aPR§aatdxy groups
of 1-6 carbon atons, al kyl groups of 1-6 carbon atons, am no
group-substituted organic groups, epoxy group-substituted organic gr oups,
5 hydroxyl group-substituted or anlc oups anpd mercapto , group-substituted
organi c gr oup? é‘m?c’r‘?ﬁ?vf glungoer rtf? 5. 4H R ROSFHHLNR HYRRRAI ue.
Anot her prefer rgeﬂn g_gjbodl rrent IS the enox resin conposition for
encapsul ati ng &Tc Ay £VEFART I tains at |east one ion scavenger
selected from a conpound represented by the following fornula (12), a
conpound represented by the following formula (13) and zinc oxide in an
amount of 0.01-1.0% by wei ght |n the total epoxy resin conposition: 15
My. Alb (OH) 2..3b-2c ( %b Q (12) 20 mher. gﬁ} Os c/b<l.5,
and d is Osor a positi ® and Bl Ca( OH) i ﬂ@% C%)d (13) 25
wherein a=0.9-1. =p. -OEB c+d OfQ . d/ c=0 2.°0. Anot her preferred
esli n A600P i ' capsul ating sem conductors

enbodinent is th
m, @ ntinony atqmycontained in
Oﬁit wtld

in which an afby
wherein R’s denote an alkyl group of 1-4 carbon atoms

the total epoxy r

10 and may be the same or different, b is 1 or 2, and n is

0 or a positive number of 1-10 as an average value, and

?Hz"q{‘“;ﬂz (,:Hz_qi_;l'[z
0 0 0 0 (6)

15

wherein n is a positive number of 1-10 as an average
value.
Another pfeferred embodiment is the epoxy
20 resin composition for encapsulating semiconductors in
which the phenolic resin (B) is at least one resin
- selected from phenolic resins represented by the

following formulas (7)-(9):

OH OH

25
(7)

o3
0 —0O~—2D



| ess than 0. 1% by wei ght, respectively. Another enbodinent is a

sem conduct or device in which sem conductor elenents are encapsulated with
t he above epoxy resin conposition for encapsulating 5 sggé&g tors.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The epoxy resins 4 he present
invention include all of nononers, oligoners and 10 pol yners having 2 or
nore epoxy groups in one nolecule, and %ol ecul ar wei ght and nol ecul ar

structure theregof are not particularly limted. xanpl es of. t he epoxy
resins, menti ?Feﬁ/”bg:‘n?a Qﬂteoﬁﬁffg?ﬂfi/eIfy% o Yfe%ﬁ‘é‘? % sthEe]noI type
epoxy resins, stilbene type 15 epo resins henol i vol a oxy
resins, cresﬁaﬁpo%la%?r%%paencgd%%{/gees@hes,S?IF"%)p%%n%*frfeﬁ%%a’ %/%%pgeggxy
resins, aIkyI-JnaH i rdsno! fethe el triazine

nucl eus- cont ai ni nggletglgg(%/ I{reS| I’IS,&LEd]i gi;tgléoypgﬁg a%?ée)%ae/gémdﬁ\?%'d phenolic type
epoxy resins, 20 phenol aral kyl type epoxy resins (having phenyl ene

skel eton, diphe ene skeleton, etc.), naphthol )
li ke. These may[be used edch akone or in Epnixt . Among tlhese epoxy

resins, the cr al l'ine S epoky resins o

in viscosity | refer e}

noi sture abso n and i pcreasg in p retq orporating a

| arge anount of "fillers. P6 May' 2006 13 rt herfrore, sinceJresin el etons

of the epoxy resins repr ent e by the f oRmul as (3)-(6) bhéve hyd#gghobic

properties, their cured profucts show | ow noi sture absorptPon and,

besi des, the distance between cross 5 |linking points of the cured products

is long, and therefore, they have the feature of low elasticity at sol der

refl owi ng tenperature _and, hence, the stress enerated is |lo ﬁgg adhesi on
i

propertiesfr &n&RFIN &' s aﬂ‘ﬁi‘%ﬁjé’%‘%ﬁ%n ref | "1‘1Jgk¥ SASTE- e ood. 10
Ther ofore, 1 hese.eRox restng, e, RLETSIT e PoEL AL Yont "ifa o £POY

a positive number of 1-10 as an average value, and

(OH) OH),

15 H{@@‘E'@i n (9)

wherein R’s denote an alkyl group of 1-4 carbon atoms
and may be the same or different, b is 1 or 2, and n is
0 or a positive number of 1-10 as an average value.

20 Another preferred embodiment is the epoxy
resin composition for encapsulating semiconductors
which contains a flame-retarding assistant. Another
preferred embodiment is the epoxy resin composition for
encapsulating semiconductors in which the flame-

25 retarding assistant is at least one metal compound
selected from metal hydroxides, zinc borate, zinc
molybdate and metal complexes. Another preferred

embodiment is the epoxy resin composition for



(5) are high in the content of aromatic ring in the resin skeleton, flane
retardance of the resins per se is also high and they have the feature
that anount of 15 flane-retardi ng agent added can be reduced._ The phenolic
resins used in the present invention include all of nn%é%@ﬁ%?o | i goner s
and polymers having 2 or nore phenolic_hydroxyl groups in one nol ecul e,
and nol ecul ar wei ght and nol ecul ar 20 stfucture thereof are not
particularly Ijm i n$ &P t he phenolic. resin nention may be
nmade of phemﬁ#@ééﬁk&ﬁﬁﬁpfe5|n£$§%$%% $1%0%5|5 l?%sfﬁ§,§lame
dicyclopentamfgggfgﬁy [ henel i £o resi eLpeN.: L ki lic
resins, triphenol net £%é£%§%e resi%%,£§5f%%%%o§§§aﬁﬂ?$8g%éi%%lgﬁgggng

phenyl ene skmﬂﬂdﬁnalﬁgiﬂﬁﬁuﬂ§3¥b§%ggfﬁﬂg@négfu&,hgﬁpgﬁbgéaégékgl resins

and the |like. These may be used each alone or In m xture. 26 May 2006 14

Especi al |y, simaaal esjdrskdetan o ddeutienotésresshfsarspresent ed by the
formulas (7)-(9) is hydrophobic, their cured products show | ow noi sture

absor pti on fandoldesiides, fdteiXH stoice between cross 5 |inking points of the
cured products is long, and therefore, they have the feature of |ow

el asticity at solder reflow ng tenperature and, hence, the stress
generated is | ow and adhesion is superior and thus solder reflow ng

resi stance is good. Thudigit.Med@H)ND phenolic resins are(Pdeferred.
Furthernore, since these phenolic resins are high in the content of
aromatic ring in the resin skeleton, flame retardance of the resins per se
is high and th%é have .the feature that anount of the flane-retardi ng agent

added can be "S5 FedulbdenE ity 12Tt Gt (HViRAy Telkdh smtretrd
ool e 8 Bkl BB AN U e U el Dl Dy e Sl poy
e ol © BALHETBHE Y Dbl AU AR 0. 8.5 dudb 0 ralio s
preferred embodiment is the epoxy resin composition for
encapsulating semiconductors in which the metal complex
is a metal complex formed by coordinating a ligand
15 selected from naphthenic acid, acetylacetonato,
phthalocyanine and thiocyanic acid with a metal element
selected from the group consisting of Co, Cu, Zn, Ni,
Mn and Fe, or the flame-retarding assistant is a

polyorganosiloxane represented by the following formula

20 (11):

Pl f
R —Iii—o——{' Ei-o %_Ei“R (11)

wherein R’s denote a monovalent organic group, 30-100%

25

by weight of all the organic groups are phenyl groups

and the remaining organic groups are at least one group



of the cured products deteriorate and noisture absorption rate increases,
and if it exceeds 1.3, heat resistance and flane resistance of the cured
products 25 deteriorate. The epoxy resin is contained in_an anount of
3-12% by weight, preferably 4-8% by wei ght in the total 26 3#53P%esin
conposition, and the phenolic resinis 26 May 2006 15 contained in an
anount of 3-10% by weight, preferably Xl 7%by weight in the total epoxy
resin conmposition. If the anmount of the epoxy resin is |less than 3% by

wei ght or thafeoEctRE FREALNIEYle SR UPs SNBSS L BRIFAE S THPS £ [ Ui di ty
of the resin c sition at nolding.is deteriorated tq . cause failure in
filling or deﬁgggi?hgﬁxyoﬁrﬁBP& W&ré§§ Fﬁr%ﬁﬁléﬂimﬂﬁ'(%iﬁﬁlEQﬁﬂﬂaf f&gin
exceeds 12% by _vwei h% or that of the phenolic r%§in %gceeds.lowbby wei ght ,
vt e absor pt 1oR GREPRE BFORT 16788 BLCHRPOUT T SO AR | ner eases
and, besi des, r rdan I i.Qrat ' .accel erators
used in the p?gégﬁg? Fﬁ@%ﬁf§6§%€a§u§§E§%§%§?-?ﬁ%ﬁéhﬁhﬁﬂﬁhﬁgh accel erate
curing reagti e X [ [ r I and

t hose whi CE aggdgg%{g@aﬁft?ggséggf glrmug%ga%g%? g‘tﬁcﬁgj%a‘ipeé?iaa s_mceg{l eoused.
Exanpl es of theRupakphtdrAkadabirghalie( rbuPsiNdecene-is 4 ddthitiwe
phosphi ne, 2-nmethyli m dazol e, tetraphenyl phosphonium + tetraphenyl borate,

and the |ike. nliiBse B&Ysbeoosed 38 eaehRagloR@ie.in adm xture. The curing
accelerator is contained in an anount of 0.05-1.0% by weight, preferably
0.15-0. 6% by wei ght inahbehtet pre€pexed emboddammasiils ahe ldpdshie  anount
of the curing accelerator is |less than 0.05% by 25 wei ght, curing proceeds
slow y, and, heais, compdabitibny fodeencapes ] atminde ¢ epriaductustans br oken at
renoving of them the resin conposition renmains in the nold, and the
producti vify wBigbnspntadns| gtdéeestopraeedon fsoayengs Vep 1 230Ed & rFhount

exceeds 1.0% by weight, curability of the epox& ,
a’ compdound represented by the following formula (12}, a

compound represented by the following formula (13) and
zinc oxide in an amount of 0.01-1.0% by weight in the
total epoxy resin composition:

15

Mg,Al, (OH) za43p-2¢ (CO3) .~ dR,0 (12)

wherein 0<b/a=1, 0=c/b<1.5, and d is 0 or a positive
integer, and
20

BiO, (OH), (NO,) . (HS1i0;) 4 (13)

wherein a=0.9-1.1, b=0.6-0.8, c+d=0.2-0.4, and d/c=0-
2.0.

25 Another preferred embodiment is the epoxy
resin composition for encapsulating semiconductors in
which an amount of bromine atom and that of antimony

atom contained in the total epoxy resin composition is



resin conposition increases nuch, and, hence, reaction proceeds during
heati ng and kneading of the resin conposition to formgelled products, or
fluidity of the 5 resin conposition at nolding is nuch |lowered to cause
failure in filling or deformation of gold wires. The i n@Pd4# €046 | | ers used
in the present invention can be those which are generally used for

encapsul ating materials. Exanples of theimare fused 10 silica, crystalline
silica, talc, alumnpa, silicon nitride, and the |ike. These may be used
each al one orleff BBANxPuld. bEnbeaghss TrREPeSdAysdive fillers added is
preferably 60-95% by weight in the total epoxy resin conposition fromthe
poi nt of bal anci ng bet wBBRLESInEMRLBLMEN} Afd 2sSEFdcansiictRin@8ViGe t he

amount is |ess than 60%Db i ght, solder resistance decreases . due to
Morease.of mlsPiLEnaBEBLEOTGH RRY PReREN Sy SRy ETSRRY A ORLEY ner o
occur problenﬁhgnabgggdabglit su%h as mﬁng.sme%pin and pad.shifting. 20
The phosphazene conpounag t€ed®Ph"t f8 BPS% APT ERTeECER WAV 1% structure
of skel etog sggmgcgydﬁggorggrnula (14) and act as flame-retardi ng agents.
The flanme-retarding action is presuned to be exerted as follows.

Car boni zation wi th phosphorus in the 25 conpounds is accelerated, that is,
an i nconbusti ble carbonized |layer is forned on the surface of the cured

product of thpEeRDKEDI BEEOREOTRORI bFOruEaRfvERTIOayer protects the
surface of the cured product and 26 May 2006 17 intercepts oxygen, and,

furthernore, nitrogen g@kei 8pogoneeaiag uped haathdepewpesitti on of the
conpound and this gas in vapor phase also intercepts oxygen. It is

consi dered t hanvehneiphospbazdaecatdnpbfundsomepar,t cdikioglers khame retardance
due to the flame retarding effect caused by the actions in both the solid
phase andl?® hePodype¥s phagengPar ekcupae ehakKicgsrupsi ¢nobnehackeruyde of
inmpartation of flanme retardance by the phosphazene 10 conpounds is that
flame retardafRe BPLaoRHRE Wedahkt andwhpéACHAATt BEEUCKUER theseeti s

superior. In general, ) L
re not particularly limited. As examples of the epoxy

resins, mention may be made of biphenyl type epoxy
resins, bisphenol type epoxy resins, stilbene type

15 epoxy resins, phenolic noveclak type epoxy resins,
cresol novolak type epoxy resins, triphenolmethane type
epoxy resins, alkyl-modified triphenolmethane type
epoxy resins, triazine nucleus-containing epoxy resins,
dicyclopentadiene-modified phenolic type epoxy resins,

20 phenclaralkyl type epoxy resins (havihg phenylene
skeleton, diphenylene skeleton, etc.), naphthol type
epoxy resins, and the like. These may be used each
alone or in admixture.

Among these epoxy resins, the crystalline

25 epbxy resins of the formula (2) which are low in
viscosity at melting, are preferred because they assist
reduction in moisture absorption and increase in flame

retardance by incorporating a large amount of fillers.



flame retardance is inproved by conbining resins of high aromatic content
as epoxy resins or phenolic resins. A flame retardance of V-0 rank can be
15 sonetines obtained without using a flame retarding agent for test

pi eces of 3.2 mmthick, which are nolded products thicle®MayBP@%&ness, in
flame retardance test of UL94, while it is sonmetines difficult to obtain a
fl ame retardance of even V-1 rank for t&3t pieces of 20 thin thickness, for

exanple, 1.0 Lt has been found that by adding the phosphazene
conpounds, a frbalyzfr*fé’err&(’éredar?c‘é‘crﬁ 21 SHELetnnHee ks rRRPEHrreekts pi eces

of 1.0 mmthick even with a&iti n of. the conp)unds in a_small anount.
e

This 25 i npar FAER6R 0SS MYy for?émfuétaa?r decel @0 MRS ILRRIRRS of thin
t hi ck Ly . i i t fl di nts ot her than
E h'e_cpﬂiizhéilg 3%5’%6:}%%%?1 L”egﬁa‘g}mﬁféﬁﬁﬁé Kt eolpCﬁs' :t ra_ e:ﬁmpznds

aving a ske i | |
conpognds and%%g?f?ggggn%§gkd§?%§ d 4§§Ddﬁ§§%§§£r9%F§§ FIH T he
formula (14), 1FBRE KGN pERY:LRE o ATRER %Ef%ﬁﬁ;ﬂﬁa IJJ‘¥§”¥06%PQQh? groups

whi ch are 10 sel ectéd from al kyl groups, al kenyl groups, al koxy groups,

aryl groups, angrexpre,ouhsy BAWEOXYR lda0nge POURS d1NASES GRS i n which
at | east one hydrogen atomis substituted with a group having™N, S, 0 or F

atom am no gsolijer kefiobedhlgyltefipeupsuard ahzl,f hearegl KHO AHps, and as
groups having N, S, 0 or F atom there are, for exanple, am no group,
fl uoroal kyl ggenpratedcapt dogr ang, adhesdon pyomertizsd addedpgditior
and thus solder reflowing resistance is good.
10 Therefore, these epoxy resins are preferred.
Especially, since the epoxy resins of the formulas (3)-
(5) are high in the content of aromatic ring in the
resin skeleton, flame retardance of the resins per se
is also high and they have the feature that amount of
15 flame-retarding agent added can be reduced.

The phenolic resins used in the present
invention include all of monomers, oligomers and
polymers having 2 or more phenolic hydroxyl gréups in
cne molecule, and molecular weight and molecular

20 structure thereof are not particularly limited. As
examples of the phenolic resins, mention may be made of
phenoclic novolak resins, cresol novolak resins,
dicyclopentadiene-modified phenolic resins, térpene-
modified phenolic resins, triphenolmethane type resins,

25 phenolaralkyl resins (having phenylene skeleton,
diphenylene skeleton, etc.), naphtheolaralkyl resins,
and the like. These may be used each alone or in

admixture.



Phosphazene conpounds sonetinmes contain 20 hydrol yzabl e groups resulting
fromside reaction products contained at the tine of synthesis reaction.

Si nce the groups produce phosphate ion and phosphite ion_upon hydrolysis,
in the senm conductor devices in which sen conductor el éfrftys29be

encapsul ated with an 25 epoxy resin conposition containing a phosphazene
conpound, phosphate ion and phosphite i ®A are gradually produced by
absorption of noisture and, hence, they corrode alum numcircuit of the
el ements or adhesi on at BSPa@iarlane signice heesin esheketeon efethetal and the

cured product ?{ EQF epoxy resin conposition tends to be deteriorated.
Therefore, th&15Y lQM#%ﬁﬁ“%ﬁrﬁﬂﬁﬁﬁﬁﬂﬁﬁgiQﬁ]tQﬁuF?ﬁ%%bﬁ?té7lbﬁ9boh§ained

in a phosphaz cQ und i.s preferably. not re than 500 ppm based on
t he 'phosphaze%@%cr&?g%%ﬁ&' ati'k?lp%rcﬁ%e[# FISAHGET Skt O‘ﬁr%‘?ﬁ\?‘é €to reduce
the total wei rl carryi out_.purification repeatedly. If
the total welg:llgE %to ftqﬁlosp dgt lei}’ e|Solnd3‘easrrfd %%o’s%ﬁfaenqeor{a%%%% ch%%s 10 ppm
corrosion of | ik G | &Y . hesi @n bet ween
the cured gr ogﬁtg?élg:‘gclp%emce&plgo@ q{heegi n conésoa %I Otf]s aln%rf%lgg'ne%% IS

deteriorated, tdtefites thelPthaVeeitald sba MY S wté‘faglbﬁépéc}@tgtion and
n

phosphite ion contained in the phosphazene conpound 15 ca e determ ned by
di spersi ng t hgcpkiespraza ey i ng0 HRepitdthratf{d, hehdd OSatk PEessss e vessel
and then subjecting to extraction with water under the condition of

sat ur at ed vapgenpresedr ¢ s( 103 aird JadMe shi2h{C.i sThfipeXiidicdndnchgs carri ed out
under the condition that the 20 total of the extraction amounts of

phosphat e i onsahdderpiedphwiag oesisteatas dtsedijoddy geNlvrs) ,tlexde action for
50-200 hours is sufficient. It is preferred to use the phosphazene
conpounds 1PepPbeapildég Besins Baemprefexpechavifivy thensare 25iMeosity of
0.7 x 10-2 to 5 x 10-2 Pas at 150C. The phosphazene conpounds having a nelt
viscosity of FB&Se PhERodiz xesdns pge Mighsdo dhe wantRn &@f ed because

t hey "cause deterioration of_curﬁpility of the epoxy
aromatlc ring in the resin skeleton, flame retardance

of the resins per se is high and they have the feature
that amount of the flame-retarding agent added can be
15 reduced. |
Blending ratio of the epoxy resin and the
phenolic resin is preferably such that the ratio of the
number of epoxy groups in the whole epoxy resin and the
number of phenolic hydroxyl groups in the whole
20 phenolic resin is in the range of 0.8-1.3. 1If the
ratio is lower than 0.8, curability and heat resistance
of the cured products deteriorate and moisture
absorption rate increases, and if it exceeds 1.3, heat
resistance and flame resistance of the cured products
25 deteriorate.
The epoxy resin is contained in an amount of
3-12% by weight, preferably 4-8% by weight in the total

epoxy resin composition, and the phenolic resin is



26 May 2006 20 resin conpositions, and cross-linking density and strength
decrease nuch. Those which have a nelt viscosity exceeding 5 x 10-2 Pas
are not preferred because they are high in nolecular weight and 5
impurities are incorporated in |arge anmobunts at the tiﬁé%HFY%QQﬁhesis
thereof to tend to cause deterioration_of heat resistance and increase of
noi sture absorption. Measurenent of t helfel t viscosity at 150C in 10 the
pr esent inventg%£gs conducted for

a sanpl |ten . at_the asurjng part
heated at 150C0SiNG % o2 AT acftgr%ilgoc ¥ rffHur eﬁﬁ%f%’aawﬁi'/y MI'S
Engi neeri ng — N rq?%pt qnﬁi e ﬁ@ﬁp 15 havi ng
a skel eton sﬁgvvr?%b?/ﬁ?ﬁeelyg&n} a 4)t°are %égér}ggggrﬁa%lﬁpbcy eé)#{(;g%\lﬂ a (15)
wherein n is af ML lour®d oF 0, Fﬁﬂ}q' ' 1{71%%1 ﬁ?aggs Sidd nt organic
groups which are sel ectoélclil froomlcz%%kyﬁ g o:}]joess,Sl al keny g%%psi, gﬁioxy
groups, aryl @eQyh% oA YHRY off RS prAPG Y P/dl KV £NG L 0Upsn 365§
groups in which at |east one hydrogen atomis substituted with a group
having N, 55 weightf FQeNdidRi BE HHRURSs i WHngddilidH AP melWing is
fl uoroal kyl oxy groups, and as the groups having N, S, O or F atom there
are, for exanpgle¢erdorategr awp caisef |fzinameyiln ghidllp, ngres:c aj fio gratioon
hydroxyl group, and the like. O these groups, aryloxy group is preferred
fromthe poi ne§ gPlieairessi stldnddeamthawitstaff ehe egistyaneessimand it is
desirable that at |east n of 2n 26 May 2006 21 RI's are phenoxy groups
from the poi nE&C6LSEokBEt i Medghtyjarh that dfsithe ahsorenits 28EiF [uidity of

the epoxy resin caompgosition. RRR | 5 R \N=P
exceeds 10% by weight, water absorption of the epoxy

10 resin composition after molded increases and, besides,
flame retardance is deteriorated.

The curing accelerators used in the present
invention can be any of those which can accelerate
curing reaction between epoxy group and phenolic

15 hydroxyl group, and those which are generally used for
encapsulating materials can be used. Examplés of them
are 1,8-diazabicyclo(5,4,0)undecene-7, triphenyl
phosphine, 2-methylimidazole, tetraphenylphosphoniumd
tetraphenyl borate, and the like. These may be used

20 each alone or in admixture.

The curing accelerator is contained in an
amount of 0.05-1.0% by weight, preferably 0.15-0.6% by
weight in the total epoxy resin composition. If the
amount of the curing accelerator is less than 0.05% by

25 weight, curing proceeds slowly, and, hence, moldability
decreases, molded products are broken at removing of
them, the resin composition remains in the mold, and

the productivity is conspicuously deteriorated. If the



PN=P-R, (15) R-'" Ill RRR ' Jn Fromthe point of fluidity of the epoxy
resin conposition, as the cyclic phosphazene conpounds having 10 a
skel et on shown by the fornula (14), the phosphazene coq?ounds represent ed
by the fornmula (1) are preferred and n is an integer o20Bay2988 Ris the

sane as RL in the formula (15). O the groups, aryloxy group is preferred
15 fromthe points of heat resistance ah® npisture resistance, and it is

desirabl e tha east._n .of .2 s _ar.e.phenox roups fraom the points of
conpati bi | i tygm\%lhph %ﬁgegﬁi&)} '?ésgﬁ' gﬁ&gﬂ%i d’iut’ilf‘b 1He oeé)d:;HF reé%‘?’ﬁ/
conposi tion. .are. ich have a 6.20 nmenbered .ring of
trirrprrer as a n%/?%ggg{&grgﬁé%Eng&/é%?%ggﬁ\gsgp z‘alzcéirie. (%lrfp&?r?&se'i rf%ﬂﬁq:c]‘r?na? .

| east one of gRoResdkSqfirBALYRKKELKY 8RR RrAURLIIPIRYGnLUmALI DI TTY with
t he epoxy resin, resulting rn 1 nprovenent o me retardancé and hot

strength of 2Bompbedtpbadust $o0h HBE 18RORY RS ,COMPI LRy S :ég,% ot her
n e

hand, pol yoxyal kyl ene group cause$S hi gh nmoisture absorption-~a nunber

of themis5preésiabtympositibasst AB1NBYG2QR0 mdeh YRARWE + oL }¥Guse
phosphazene conpounds i n which at |east one of 2n R s has an am no group
forma chenm failboadibefikzingheredefyrmasinnand goed wiespghazene conpound
and, hence, inprove hot strength 5 of cured products of the epoxy resin
conposition and refl owrhg irsrganncefilietrbeuseldedinhahe, pwlesenthe nunber
of am no groups increases, fluidity of the epoxy resin conposition at the
time of noldi HYVeERtiget epRobat tdcandwhhah ehe genesrldly ulsed iforpreferably

10 n or less. Exanples of the cyclic phosphazene conpounds represented by
the fornul a (ﬁﬁc%ﬁ nlating materials. Examples of them are fused

10 silica, crystalline silica, talc, alumina, silicon
nitride, and the like. These may be used each alone or
in admixture. Amount of the inorganic fillers added is
preferably 60-95% by weight in the total epoxy resin
composition from the point of bélancing between

15 moldability and solder resistance. If the amount is
less than 60% by weight, solder resistance decreases
due to increase of moisture absorption and if it
exceeds 95% by weight, there occur problems in
moldability such as wire sweeping and pad shifting.

20 The phosphazene compounds used in the present
invention have the structure of skeleton shown by the
formula (14) and act as flame-retarding agents. The
flame-retarding action is presumed to be exerted as
follows. Carbonization with phosphorus in the

25 compounds is accelerated, that is, an incombustible
carbonized layer is fofmed on the surface of the cured
product of the epoxy resin composition, and this layer

protects the surface of the cured product and



hexapr opyl cycl ot ri phosphazene, tetraethoxydi propoxycyclotriphosphazene, 15
hexaphenoxycycl otri phosphazene, triphenoxytrianilinocyclotri phosphazene,

bi s( oxypol ypropyl ene glycol) tetraphenoxytri phosphazene

hexaki s( 3- mer capt opr opyl ) cycl ot ri phosphazene, 26 May 2006
hexakis(heptafluoropropyloxy)cyclotrithfphazene, and 20 the like. Qher
preferred cyclic phosphazene conpounds I ncluded in the present invention

e oo COTRRLBESeEaTRLShRD, B8R, XL bERA g dpda g oot

cyclic phosphazene roug nof her ~6r §

hi gher flame é@ﬁ@fgégﬁfu?ﬁﬁrhgégnggeﬁgghggigO%Q%EO%%%Sc%%%%uﬁmf%ﬁﬁfhyre i n

which a part of Rs o0 e cyclicp azene conpound represente t he

formia (1) apdia §astiffvEosr0bnaltal BeLoCYRlbs 2B cin,R% 23 phgsphazene

conpound are substituted wth a divalent organic group ereby these

cyclic phOSph@dﬁﬁﬂdeﬁéﬂpﬂﬂﬂgstﬁéeﬁﬂ@ﬁﬁﬁgzeﬁ@dc@&pbﬂ%dgi!ﬁbﬁ&% Q& §aYC 9roup
whi ch bonds both the cyclic phosphazene conpounds, 5 preferred are those

groups for¥redtbyme erevangahin® dbydtogeReakoaRmel FetnhrdhegX ki faceups of di ol
conpounds such as 1, 6-di oxyhexane and those groups formed by renoving two
hydr ogen at onsausednly f tinet aobadbnpheénoboth thepevidd phabeaanbydhequi none,
4, 4" - bi phenol and 10 bi sphenol F. Both the cyclic phosphazene conpounds may
be the sane Of2RRY fRra$®. The structures of cyclic phosphazene conpounds
bei ng bonded to each other are exenplified by the formulas (16) and (17),
but are not limted by Edeticukar yeharesterishéseofothel mennghecofhosphazene

conpounds are disclosed in JP-A-55-27344, JP-A-11- 181429, etc. NN"~p "'
(16) p 0 Q dq?artatlon of flame retardance by the phosphazene

10 compounds is that flame retardance of molded products
which are thin in thickness is superior. In general,
flame retardance is improved by éombining resins of
high aromatic content as epoxy resins or phenolic
resins. A flame retardance of V-0 rank can be

15 sometimes obtained without using a flame retarding
agent for test pieces of 3.2 mm thick, which are molded
products thick in thickness, in flame retardance test
of UL94, while it is sometimes difficult to obtain a
flame rétardance of even V-1 rank for test pieces of

20 lthin thickness, for example, 1.0 mm.

It has been found that by adding the
phosphazene compounds, a flame retardance of V-0 rank
can be obtained for test pieces of 1.0 mm thick even
with addition of the compounds in a small amount. This

25 impartation of a high flame retardance to molded
products of thin thickness can hardly be attained with
flame retarding agents other than the phsophazene

compounds.



0,1 0Oh N~ ~NNz~, ,NO'J'\0. - QPO 26 May 2006 24 N NN ~P (17)
AP Ot( )1-OOP 51 LI INN,, ::~ NN~ ,NP O ~Pll 0, 1 Melting point of
t he phosphazene conpounds of the present invention is preferably 60-150C.
If the 10 nelting point is |ower than 60C, there are préﬁﬂgﬁﬁzo?%at t hese
phosphazene conpounds bleed to the surface of nolded products at the tine
of nolding of the epoxy resin conmpositilds to stain the nol ded products or
nol ds and, besides, deteriorate hot strength of the 15 cured products of
the epoxy resin conpositiRmsPh$phaeengeterpgupdsnharingi ghekeiREAN150C,
there are problens that they deteriorate in conpatibility with the resin
to cause incr IOV ARarFOFiar (bfk +esiudanserasghtgehainoration of

fluidity of the epoxy,resin 20 conpositions at nol ding. Anmount of the
phosphazene c&ﬁ&#ﬁﬁﬁ?%ﬁa?£écyﬁ¥%%e%ﬁmP%Q%a?ron is preferably 0.01-5% by
wei ght, nore preferably 0.1-2% by weight in the whole epoxy resin
conposition. If the anount iRl esq than 0.01% by 25 wei ght, flame
retardance § s insufficipnt, gnd if] it exceeds 5% by weight, curability,

heat resistance and -sixengitlpareqdeteriorated and ppjsture absorption rate
I ncreases. The phosphazgne cqnpounds may be used each 26 May 2006

R

As R’s in the formula (14), mention may be

made of same or different organic groups which are

10 selected from alkyl groups, alkenyl groups, alkoxy
groups, aryl groups, aryloxy groups, polyoxyalkylene
groups, these groups in which at least one hydrogen
atom is substituted with a group having N, S, O or F
atom, amino groups, fluorcalkyl groups and

15 fluoroalkyloxy groups, and as groups having N, S, O or
F atom, there are, for example, amino group,
fluorcalkyl group, mercapto group, hydroxyl group, and
the like.

Phosphazene compounds sometimes contain

20 hydrolyzable groups resulting from side reaction
products contained at the time of synthesis reaction.
Since the groups produce phosphate icn and phosphite
ion upon hydrolysis, in the semiconductor devices in
which semiconductor elements are encapsulated with an

25 epoxy resin composition containing a phosphazene
compound, phosphate ion and phosphite ion are gradually
produced by absorption of moisture and, hence, they

corrode aluminum circuit of the elements or adhesion at



25 alone or in adm xture. The epoxy resin conposition of the present

i nvention can contain a flame retarding assistant for the purpose of
inproving flame retardance in addition 5 to the conponents (A%-&F). n
order to attain flane retardance of the epoxy resin coﬁ%ﬂ@??'@ W th
addition of the flame retarding assistant alone, it nust be added in a
| arge amount. Addition of it in a |argel%anmount causes deterioration in

Cotncti on i n S RAFEACT 1RE Ry e AL SRS eReRd BESIBUSEnERet he
fotardance caf R HeR T PO UTATE SrES HS HecHeTartoPACE s mal T anount
cesistants, there g lefArE, Mg Wiaftet fonl AP cRRE SRR Yian om
The et al - hydros BrOShiE S QAR NE £ Sei An DoBhEdSRs | 201
hydroxi de 3ol ii@ py@AddaM) ¥ HUETRIRL L t4o Fiobh OV Hgq f o8 i@ (10) have

the effect to inprove flane retardance with addition of themin a small

anount due tophbeptyweird ddnpRidEctantd pd dti diliea PIpsphazengogeMpounds, and
they are especially effective for this purpose. Mji-xMW (OH) 2 (10) 26 My
2006 26 wher gpire firdenbites mdueasthototdi valendhtret @l nsetegt@doy f rom t he
group consisting of M, Fe, Co, Ni, Cu and Zn, and x denotes a numnber

whi ch sati sf i €8rEyanichegialpuni fiGayiswbehed ey f | ahe the araiany nmechani sm
of these netal  hydroxides is such that the netal hydroxides begin
dehydrati on aFetABLt iofe PR SPlatiendg aro agsk P srinite idreretseednd=dd ng t he
bur ni ng rﬁ ction. Furthernore, it is known that they accelerate '

car boni zat PonPBR/ t RETFOEMre @t d§tR L ldf G Gl el RIXTRARRIOEY T Bne

and adhesion between the cured product of the epoxy
resin composition and the metal is deteriocrated, and
this is not preferred. BAmounts of the phosphate ion
and phosphite ion contained in the phosphazene compound
15 can be determined by dispersing the phosphazene
compound in water in a closed pressure vessel and then
subjecting to extraction with water under the condition
of satﬁrated vapor pressure (2.3 atm.) of 125°C. The
extraction is carried out under the condition that the
20 total of the extraction amounts of phosphate ioh and
phosphite ion is saturated. In general, extraction for
50-200 hours is sufficient.
It is preferred to use the phosphazene
compounds represented by the formula (14) having a melt
25 viscosity of 0.7 x 1072 to 5 x 10 Pa-s at 150°C. The
phosphazene compounds having a melt viscosity of less
than 0.7 x 107 Pa-s at 150°C are not preferred because

they cause deterioration of curability of the epoxy



retarding |ayer which intercepts oxygen is formed on the surface of the
cured product. Furthernore, these netal hydroxides have the effects to
properly | ower the heat absorption starting 15 tenperature and inprove the
flane retarding performance. 1f the heat absorption staf®May2408nperature
is too low, noldability and reliability are adversely affected, and if the
heat absorption starting tenperature i20higher than the deconposition 20
tenperature of the resin, flame retardance deteriorates, and the heat
absorption stﬁﬁﬁFﬁgcoméﬁﬁél’Capuﬁe @nd momréllnﬂvdlg)ﬂajmw arite present
invention is suitably 250-350C. Especially preferred M of the netal

hydr oxi de SO|§Hr§BgE¥IgﬁcFSﬁFQS@ﬁng bfhpset whifcdy have @®elts Nit and

Zn24. Anmount of the, al éﬁﬁOXlgeS of the present invention is
preferably 1- V58685 i GHEe *ef8r al?lay S1 AIRRE RIHRARTLSE t he t ot al

2 0 t h t than 1% b

i ght . fla e?%%{s?d%x pee; REGR foi BRLCCHIAs MoseRbcBele 15% by
i ght d { ol d det ; ot
Average part TS A EhE0 RER; ShRBERRAR SR ho e ri embb e oy et

invention is p{glesab 0 p I 10 pm As zinc
borate, nention 69 é%ntgeélg t§§E$§?B§83E§B§H%% %f% %BZO3H20 etc. in
view of the @@i@ﬁ%ﬁgtbsﬁw@.@nh&hé”‘éeg%%ﬁéacsnaminrc‘i‘-'e'a%*é' gty for 10
noi sture resistance, and especially, 2Zn0 3B203.3.5H20 shows high flane

retardance. Ammimiuoé absesrpeishe is preferably 1-20% by wei ght, nore
preferably 1-10% by weight in the total epoxy resin conposition. If the
amount is |ess than 1%MyaserghentfbaneheenatdaneecositdbatnggoPecignt, and
if it exceeds 20% by weight, reliability for noisture resistance and

mol dabi | 13§ dhe REQ%#mbram@dntﬁweragecpadtctbd diozmat sampd epmefleeabl y

1-30 gm nore preferably 2-20 pm It is considered that zinc nolybdate 20
accel erates cHr o A3 HRr bRg t hertuhedtedsah WABRC using an ICI cone

plate viscometer manufactured by MTS Engineering Co.,
Ltd.
.The straight chain phosphazene compounds

15 having a skeleton shown by the formula (14) are
represented by the formula (15) wherein n is an integer
of 3-1000, and R,’s mean same or different organic
groups which are selected from alkyl groups, alkenyl
groups, alkoxy groups, aryl groups, aryloxy groups,

20 polyoxyalkylene groups, these groups in which at least
one hydrogen atom is substituted with a group having N,
S, O or F atom, amino groups, fluoroalkyl groups and
fluorcalkyloxy groups, and as the groups having N, S, ©O
or F atom, there are, for example, amino group,

25 fluoroalkyl group, mercapto group, hydroxyl group, and
the like. Of these groups, aryloxy group is preferred
from the points of heat resistance and moisture

resistance, and it is desirable that at least n of 2n



burni ng occurs, to cause interception of oxygen in the air, whereby
burning is stopped and flanme retardation 1is attained. Zinc nolybdate nmay
be used singly, but tends to easily absorb water, and when the anmount 25
t hereof increases, water absorption of sem conductor dé0iM®E20%cr eases,
whi ch m ght cause deterioration of reliability for noisture resistance
and, furthernore, deterioration of nolgability. 26 May 2006 28 |In order
to reduce the water absorption rate, it is preferred to use inorganic
materi al s suchia® areapRentsy geoups, frbmythei poiokisdef campaghbdddbynat e,
alumnumnitride, alumnumsilicate, magnesium5 silicate, the

above- ment i on¥athndhgases 1y |qoapeneEnise @ndsflivdaliter yaf aihe mPa®Y i ca, talc,
alumna, silicon., nitride, etc.), and the like which are covered with zinc
nol ybdat e. As*ESrE FREEPE3INEO%said inorganic fillers are preferred, and
fused spherical silica or 1 alc is st preferred fromthe points of
handl eability and cost.ng coveriRyg tHe core terial, only zinc

nol ybdat e gn the surfface|actis as d flafe- retdrding agent, and since

addi tion of zinc nol ybdape- W&EpLs$not needed, increase of
wat er absorption rateg ¥ carf be inphibiged and|no aability can be inproved.
Covering anmount of zint I bdateRis referably 5-40% by wei ght based on
the weight of the core tdrial. “Average partiicl e di aneter of the core
material covered with zinc nol ybdate is preferably 0.5 20 30 pin, and the
nmaxi mum particle di amet ekoms tﬁéegéfiﬁ@ YE FOLikEke TR dpBxy RN Of
zinc nolybdate is preferably 0.05- 5% by weight, nore preferably 0.1-3% by
wei ght in thecomnptaltipoxyaseshe egapasi phedphlhizenke compdlindss HadShg 25
than 0.05% by wei ght, flame retardance cannot be obtained, and if it
exceeds 5B8byawekghetonoshowni hyuthei Esrinnlehd 1dpexyhee b sphrzesiet i on
increase, reliability for noisture resistance in pressure cooker 26 My
2006 29 compounds represented by the formula (1) are preferred

and n is an integer of 3-7 and R is the same as R, in
the formula (15).
Of the groups, aryloxy group is preferred
15 from the points of heat resistance and moisture
resistance, and it is desirable that at least n of 2n
R’s are phenoxy groups from the points of compatibility
with the epoxy resin and fluidity of the epoxy resin
composition., More preferred are those which have a 6-
20 membered ring of trimer as a main component.

Cyclic phosphazene compounds in which at
least one of 2n R’s is a polyoxyalkylene group improve
compatibility with the epoxy resin, resulting in
improvement of flame retardance and hot strength of

25 cured products of the epoxy resin composition. On the
other hand, polyoxyalkylene group causes high moisture
absorption and the number of them is preferably n or

less.



test and the like is deteriorated, and noldability is also deteriorated.
The flame retardi ng assistant conprising a core material covered with zinc
nol ybdat e can be 5 obained, for exanple, in the follow ng manner.

Mbl ybdenum oxi de and a core material (fused. spherical ZiMag200¢alc or the
like) are mxed with water to prepare a slurry. This slurry is heated to
70C, and slowy mxed with a slurry of 22inc oxide, followed by 10 stirring
the m xture for about 1 hour. A solid material is taken by filtration and
water is renoved at 110&Tregidex hetyehec spihdsphazene atongogndsnin Then, the
ground product .is fired at 550C for 8 hours to obtain the desired flane
retardi ng assi'Stifift 2t cledst ROk ot Rx@shasecan i amibe BERYBRNECIRngenti on

act as flane-retardi ng.agents, and flanme retarding effect can be obtained
with additi oncg’f 'HFea:}‘x Cﬁ“g REfHee R Mt PR Feskp Aptekes of the

t t those whi d by di pat 20 1'i gand
Cel oot od 11 omPHSRIIARAS RTH U1 S dt et o, ImBHOTe By AP Fenal

t hi ocyani c 5aC|0qE @Jﬁ@ﬁcﬁlc@é ecpgnéh %&g elg §%Ta$£€o n%r)oux%(s:grg |est| ng of

Co, Cu, Zn, N, and exanp cobal t
naphthenate qg&@d@ éHE% C t zinc

acetyl acetonato, etc. hese ma e used eaéﬁéh oﬁg%%? ﬁﬁ%%gn€§?ure Anong

them cobalt mapibierat %m&mprgeicﬁ{pr@dmél%@é@& Iflﬁ?&ﬁp@a@'@héye bep flane

retarding 26 May 2006 30 performance and furthernore e anount of 1t can

be reduced. Hesifl amenpoatiaridime tradhan e off theld®iqlis conpl exes of the
present invention is considered to be 5 the effect of inhibiting the
gener ati on of degebistiatlesl ara athiuse Wenpomesds @f theni g prsfétabef f ect  of
acceleratlng t he carboni zation of the cured resin to forma flane

r et ar di ngllay@&r oxhil&$si-nt ercepts oxygen on the surface of the cured

product. 10 Anount of the netal conpl exes of the present
Examples of the cyclic phosphazene compounds

represented by the formula (1) are
hexapropyleyclotriphosphazene,
tetraethoxydipropoxycyclotriphosphazene,

15 hexaphenoxycyclotriphosphazene,
triphenoxytrianilinocyclotriphosphazene,
bis (oxypolypropylene glycol)tetraphenoxytriphosphazene,
hexakis (3-mercaptopropyl)cyclotriphosphazene,
hexakis (heptafluoropropyloxy)cyclotriphosphazene, and

20 the like. |

Other preferred cyclic phosphazene compounds

included in the presenf invention are those compounds
comprising one cyclic phosphazene bonded to another
cyclic phosphazene through another organic group in

25 order to obtain higher flame retardance. For example,
these compounds have a structure in which a part of R’s
of the cyclic phophazene compound represented by the

formula (1) and a part of R’s of another cyclic



invention is preferably 0.001-10% by wei ght, nore preferably 0.01-5% by
weight in the total epoxy resin conposition. |If the anount is |ess than
0.001% by weight, flame retardance is insufficient, and if it 15 exceeds
10% by weight, curability is deteriorated. Use of an of@d#p809si| oxane
represented by the formula (11) as a flanme-retarding agent is also
effective in view of the synergistic ef4®ct with the phosphazene conpound.

20 R -ji-0_i- i:R RI IRR25 Rs inth ' il ted
by the formiPROFRIFZarE RORBOHENATEr SHRSE gUBaRe ik 2361 VAU DY v ght
f all th o h I dth i_ni [
or oups are at o Sact 258 RRp "hheBEY thrdey P TecrBeBRI SRR e o oup
i sti f Ay - ' [ | kyl al k
of 16 car bor BReRRadLREY, BURSLL "RRA, d5OHer I ARAy BoBT GRLY 0UPS

r oup- SbSt ity e6h O GAES ChBERUPRe. ERAYY CORAURLRASURS! LbiEB-Ggani ¢ gr oups,

hydr oxyl group-substituted organic”group nmercapt o group-substituted

organi c 95Oyﬁﬁeféhféd0&9@“@H8£¥5gkeﬁ?§efb%m@d'b?UEQmBQER%UQ@o of |ow
nmol ecul ar wei ght. When sil oxane skel eton has phenyl groups, 10 vinyl

group- subst i thetoge gt Smyr oxPs Bydabkylabkenps 8F0HRS10tohpBusdsbon
atons, the organopol ysil oxane can readily dissolve in the resin and can

pl asticize thmuchess n], &rdiorghaxarsubhd thesepgxypupestpraedpbyi tion can
be readily adhered to various netals and adhesion 15 can be inproved.

Mor eover, 30-1909% by wevghhydfogere atomal fopgahifugcbipsadr phphedyk groups,
and these phenyl groups contribute to i nprovenent of flame retardance. In
the case of PRARRAYRATVFEFE o@nkydoogeanener oAall ybipbenpd epdxy resin

conposi tions for . encapsul ati ng sem conductors, a pol yal kyl ene oxi de
P 16‘ blsphenolr%. Botg the cyclic phosphageng co%pounds may

be the same or different.

The structures of cyclic phosphazene
compounds being bonded to each other are exemplified by
the formulas (16) and (17), but are not limited by the

15 structures of these formulas. The phosphazene
compounds are disclosed in JP-A-55-27344, JP-A-11-
181429, etc.
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conponent is introduced for giving conpatibility with the resin. This

pol yal kyl ene oxi de conponent is inferior in water resistance owng to its
hydrophilic 25 group, and sem conductor devices encapsulated w th an epoxy
resin conposition containing the organopolysiloxane wheétdVlay £8¢6 conponent
is introduced, are high in water absorption and tend to deteriorate in 26
May 2006 32 sol der cracking resistancepgHowever, the organopol ysil oxane
represented by the fornula (11) used in the present invention contains no
pol yal kyl ene oxi de, and, hence, causes no problem of increase of 5 water

absorption rate. [ S essenti a S in the anopol ysi | oxane
represent ed by thégﬁérnula (11) : oval ent orfgapic groups, and that
30-100% by wei ght all the gani ¢ gf@ups,_are ptawyl groups. If the 10
amount is | ess than 39% byNeei/ght ereN s Nhe ddssibility of,
deterioration in conpg biIit@' Q"Pesin,Rqﬁntributioﬁ {4 i npr ovenent
of flanme retarda 2% hi ghzt enp ature'stoigge acteristics.
Furtherm)rg3 pol z ﬁjgggggree of theN¢1éQ gazgéélysiloxane
represented by th ornqi ¥Ad1l) in the pres 6 i nv ion (the value n in

the formula (11)) igs~prefer 5-100 P~ t he ue n as an average value
is less than 5, vapessur hi grrpera@s i ncreases and the

or ganopol ysi | oxane i 0 evapO ed at e nold tenperature of the epoxy
resin conposition and does not remain in the sem conductor device, and if

it exceeds 100, nelt vi@clqéﬂr{(%/_Fggiﬁ@?ﬁﬁ%}geﬁnﬁgﬁ%@or@s&&h 0. hGSrgases to

cause deterioration of noldability. 2 gani ¢ groups ot her

than phenyl @heuprdfsen¥ aff/filiomtid §AS r NG OF O SRIRC ed ¢ fm vi nyl
group-substituted organic groups and al kyl al koXy groups of 1-6 carbon

at ons, andOanmelttioly 2@iMay 20QweYr HHESGTOQURREre Rl @ra¥lenot nore
t han 50% by wei ght
that these phosphazene compounds bleed to the surface
of melded products at the time of molding of the epoxy
resin compositions to stain the molded products or
molds and, besides, deteriorate hot strength of the
15 cured products of the epoxy resin compositions. If the
melting point is higher than 150°C, there are problems
that they deteriorate in compatibility with the resin
to cause increase of variation of flame resistance and
deterioration of fluidity of the epoxy resin
20 compositions at molding.

Amount of the phosphazene compounds of the
present invention is preferably 0.01-5% by weight, more
preferably 0.1-2% by weight in the whole epoxy resin
composition. If the amount is less than 0.01% by

25 weight, flame retardance is insufficient, and if it
exceeds 5% by weight, curability, heat resistance and

strength are deteriorated and moisture absorption rate

increases. The phosphazene compounds may be used each



of all the organic groups. If it exceeds 50% by weight, content of the
phenyl group decreases and there is the possibility of deterioration in
flame 5 retardance. Fromthe point of inprovenent in flame retardance,
preferred are vinyl group-substituted organic groups vt Beyz200@| erate

radi cal reaction at burning and al kyl al koxy groups of 1-6 carbon atons
which chemically react with silica at kgrning. 10 In the present invention,
particularly, from the viewpoints of reliability for noisture resistance
and i nhi bi ti cnl@ite dur ekt czdmixrure. adhesi on between a |lead frame and the
epoxy resin conposition, it is effective to add ion scavengers which
scavenge 15 phosphat e e #RPBNOSPH R ecompogbhipat ofl thenpresenphosphazene
conpounds and fix these ions. As the ion scavengers, preferred are at |east

one conpound WEIRRIRP 153 IR DI FEapenpotabding aswbstanrkufar(12),
Bi - based netal_ conpounds of the 20 forpula (13%aand zi nc oxi_ de. ggaAlb (OH)

2a+3b-2¢c ( he P g 12 WRFAIrD<blame retagdarae oin 2dditiQip or a

positive 5.nteger. Bl Ca b (HS1M)d_(13), 26_ May. 20 34 wherein
a=0.9- 1. 1,52 b<¢ 6 .é:,°“tP+C&P=%“.C§Q- 0@5,0—8 Qﬁ’d- d/ ‘lo‘?r‘g%.t‘l\n%%%l%fgf €ion
scavengers i Y, - 1% | ght . prefer y 1: 0. 9% by
weight 5 in ?heglrate%oga epooﬁ&]{r)%sﬁ]%&ggn%%és?‘?i%%rggégl? 2 a%a%}#]tac?%ltf‘%%s t han

0.01% by wei gfft .t RhospHAL e-d o Bt PIOSPE 4 8 4 PO &0 P&, Sgavenged, and,

hence, reliability for npisture resistance Is not sufficiently inproved.

If it exceedsiddd b i H¥ge tHRIMOCCUEIOEI 6K 1 OF afd Ofh of JDrgarability
and adhesion to cause reduction in soldering resistance. The epoxy resin

conposi ti on ancute WRRRA ddHBLeIRE O SO Ri ASrdBE] T ntsu{dtyfF) as
essential conponents and, optionally, a flame retardi ng assistant 15 and
an ion sd@vengereazyed it meElstadt tdbEwEtptyl @ont#te) and reduction. in
strength of the epoxy resin composition, but by using
the assistant in combination with the phosphazen
compound, higher flame retardance can be obtained by
addition of the assistant in a small amount due to the
15 synergistic effect of them.
As the flame retarding assistants, there may
be used at least one metal compound selected from metal
hydroxides, zinc borate, zinc molybdate and metal
complexes.
20 As the metal hydroxide, aluminum hydroxide,
magnesium hydroxide and a metal hydroxide solid
solution represented by the following formula (10) have
the effect to improvelflame retardance with addition of
them in a small amount due to the synergistic effect

25 with the phosphazene compounds, and they are especially

effective for this purpose.

Mg, M, (OH), (10)



various additives, e.g., silane coupling agents, coloring agents such as
carbon bl ack, releasing agents such as natural wax and synthetic wax, and
| ow-stress additives such as silicone oil and rubbers, and the 20 |ike.
The epoxy resin conposition of the present invention c¥nhMg&288¢ai ned by

m xi ng conponents (A)-(E) and other additives sufficiently uniformy by
use of a mxer or the like, and furthé&&ore nelt-kneading the 25 m xture
by hot-rollers, a kneader or the like, and then cooling and grinding it.
For encapsulaﬁhﬁﬁe%ﬁrMoﬂgnétéétaénléaﬁﬁrPQE §a&ﬁl&§t3@ﬁﬁéénéag?@¢edlenents
using the epox re5|n 26 May 2006 35 conposition of the present invention,
curing and MR FTBUP cEPRFLALHLT BY ¥BnvERei 6Ral Nw| BRngndménhods
such as transfer noldin ressi on di injection nmold and the
li ke. Senlcoﬁﬂ%%tﬁrd%%Qgéﬁs E%ﬂeﬁewﬂﬁﬂé ﬁ@gﬁéfﬁﬁé ébﬁxﬁnﬁggﬁhlgﬁnposition
of the present, igxggbl n by known nethods. BEST MODE FOR CARRYI NG OUT THE
| NVENTI ON The preseﬁr i'fvention wll be explained 10 speC|f|caIIy by the
o ent ] 0 FrarD S annofhe SPOMhY 0P 0FndORBLAURTSASE! FhLERONERS)

i nvention I n any manner e mXin 1 oONns O e conponent’'s are

parts by wei ahydrd:di dxanps es@@h EPL?SS&’ £ﬁé'ﬂe%aﬂahgh¥o§9389563cq;% the

structure of e formula (18) (nelting point epoxy equivalent: 191
?llg)q. %ZHB . cferﬁycpﬁdﬁﬁorbyammttﬁh@ Of Ghrfin§He® §b8cEEBha 2 CQ , CH2

thereby hindering the burning reaction. Furthermore,
it is known that they accelerate carbonization of the
10 cured resin, and it is considered that a flame
retarding layer which intercepts oxygen is formed on
the surface of the cured product.
Furthermore, these metal hydroxides have the
effects to properly lower the heat absorption starting
15 temperature and improve the flame retarding
performance. If the heat absorption starting
temperéture is too low, moldability and reliability are
adversely affected, and if the heat absorption starting
temperature is higher than the decomposition
20 temperature of the resin, flame retardance
deteribrates, and the heat absorption starting
temperature of the metal hydroxides of the present
invention is suitably 250-350°C. Especially preferred
M* of the metal hydroxide solid solution represented by
25 the formula (10) is Ni*" and 2Zn?.
Amount of the metal hydroxides of the present
invention is preferably 1-15% by weight, more |

preferably 1-10% by weight in the total epoxy resin



Phenolic resin 1 represented by 25 the formula (19) (softening point: 77C
hydr oxyl equivalent: 174 g/eq.) --- 4.9 parts by weight 26 May 2006 36 (19)

5 Phosphazene conpound 1 represented by the fornula (20) -----------------
0.5 part by weight 10 O~~N~ (20) O i N~ , N Fused spheri263ax20Gtca (average

particle 15 dianeter: 20 gm) ----------------- 88.0 parts by weight
Tri phenyl phosphine ------ 0.2 part by we¥ght Epoxysilane
0.2 part by

(y-glyci doxypr%ﬁrﬁ:’l t r.i et hoxy fsi I an? ----- R R S R

wei ght  Car boFBERS K &2en.. 1L the @mount (15,1435 gHan bt &y igish hax
----------- 0. t i ght .The ab t t I xed
2t 1 oom t erp APty & A Mor i THA P e 161 1o Sesed ToH1 of
90C and 45C |ggs%%& %*t%ﬂﬁﬁiéglgf%ﬁﬁiﬁﬁl f&é@h %*HA&“%SHHLBIT%%fr'”d'”g

to obtain an epo resin composi e Tesulting epoxy Tesi

I ti | ] he f ' A | h
conposi tion waseevlitdatied ed. e%\?gjﬁ%?%@%%ﬁaq%\gev\% eé#]' {ffe ar € shown

in Table 1. 26 May 2006 37 Eval ua I'S was

measur ed USi Nged aDhYdrioki dRAYH RN r@dfseHY Nalvdd O N s G dalice, W th
EMM - 1-66 at a nold tenperature of 175C, under an injection 5 pressure of

6.9 MPa and f 6r. Sa30upim)Q moirke pafe fE2@LI§CONGS-10Then.uni t of the val ue
obtained is cm rurAhilitva Molding was carried out using a |owpressure

transfer nol di ng nachi n@satzimamblodaties Mpenatiwre ey &b @adendef an i nj ecti on
pressure of 6.9 10 MPa and for a curing tinme of 120 seconds. Surface

2Zn0-3B,0,-3.5H,0, 4Zn0-B,0;*H,0, etc. in view of the
balancing between flame retardance and reliability for

10 moisture resistance, and especially, 2Zn0-3B,0,+3.5H,0
shows high flame retardance. Amount of zinc borate is
preferably 1-20% by weight, more preferably 1-10% by
weight in the total epoxy resin composition. If the
amount is less than 1% by weight, flame retardance is

15 insufficient, and if it exceeds 20% by weight,
reliability for moisture resistance and moldability are
deteriorated. Average particle diameter is preferably
1-30 pm, more preferably 2-20 um.

It is considered that zinc molybdate

20 accelerates carbonization of the cured resin when
burning occurs, to cause interception of oxygen in the
air, whereby burning is stopped and flame retardation
is attained. 2Zinc molybdate may be used singly, but
tends to easily absorb water, and when the amount

25 thereof increases, water absorption of semiconductor
devices increasés, which might cause deterioration of

reliability for moisture resistance and, furthermore,

deterioration of moldability.



har dness of the runner after 10 seconds from opening of the nold was
nmeasured by Barcol hardness tester #935. The Barcol hardness is an
indication for curability, and the |arger value neans better curability.
15 Mbi sture absorption a : A disk of 50 nmin di amet er26aM@y308én i n

t hi ckness was nol ded using a | ow pressure transfer nolding machine at a
mol d tenperature of 175C, under an inj4tion pressure of 6.9 MPa and for
a curing time of 120 seconds. The resulting nol ded 20 product was subjected
to post-curing at 175C FBrOEdeﬁoGPsFe¢H€ech§dwﬁF@&uéPSWSQtﬁéptrﬁéestand
for 168 hours_in the envirgnnment of ,85C and a r%Iati e hunkdity of 85%
and change i n*hel §HPTGAET REGshPeldSeahORBREEGr BateBda 5t PURPr 8fe was
obt ai ned. The it.18 % ight. 25 Ho flex.al s nUth: Flexural  strength
ves measur odtt 4 EE PR E A TR P EIpE” (ERa 1 Bt Baa0 el Titim GRFFORE RY o
Flame retard - t .. PL et ( - ] Va . mmwi th three
ki nds of thic %§g§%§ﬁ0?9§$88%ﬁ];%aggﬁ%§ %%ézgggeﬁn¥aéggglﬁglded using a

| owpressuse &ipnsies, frmedgsgvagﬁgh%oaédaigekeah%pﬁ@&e&@- (¢ sééig,o

under an injection pressure of MPa and for“a curing tinme o

seconds, fol|lowetcdy srpieslinget 0iP9eh; CHALRY atiumiAaC EeniBoRours.
Thereafter, Z F, Fnax were nmeasured in accordance with UL-94 vertica

met hod, and frameidepectetdanceampdsthedyelde whhtAnhseotopboeghaikh acid and
phosphorous 10 acid in phosphazene conpounds- One gram of a phosphazene
conpound and 2ng ndlypwiateat ehsweoee metghiédlapdsehdr gadrganacpressure
vessel, which was then closed, followed by treating at 125C for 120

hours. Then, &Erblexs are phoepanred; oandnfupadsphhesitbli ehlégarasted into
pure water were neasured by a_ capillary el ectrophoresis device as
concentr a9 o2 ipHeRphabEefoRraAd pABshhet BOLBES PEspartieabylitiont ents
of phosphate hgg and phosghite i on per unit meight of the phosghazene
compound wer &I RTGt ey 2BVEREPAnthe| coppnpaterial, only zin

molybdate on the surface acts as a flame- retarding
agent, and since addition of zinc molybdate in a large
amount is not needed, increase of water absorption rate
15 can be inhibited and moldability can be improved.
Covering amount of zinc molybdate is
preferably 5-40% by weight based on the weight of the
core material. Average particle diameter of the core
material covered with zinc molybdate is preferably 0.5-
20 30 pm, and the maximum particle diameter is preferably
not more than 75 pum.
Amount of zinc molybdate is preferably 0.05-
5% by weight, more preferably 0.1-3% by weight in the
total epoxy resin composition. If the amount is less
25 than 0.05% by weight, flame retardance cannot be
obtained, and if it exceeds 5% by weight, ionic
impurities in the epoxy resin composition increase,

reliability for moisture resistance in pressure cooker



Contents of phosphoric arid and phosphorous acid in the epoxy resin
conposition- The above test piece for evaluation of flane retardance was
subjected to post-curing at 175C for 8 hours and pul verized to 25 100 nesh
or 1ess by a grinding machine. The pul verized cured prdtMey 2888 subj ect ed
to extraction with pure water using a pressure cooker (120C, 20 hours). As
for the resulting extraction water, c entrations of 26 May 2006 39

phosphat e ion sphite.jon.were respectivel nmeasured.hy a.capillary
electrophoresil-'élgI egggeegecgﬁkgnfg 8?t5ﬁ6§5ﬁ§?8'iéﬁdaﬁﬁiﬁﬁg§&ﬁﬁﬁélﬁon per
unit wei ght h uct of the epoxy resin 5 conposition were
cal cul at ed. T%%S%ng?egéggﬁggggReliabiIity for no; resistance* A 16pSOP

(using TEG3 of imtatiof,gl eiERL g@%grﬁﬁﬁkngsgﬁgkganco&%r&@hn § mol ded
nol di

using a | ow pressure transfer ng nachine at a nol'd“tenperature of
175C, under agodd hat&£1hON-PLESEY" /1 eh éiaclvﬂelgggar @' cBnCHEi Ng time of

120 seconds, and subjected to post-curing at 175 or 8 ours, and,

thereafters tébevmddAatfoOR Okamglépbihi tMe EQL1BREBLUMBnRAS.Stance (treating
the cured product by applying a voltage of 10 V at 140C/ rel ative humdity

15 859, and Mealyhdennf opette ngnieiweefewnsesrnas (Ewsddneghedieag 15
packages, the nunber of defective packages after |apse of 500 hours and
1000 hours fraMiche takbatoentheabiképware nmpredentiahewasedetecti ve
fraction. The unit is % 20 Sold resistance: A 8CQQP (2 mmin thickness,
chip size: 9.FreRA%e B 0shwyrnas Polseslusingisaheetegr 6osiPeCt ramsf er
mol di ng machine at a nold tenperature of 175C, under an injection pressure
of 6.9 MPa ahPfbf Bixed whthaesberapoofezdnasoxiarl ofedlpyedsbyubj ecting

to post-cqain at 175C for 8 hours, The cured product was |left to stand
for 168 holr ST BHE Uy BIFEHLE | vRF iRt ty BPuB5y, AafAlifen dipped in a

sol der tank af, 280G ofs 10, 285 A0ISe s T8, PLOSUSE 48528 MY, 203840

110°C, and then the solid material is ground. Then, the
groundlproduct is fired at 550°C for 8 hours to obtain
the desired flame retarding assistant.

15 The metal complexes used in the present
invention act as flame-retarding agents, and flame
retarding effect can be obtained with addition of them
in a small amount. The metal complexes of the present
invention are those which are formed by coordinating a

20 ligand selected from naphthenic acid, acetylacetonato,
phthalocyanine and thiocyanic acid with a metal element
selected from the group consisting of Co, Cu, Zn, Ni,
Mn and Fe, and examples of the metal complexes are
cobalt naphthenate, cobalt acetylacetonato, copper

25 acetylacetonato, zinc acetylacetonato, etc. These may
be used each alone or in admixture.

Among them, cobalt naphthenate is preferred

because it has especially high flame retarding



observed with a m croscope, and crack generation rate [(crack generation
rate) = {(the nunber of packages where external cracks were

generated)/ (the total nunber of packages)} x 100] was obtained. The unit
is % 5 Mreover, delamnation area at the interface bet2fidday2¢

sem conductor elenent and the cured product of the epoxy resin conposition
was neasured using a scanning acoustic3Ponograph, and del anination rate

[ (del am nation rate) = {(del am nation area)/(area of 10, sem conductor

el ement)} x 1EGFLIHINREIGTEH . TrHASFRGre | e,anpyht t @hpkt 827 L%t or age
characteristics:, A 16pD P (chip size: 3.0 nmx 3.5 nm was nol ded using a
| ow pressure tFERRE nol di ng machine at a mold 15 tenperature of 175C
under an injection presgﬁ{e f_. 6.9 Ma and for a curing tine of_ 120

seconds, followed by subjedtidF & P AP T 1 e et s. The
cured product %ﬂ% £ to | -tgﬂnﬁ{ it . . S 208 t C, 1000
hours), and acpa l%é&_"gégsi g)tfev\%hc% %%e}‘ el ec rtlalccg-[ elrsesécgrg anc%'%%%tt\:létlakﬁévw res

| nereased 20%cnfr @Rfdie. g Lixtipidl ity Bt ERad d oS delapbiyeiplihe rate
of the number of defective dégkégegyﬁ% 15 packages defective f?action)

was shown by peleenieeonPihdiitid at puknidhy RIS & feandConparative
Exanpl es 1 and 2 Epoxy resin conpositions were produced in the sane nmanner

as i n Exanpl eatcedierg tphes phar s oiipedidsn 245 Mhe 2006ed lreid ta pl ace of
t he phosphazene conpound 1 in Exanple 1 in accordance with the fornul ation
as shown in Tdblren &, flamg triedaresuld ileyeeposhyiatesint exorggoiss to0yEeMETE
evaluated in the sanme manner as in Exanple 1. The 5 results are shown in
Table 1. The phesphafene odnpdendsirad prsstidin  Exanples 2-5 are as

foll ows: Phosphazene conpound 2: A phsphazene conpound represented by the
10 formul 49(21) where RABOWSitstof dtherMediad ROMRIRKeHoL the present

invention is preferably 0.001-10% by weight, more
preferably 0.01-5% by weight in the total epoxy resin
composition. If the amount is less than 0.001% by
weight, fiame retardance is insufficient, and if it
15 exceeds 10% by weight, curability is deteriorated.
Use of an organopolysiloxane represented by
the formula (11) as a flame-retarding agent is also
effective in view of the synergistic effect with the

phosphazene compound.
R —Ti—o—E—Ti-o %—
R R

25 R’s in the organopolysiloxane represented by

20

i-R (11)

=y —{N —7d

the formula (11) are monovalent organic groups, and 30-
100% by weight of all the organic groups are phenyl

groups and the remaining organic groups are at least



rati o Rl/R2=4/1, Phosphazene conpound 3: A phsphazene conpound represented
by the forrmula (21) where R consists of RL and R3, and the 15 ratio

R1/ R3=5/1, Phosphazene conpound 4: A phsphazene conpound represented by the
fornmula (1.7), and Phosphazene conpound 5: 20 A phsphaz&n¥aydf®und
represented by the fornula (22) which is a mxture of n=1-50 with an
average value of 18. Furthernore, the Bdom nated bi sphenol A type epoxy
resin used in Conparative Exanple 2 had an epoxy 25 equival ent of 365

g/ eq. and a oo egnour Ipiedted afoem Uife 48oeby oenghsting ®AYV20086 42 (21)
5S5R: -NHZR3: -0 -(-CZH40 }5 (C3H6O )CH3 10 (22)_ 15 n Exanples 6-10 and
Conpar ati ve BE&ERHRTxubRE eI ¢ FPVPE i onbkibrbkprydgEREPPN fhe 20

same nmanner as jn anple 1 with changing the_epoxy resin and the phenolic
resin in Exaam639éihégnﬂﬁﬁﬂ%s ak F%gﬁ%b?Q gTéaﬁGrPﬂE RESHFti ng epoxy
resin conpositions were eﬁgs n_the sanme_manner a Exanple 1. The

Fesul ts arb. SHBIP a7 orsty Shoe £ Dued r i t8 CRr AEPS: seBRab RESBRenol i o
e (2 AL RO A S AR aALLY EXOTR 8 Bt show
shown by the §4dBi @ dA}ps and mercapto group-substituted organic
groups. This organopolysiloxane is a liquid compound
of low molecular weight.
When siloxane skeleton has phehyl groups,

10 wvinyl group-substituted organic groups or alkylalkoxy
groups of 1-6 carbon atoms, the organopolysiloxane can
readily dissolve in the resin and can plasticize the
resin, and, as a result, the epoxy resin composition
can be readily adhered to various metals and adhesion

15 can be improved. Moreover, 30-100% by weight of the
total organic groups are phenyl groups, and these
phenyl groups contribute to improvement of flame
retardance.

In the case of polydimethylsiloxane

20 conventionally used in epoxy resin compositions for
encapsulating semiconductors, a polyalkylene oxide
component is introduced for giving compatibility with
the resin. This polyalkylene oxide component is
inferjior in water resistance owing to its hydrophilic

25 group, and semiconductor devices encapsulated
with an epoxy resin composition containing the
organcpolysiloxane wherein the component is introduced,

are high in water absorption and tend to deteriorate in



having a softening point of 60C and an epoxy equival ent of 270 g/eq. 5 CH
(23) 10 Epoxy resin 3. An epoxy resin shown by the formula (24) having a
softeni ng point of 81C and an epoxy equival ent of 265 %{ﬁg. 15 (24) 20
Epoxy resin 4: An epoxy resin shown by the fornula (25) 26H48Y AgP% soft eni ng
poi nt of 62C and an epoxy equival ent of 227 g/eq. 25 QCH2 \HC H2 O -~O
OCH2CHCH2 0 O (25) n 26 May 2006 44 5 @3 C IH-/rlIHI CH3 CH3 (26) 10
Phenolic resin 2: A phenolic resin shown by the formula (27) having a
sof t eni ng poi Mclster7ITagking narisdancequi Hewever ofth®9 g/eq. (27) 20 25
Epoxy resin 5: An epoxy resin shown by the fornmula (26)

organopolysiloxane repreésented by the formula (11) used

in the present invention contains no polyalkylene

oxide, and, hence, causes no problém of increase of

5 water absorption rate.

It is essential that R’s in the
organopolysiloxane represented by the formula (11) are
monovalent organic groups, and that 30-100% by weight
of all the organic groups are phenyl groups. If the

10 amount is less than 30% by weight, there is the
possibility of deterioration in compatibility with the
resin, contribution to improvement of flame retardance
and high-temperature storage characteristics.

Furthermore, polymerization degree of the

15 organopolysiloxane represented by the formula (11) in
the present invention (the value n in the formula (11))
is preferably 5-100. .If the value n as an average
value is less than 5, vapor pressure at high
temperatures increases and the organopolysiloxane is

20 evaporated at the molding temperature of the epoxy
resin composition and does not remain in the
semiconductor device, and if it exceeds 100, melt
viscosity of the epoxy resin composition increases to
cause deterioration of moldability.

25 The remaining organic groups other than
phenyl group are preferably at least one group selected

from vinyl group-substituted organic groups and

alkylalkoxy groups of 1-6 carbon atoms, and amount of



havi ng a softening point of 73C and an epoxy equi val ent
CH2CHC HZ OCH2CHC H2 0 Il O Phenolic resin 3: A phenol
the formula (28) having a softening point of 87C and a
equi val ent of 210 g/eq. OH CH2 OH (28) 26 May 2006 45

of 269 g/eq.
C resin shown by
hydr gx

E93Mpy 24

conposi tions were produced in the same nmanner as in Exanple 1 mnth

changing the epoxy resin 1 and the phéRolic resin 1 in

Exanple 1 to epoxy

5 resin 6 angi henolic resin 4, res ctlvely, and furtg % addlng flame
retarding asst Sﬁlt%"%&’%ﬁﬁ\ﬁ??‘?ﬁ%ﬁ%‘?& mOt FRer e, thay tHe Pesteithh epoxy
resin conp05|t evaluated in_ the_sape nanner i n_Exanple 1.
However , aér rﬁgvﬁ}ﬁa N i G Hes the1€0+6e‘?x?%‘§ﬁi§?§%%nbyt he 10

"ol ati v ﬁﬁs‘”ﬁi}&d R A T A T ST

& go¢ pnd.e

eavi ng

nours at 85C andg, ielal lbvenewrefna 815044195 c g epplds are shown in

Tables 3 and 4. e epoxy reS|n

Exanpl es Hl- &%t@mmar atdore drem ﬁ%ﬂoéh Oﬁf@véﬁ@ﬂ\@

6: An epoxy resin shown by the fornula 29) 20 having a

enolic resin 4 wused in

Pel pYem&EPOXY resin
sof teni ng poi nt of

58C and an ep@tareiifios give feiritd d Qﬂlniﬁ $FBup+EdldRi fufe&H2- HH2 0 O

?F12 - H f9H2 0 O n
organic groups which accelerate radical rea

burning and alkylalkoxy groups of 1-6 carbo

which chemically react with silica at burni

ction at

n atoms

ng.

10 In the present invention, particularly, from

the viewpoints of reliability for moisture
and inhibition of deterioration in adhesion
lead frame and the epoxy resin composition,
effective to add ion scavengers which scave
15 phosphate ion and phosphite ion generated f
phosphazene compounds and fix these ions.

As the ion scavengers, preferred

resistance
between a
it is

nge

rom the

are at least

one compound selected from hydrotalcite compounds of

the formula (12), Bi-based metal compounds of the
20 formula (13) and zinc oxide.
Mg,Al, (OH) ..3p-5c (CO3) .+ dH0 (12)

wherein 0O<b/a=1l, 0=c/b<l.5, and d is 0 or

25 1integer,.

a positive

BiO, (OH), (NO,) . (HSi0,), (13)



(6 (29) 26 May 2006 46 Phenolic resin 4: A phenol novol ak resin having a
softening point of 75C and a hydroxyl equivalent of 103 g/eq. The

or ganopol ysi |l oxanes 1 and 2 used in Exanples 20 and 21 are shown by the
formulas (30) and (31). 10 CHs | 15 kU)-SiO | SW H $I @6 May 204603 + /5
(30) (31) 20 Epoxy resin conpositions were produced in the sane manner as
in Exanpl e 1 using the phosphazene congdund 1 containi ng phosphate ion and
phosphite ion _.as shown jn Table 5 an éu ther adding the ion_ ,scavengers
as shown in TaM&Fein eﬁ’lzoo't%'el'r]emﬁ’?(?ng' pé)xycﬁ%’ e4TH- Lol 4/ SRS~ wer e
eval uated in Egg}sane manner as in Exanple 1. The results are shown in
Table 5. As cl%eaft® from Tabl es 1-5, according to the present invention,

t here are obtained epoxypdios‘fr{? OZPCT!(;‘E%/ 129:965(:4;1%%?%%%5%%:@Péféfﬁbly

encapsul ati on of sem con ors arni ng-su nertner

hal -b ddfl - N ' I | ent
o ot daby 1ty - Borkt A I SRS e LIPTY, CHPRHSE Aofgfx el en
conposi tions ane t@f@edclteallt _é’t;;)}ail} B 1 ff L SHIRDCE] o] N1 £ SORST DR R ST OT age

characteristics, reliabili ffor noisture resistance, and sol der cracking

resistance. 26¥ay tHM6 0. 1% Hy [welddMN NlpHdbphate ion and phosphite
ion cannot be scavenged, and, hence, reliability for
moisture resistance is not sufficiently improved. If
it exceeds 1% by weight, there occurs deterioration of
10 curability and adhesion to cause reduction in soldering
resistance.

The epoxy resin composition of the present
invention contains the components (A)-(E) as essential
components and, optionally, a flame retarding assistant

15 and an ion scavenger, and it may additionally contain
various additives, e.g., silane coupling agents,
coloring agents such as carbon black, releasing agents
such as natural wax and synthetic wax, and low-stress
additives such as silicone oil and rubbers, and the

20 1like,

The epoxy resin composition of the present
invention can be obtained by mixing coﬁpbnents (A) - (E)
and other additives sufficiently uniformly by use of a
mixer or the like, and furthermore melt-kneading the

25 mixture by hot-rollers, a kneader or the like, and then
cooling and grinding it.

For encapsulating various electronic parts

such as semiconductor elements using the epoxy resin
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composition of the present invention, curing and

molding can be carried out by conventicnal molding

methods such as transfer molding, compression molding,

injection molding, and the like. Semiconductor devices
5> can be made using the epoxy resin composition of the

present invention by known methods.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be explained
10 specifically by the following examples, which should
not be construed as limiting the invention in any
manner. The mixing proportions of the components are

parts by weight.

15 Example 1

Epoxy resin 1 mainly composed of

the structure of the formula (18) (melting point: 105°C,

epoxy equivalent: 191 g/eq.) ----- 5.6 parts by weight
20 CHy CHa
ct—ci—c,0<(O)< O 0-oHrof—g,
/7 N 0
CHs CHs

Phenolic resin 1 represented by
25 the formula (19) (softening point: 77°C,

hydroxyl equivalent: 174 g/eqg.) --- 4.9 parts by weight



| D nD-- JtiNQou' |l -NOO00O - va 1.lawrawaww UU NNH11 UONOOO 1100
$MAOOLOL ... Z-IrM4 1.1 rINQ Crr.C. CCN V ill Na9:4o(a Uultod4 HOOW
.cltI CH 0.0. HCN X o05a4 OCvl0c C CuUd U, 200~ 4,fam., ~v LJéaqu
COHCar-HO -00 26 May 200
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OH OH
Ao ot o
n

Phosphazene compound 1 represented by

the formula (20) ====——-m=m———o——— 0.5 part by weight

Q = ©

0 /N\
/
10 ) (20)

CEW R
& '©

Fused spherical silica (average particle
13 diameter: 20 pum) -——-——=—mmmm———e 88.0 parts by weight
Triphenylphosphine =----- 0.2 part by weight

Epoxysilane (y-glycidoxypropyltrimethoxy-

silane) ===—=-—emmeme o 0.2 part by weight
Carbon black =-=====vs-———- 0.3 part by weight
20 Carnauba wax =—--=------- 0.3 part by weight

The above enumerated components were mixed at
room temperature using a mixer and then kneaded using a
twin roll of 90°C and 45°C in surface temperature,
followed by cooling and then grinding to obtain an
25 epoxy resin composition. The resulting epoxy resin
composition was evaluated by the following methods.

The results are shown in Table 1.
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Evaluation methods

Spiral flow: This was measured using a mold
for measurement of spiral flow in accordance with EMMI-
1-66 at a mold temperature of 175°C, under an injection
pressure of 6.9 MPa and for a curing time of 120
seconds. The unit of the value obtained is c¢m.

Curability: Molding was carried out using a
low-pressure transfer molding machine at a mold
temperature of 175°C, under an injection pressure of 6.9
MPa and for a curing time of 120 seconds. Surface
hardness of the runner after 10 seconds from opening of
the mold was measured by Barcol hardness tester #935.
The Barcol hardness is an indication for curability,
and the larger value means better curability.

Moisture absorption rate: A disk of 50 mm in
diameter and 3 mm in thickness was molded using a low-
pressure transfer molding machine at a mold temperature
of 175°C, under an injection pressure of 6.% MPa and for
a curing time of 120 seconds. The resulting molded
product was subjected to post-curing at 175°C for 8
hours. The cured product was left to stand for 168
hours in the environment of 85°C and a relative humidity
of 85%, and change in weight was measured, and moisture
absorption rate was obtained. The unit is % by weight.

Hot flexural strength: Flexural strength was
measured in accordance with JIS K 6911 at 240°C. The
unit is N/mm’,

Flame retardance: Test pieces (127 mm x 12.7

rurt 71



m mn~+cG -1 LOm 1O Nal WO O 00000 miZZ ON~s> 00 UU v''.OONNf hf h> T
rv) 0000vv mNmJ-) CJ-1 C -1 Nwy WN 0Z00000 oN, a> s Ga a lIlll E.0"O 00 W
fhr ONNf ~) M>. rfnl DOOOOv Oomm | C. -C>00000 14) oD>y0 A E O U NNONNfnf | m
rfn'.00000~f7 M-10 26 May 2006

38
mm with three kinds of thicknesses of 1.0 mm, 1.6 mm
and 3.2 mm) were molded using a low-pressure transfer
molding machine at a mold temperature. of 175°C, under an
injection pressure of 6.2 MPa and for a curing time of
5 120 seconds, followed by subjecting to post-curing at
175°C for 8 hours. Thereafter, XF, Fmax were measured
in accordance with UL-94 vertical method, and flame
retardance was judged.

: = hori g | pl ;

10 acid in phosphazene compounds: One gram of a
phosphazene compcound and 20 g of pure water were
weighed and charged in a pressure vessel, which was
then closed, followed by treating at 125°C for 120
hours. Then, amounts of phosphate ion and phosphite

15 ion extracted into pure water were measured by a
capillary electrophoresis device as concentrations of
phosphate ion and phosphite ion, respectively.

Contents of phosphate ion and phosphite ion per unit
weight of the phosphazene compound were calculated.

20 The unit is ppm.

Contents of phosphoric acid and phosphorous
acid ip the epoxy resin composition: The above test
piece for evaluation of flame retardance was subjected
to pest-curing at 175°C for 8 hours and pulverized to

25 100 mesh or less by a grinding machine. The pulverized
cured product was subjected to extraction with pure
water using a pressure cooker (120°C, 20 hours). As for

the resulting extraction water, concentrations of
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phosphate ion and phosphite ion were respectively
measured by a capillary electrophoresis device.
Contents of phosphate ion and phosphite ion per unit
weight of the cured product of the epoxy resin
5 composition were calculated. The unit is ppm.
Reliability for moisture resistance: A 16pSOP
(using TEG3 of imitation element with wiring width of
20 pm) was molded using a low-pressure transfer molding
machine at a mold temperature of 175°C, under an
10 injection pressure of 6.9 MPa and for a curing time of
120 seconds, and subjected to post—cpring at 175°C for 8
hours, and, thereafter, to evaluation of reliability
for moisture resistance (treating the cured product by
applying a voltage of 10 V at 140°C/relative humidity
15 85%), and failure of opening between wires was
examined. Among 15 packages, the number of defective
packages after lapse of 500 hours and 1000 hours from
the treatment was shown in percentage as defective
fraction. The unit is %.
20 Solder resistance: A 80pQFP (2 mm in
thickness, chip size: 9.0 mm x 9.0 mm) was molded using
a low-pressure transfer molding machine at a mold
temperature of 175°C, under an injection pressure of 6.9
MPa and for a curing time of 120 seconds, followed by
25 subjecting to post-curing at 175°C for 8 hours. The
cured product was left to stand for 168 hours at 85°C
and a relative humidity of 85%, and then dipped in a

solder tank at 240°C for 10 seconds. The product was
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observed with a microscope, and crack generation rate
[ (crack generation rate) = {(the number of packages
where external cracks were generated)/(the total number
of packages)} x 100] was obtained. The unit is %.

5 Moreover, delaminétion area at the interface between
the semiconductor element and the cured product of the
epoxy resin composition was measured using a scanning
acoustic tomograph, and delamination rate
[ (delamination rate) = {(delamination area)/(area of

10 semiconductor element)} x 100] was cobtained. The unit
is %.

High-temperature storage characteristics: A

16pDIP (chip size: 3.0 mm x 3.5 mm) was molded using a
low-pressure transfer molding machine at a mold

15 temperature of 175°C, under an injection pressure of 6.9
MPa and for a curing time of 120 seconds, followed by
subjecting to post-curing at 175°C for 8 hours. The
cured product was subjected to a high-temperature
storage test (185°C, 1000 hours), and a package in which

20 the electrical resistance between wires increased 20%
from the initial value was judged to be defective. The
rate of the number of defective packages in 15 packages
(defective fraction) was shown by percentage. The unit
is %.

25
E ] 2-5 e . E ] ] i 2

Epoxy resin compositions were produced in the

same manner as in Example 1 using phosphazene compounds
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2-5 in place of the phosphazene compound 1 in Example 1
in accordance with the formulation as shown in Table 1,
and the resulting epoxy resin compositions were
evaluated in the same manner as in Example 1. The
results are shown in Table 1.

The phosphazene compounds 2-5 used in
Examples 2-5 are as follows:

Phosphazene compound 2:

A phsphazene compound represented by the
formula (21) where R consists of R1 and R2, and the
ratio R1/R2=4/1,

Phosphazene compound 3:

A phsphazene compound represented by the
formula (21) where R consists of RI1 and R3, and the
ratio R1/R3=5/1,

Phosphazene compound 4:

A phsphazene compound represented by the
formula (17), and

| Phosphazene compound 5:

A phsphazene compound represented by the
formula (22) which is a mixture of n=1-50 with an
average value of 18,

Furthermore, the brominated bisphenol A type
epoxy resin used in Comparative Example 2 had an epoxy
equivalent of 365 g/eq. and a content of bromine atom

of 48% by weight.
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N~ (21)

R2 : -NH,

R3 . _O -&CzH‘!O )T_{—C:;Hao )-S_CH3

0 0
O\I |

P N=P—— =P{0) e
0

T8 & o

Epoxy resin compositions were produced in the
same manner as in Example 1 with changing the epoxy
resin and the phenoclic resin in Example 1 to those as
shown in Table 2, and the resulting epoxy resin
compositions were evaluated in the same manner as in
Example 1. The results are shown in Table 2.

The epoxy resins 2-5 and the phenolic resins
2-3 used in Examples 6-10 and Comparative Examples 3-6

are shown by the formulas (23)-(28).
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43
Epoxy resin 2:
An epoxy resin shown by the formula (23)
having a softening point of 60°C and an epoxy equivalent

of 270 g/eq.

?CHzQﬁgﬂz CH,CHCH,

10 Epoxy resin 3:

(23)

An epoxy resin shown by the formula (24)
having a softening point of 81°C and an epoxy equivalent

of 265 g/eq.

OCH,CH —CH, OCH,CH —CH,

©©

0

@@ D)o

20 Epoxy resin 4:

H (24)

An epoxy resin shown by the formula (25)
having a softening point of 62°C and an epoxy equivalent

of 227 g/eq.

?CHZCHCHZ ?CHZCHCHz

DS
n

25
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Epoxy resin 5:
An epoxy resin shown by the formula (26)

having a softening point of 73°C and an epoxy equivalent

of 269 g/eq.
5
1)CH2QH9H2 ?CHzQHPHz
0O o 0O ©
CH
3 CH, (26)
?H —@— ?H H
CH, CH, n
10 Phenolic resin 2:

A phenolic resin shown by the formula (27)
having a softening point of 73°C and a hydroxyl
equivalent of 199 g/eq.

OH OH
15 | |
//J (27)
n
20 Phenolic resin 3:

A phenolic resin shown by the formula (28)
having a softening point of 87°C and a hydroxyl

equivalent of 210 g/eq.

OH

o @
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E:xamples 11_21 and CQmDarEIjSEE Examples 'Z_I f

Epoxy resin compositions were produced in the
same manner as in Example 1 with changing the epoxy
resin 1 and the phenolic resin 1 in Example 1 to epoxy
resin & and phenolic resin 4, respectively, and further
adding flame retarding assistants as shown in Tables 3
and 4, and the resulting epoxy resin compositions were
evaluated in the same manner as in Example 1. However,
regarding the evaluation of the solder resistance, the
moisture absorbing conditions of leaving for 168 hours
at 85°C and a relative humidity of 85% in Example 1 were
changed to leaving for 168 hours at 85°C and a relative
humidity'of 60%. The results are shown in Tables 3
and 4.

The epoxy resin 6 and the phenolic resin 4
used in Examples 11-21 and Comparative Examples 7-1f
are shown below.

Epoxy resin 6:

An epoxy resin shown by the formula (29)
having a softening point of 58°C and an epoxy equivalent
of 244 g/eq.

Qg CH, —CH—CH
0 0 2 \_ﬁ 2

| 5N =gt

0 0

(29)
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Phenolic resin 4:
A phenol novolak resin having a softening
point of 75°C and a hydkoxyl equivalent of 103 g/eq.
The organopolysiloxanes 1 and 2 used in
5 ‘Examples 20 and 21 are shown by the formulas (30) and

(31).

}lsm gSi-‘@ (30)

15 @—Sio < Si0 >5< c?CiHD )5 Si-@ (31)

20 Epoxy resin compositions were produced in the
same manner as in Example 1 using the phosphazene
compound 1 containing phosphate ion and phosphite ion
as shown in Table 5 and further adding the ion
scavengers as shown in Table 5, and the resulting epoxy

25 resin compositions were evaluated in the same manner as
in Example 1. The results are shown in Table 5.

As clear from Tables 1-5, according to the

present invention, there are obtained epoxy resin
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compositions for encapsulation of semiconductors
containing substantially neither halogen-based flame-
retarding agents nor antimony compounds and excellent
in moldability. Semiconductor devices made using these
S epoxXy resin compositions are excellent in flame
retardance, high-temperature storage characteristics,
reliability for moisture resistance, and solder

cracking resistance.
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54
INDUSTRIAL APPLICABILITY
The epoxy resin composition of the present

invention can be applied to encapsulation of wvarious
semiconductor elements. The semiconductor devices

5 obtained by encapsulating with the resin composition of
the preseﬁt invention can be used for computers, liguid
crystal display devices, portable telephones and the

like.
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54 | NDUSTRI AL APPLI CABI LI TY The epoxy resin conposition of the present

I nventi on can be applied to encapsul atigm of various sem conductor

el enents. The sem conductor devices 5 obtai ned by encapsulating with the
resin conposition of the present i nMGLRIMS can be used for conputers,

liquid crystal display devices, portable tel ephones and the |ike. 26 My

2006 55 CLAIMS 1. An epoxyprsyi mesdnposimppentiion dwcagnwagsivigting
sem conductors which conprises (A an epoxy resin, (B)

10

15

20

25

semiconductors which comprises (A) an epoxy resin, ({B)
a phenolic resin, (C) a curing accelerator, (D) an
inorganic filler and (E) a phosphazene compound as
essential components, wherein the total weight of
phosphate ion and phosphite ion contained in the
phosphazene compound is not more than 500 ppm.

2. An epoxy resin composition for encapsulating
semiconductors according to c¢laim 1, wherein the
phosphazene compound has a melt viscosity of 0.7 x 107
to 5 x 107 Pa-s at 150°C.

3. An epoxy resin composition for encapsulating
semiconductors according to claim 1, wherein the
phosphazene compound is a cyclic phosphazene compound

represented by the following formula (1):

(1)

— —'n
wherein n is an integer of 3-7, and R’s denote same or
different organic groups which are selected from alkyl
groups, alkenyl groups, alkoxy groups, aryl groups,
aryloxy groups, polyoxyalkylene groups, these groups in
which at least one hydrogen atom is substituted with a

group having N, S, 0 or F atom, aminc groups,

r-1 26862y 0% May 2006



a phenolic resin, (C a curing accelerator, (D) an 5 inorganic filler and
(E) a phosphazene conpound as essential conponents, wherein the total

wei ght of phosphate ion and phosphite ion contained in the hosphazene
conpound is not nore than 500 ppm 2. An epoxy resin coﬁéé@%ﬁébﬂﬁf(n
.encapsul ating 10 sem conductors according to claim 1, wherein the
phosphazene conpound has a nelt viscosistgy of 0.7 x 10-2 to S x 10-2 Pas at
150C. 3. An epoxy resin conposition for encapsul ating sen conductors
accordi ng to Tlwmedl kywheyedups hand 5f phospahkehexgogpoupd.is a cyclic
phosphazene conpound represented by the following formula (1): 20 R | N=P
| Rn (1) whetein n is &n époxgeresin3cdmpasit o8 fenoencepsuelatingi f f er ent
organi c groups which are selected fromal kyl 25 groups, al kenyl groups,

al koxy groupsSemSAnNGHEEs aee9reiRd gkeupsaipobyonharrineat é?éﬁbs? t hese
groups in which at_|east gne hydrogen atomis substituted with a group
having N, S, O A" R'a R i oY &t baphosrhagsneoe8™BBUNE| uor oal kyl gr oups

e condult or P RRSRHASHY 16 Sh4 FRH Yol i R EE PRSSPRR SEPUBR R & in i ho.
i h d 5 by.the f | 1 . Ph

o oups. 5. A epoxy ro0kh SRHDCTTToR T IPeRkabenl SeF ot aBhpaRkitor s

according o Sk ale s ol henst oo ol 0 Ja-binthe sugbic

phosphazene conpoun represente ormul a “1sTan am no group. 10
6. An epoxy I €PWasid 190 {1 SPEPPSUbR 4PN 28881 £ONPYEALEQT S according

to claim3, wherein at |east
represented by the formula (1) is an amino group.

10 6. An epoxy resin composition for encapsulating
semiconductors according to claim 3, wherein at least
one of 2n R’s in the cyclic phosphazene compound
represented by the formula (1) is a polyoxyalkylene
group.

15 7. An epoxy resin composition for encapsulating
semiconductors according to claim 1, wherein the epoxy

resin (A) is at least one resin selected from epoxy

resins represented by the following formulas (2)-(6):

R RR R
20
CHz— CH—CH,0 0—CH; —CH —CH, - (2
No” 2 EINUN 0}”2
R RR R
wherein R’s denote hydrogen or an alkyl group of 1-4
carbon atoms and may be the same or different,
25 OCHzCQ-/GHz OCH,CH —CH,

(R),

(3)

A—0o—3



one of 2n R's in the cyclic phosphazene conmpound represented by the
formula (1) is a polyoxyal kyl ene group. 15 7. An epoxy resin conposition
for encapsulating sem conductors according to claim1, wherein the epoxy
resin (A) is at least one resin selected fromepoxy redbidaydesented by
the followwng fornmulas (2)-(6): R ,RR ,R0- CH2 - CH\ ,9H2 (2) O
wherein R s denote hydrogen or an al kyl5¢group of 1-4 carbon atons and may
be the sane or different, 25 OCH2CH -CH2 (R. OH OCH2ZCHC R R (R. 0 C
N H R (3) 26"RRFei008 57 depRdeehydrogede mst @ﬂ’l)ﬁd-r]ﬁglerg%?ul'\hrp%lw group of

1-4 carbon ato and may be the s different, a is or ap05|t|ve
nunber of 1-4“%?? atoms 6891 f“ia\)’e%ﬁuﬁ%‘@r sagye Prl(ﬂlafsf%ﬁ?%/eraag’es Vil ue,

~CH2CHCH2 ~ 0 R (R /., 10 4). wherein R' s denqte
hydr ogen or a%]fa%k%o(sd}'&ﬁﬁ B]urn.Pe O)(,farlb arvd Wsde e 8 Tor
different, a L$ Q_19r ;@ Bgs 1;J \égg%u% rueof 1-4, and n is a positive nunber
5
CHnggﬂz ( = = CHICBICHZ
| I
@ c ® ¢ O] g
| | \&
(R) , R R a \
n
10
wherein R’s denote hydrogen or an alkyl group of 1-4
carbon atoms and may be the same or different, a is 0
or a positive number of 1-4, and n is a positive number
of 1-10 as an average value,
15

0CH,— c\ —gHa) s OCHz_w;/cHz) .,
0

1OI0F ¢ @. Q0

20 wherein R’s denote an alkyl group of 1-4 carbon atoms
and may be the same or different, b is 1 or 2, and n is

0 or a positive number of 1-10 as an average value, and

ChQifh, (S,
) 0 (0 0

25 (6)

wherein n is a positive number of 1-10 as an average



of 1-10 as an average value, 15 OCHz-(~Hf %) b OCHz-( H,PH) b 0 (5) R
20 wherein R s denote an al kyl group of 1-4 carbon atons and may be the
same or different, bis 1 or 2, and nis 0 or a positive _nunber of 1-10 as
an average value, and CHZ CH ~H2 CH2 CH H2 25 H (6) wR&M#n2¥PG s a
positive nunber of 1-10 as an average 26 May 2006 58 value. 8. An epoxy
resin conposition for encapsulating se®#conductors according to claiml1,
wherein the phenolic resin (B) is at |least one resin selected fromb5
phenol i c resi ¥81u€presented by the following formulas (7)-(9): 10 H (7)
wherein R s denote hydrogen or an alkyl group of 1-4 carbon atons and may
be the same of-differenfl §REXY FESIF FETRASIE ipMifar sMCEPE ALY aver age
value, 15 H 20 whereiin R s denote hydrogen or, an al kyl group of 1-4 carbon

atoms and may SERIERBUSHLIS, aGCrrEtd% Foardadm &- ¥NedEin S umber of 1-10
aroup of 1.4 BAPBSRLS OR8Nl iy B MREIaRBtE Ry G B (P or 2
and n s 59 phenolic resins represented by the following formulas
(7)-(9):

OH

(7)

—0O—2D
=

i~

wherein R’s denote hydrogen or an alkyl group of 1-4

n
10

carbon atoms and may be the same or different, and n is

a positive number of 1-10 as an average value,
H OH
15 ? ?

S S,

20 wherein R’s denote hydrogen or an alkyl group of 1-4

]

o~ ) —Hd
A—0O—x

carbon atoms and may be the same or different, and n is

a positive number of 1-10 as an average value, and

(OH) , 0H)

(OISO

n
wherein R’s denote an alkyl group of 1-4 carbon atoms

25 H

o P —
- R e R ]

and may be the same or different, b is 1 or 2, and n is



26 May 2006 O or a positive nunber of 1-10 as an average value. 9. An
epoxy resin conposition for encapsul ating sem conductors according to
claim1 which contains a flame-retarding assistant. 10. An epoxy resin
conposi tion for encapsul ating sem conduéfors accordi ng2¢ dMan4i0/ 9, wherein
the flame- retarding assistant is at |east one netal conpound selected
fromnetal hydroxides, zinc borate, zinc nolybdate and netal conpl exes.

11. An epoxy &£shn,6QiPosLt haRpber oengapgukat hRgaveeal@ORdUelor s according
to claim9, wherein the flanme- retarding assistant is at |east one conpound
sel ected f?om al um Aunehypdyoxedén magnesitichy droxedeamsdlat imst al

hydr oxi de solid solutjon represented, by the ollowing formul a _(10):

VBl 0k (OB TR ke el FERPBanBeeS AP el HHeCH Tt SRt aral sel ect ed
fromthe grpupneonststinggohsMstkar.Co, Ni, Cu and Zn, and x denotes a
nunber of 0.01_x0.5. 12. An epoxy resin conposition for encapsul ating

seni conduct b?s” accor BNngPeBY cE&FAN10CNRRERELRTY ROTNENERPSERY IS are

formed by CQ&M&B@%&QQ?@S' L98Rd4sh eebeelaﬁfnomn%eg@% ¢ HAC I ame -
pht ha a

acet yl acet onat o, ocyani ne d thiocyanic acid wth a netal el enent
sel ected froat&odify, aZajishepntMisantd Feast3pnanmepedty cogwiomnconposition for
encapsulating sem.c nductogs aﬁcardin to cLaian 8gherei.n the flame 26
May 2006 60°S18F&FAi hg°UsEF5RantY 505188Fy0Fé§ﬁ0 PE8x&rie 4 &Pt esented by
the fol |l ow pg1 fLAgELazfdlhet81RooBbiBredi-0 gi-R (11) n R R R wherein R's
denote a nonoval ent organic group, 30-100% by weight of all the organic

groups are phenyl grdopspoandreRénocheposiganic fgroapsamselatinéast one
group gemiconductors according to claim 9, wherein the flame-
retarding assistant is at least one compound selected
from aluminum hydroxide, magnesium hydroxide and a
metal hydroxide solid solution represented by the

following formula (10} :
Mg -xMx (OH) 2 (10)

wherein M denotes at least one divalent metal selected

from the group consgisting of Mn, Fe, Co, Ni, Cu and Zn,

and x denotes a number of 0.01=x=0.5.

12. An epoxy resgin composition for encapsulating
semiconductors according to claim 10, wherein the metal
complexs are formed by coordinating a ligand selected
from naphthenic acid, acetylacetonato, phthalocyanine
and thiocyanic acid with a metal element

selected from Co, Cu, Zn, Ni, Mn and Fe.

13. An epoxy resin composition for encapsulating

gsemiconductors according to claim 9, wherein the flame-



10 selected fromvinyl group-substituted organic groups, alkylal koxy
groups of 1-6 carbon atons, al kyl groups of 1-6 carbon atons, am no
group-substituted organi c groups, epoxy group-substituted_organic groups,
hydr oxyl group-substituted organi c groups and nercapto Yoti¥subst i t ut ed
organic groups, and n is a positive nunber of 5-100 as an average val ue.
14. An epoxy resin conposition for enca&ssul ating sem conductors according
to claim1 which contains at |east one ion scavenger selected froma
conpound 20 reprasdhngdasgishentolisoni Rgliorgehasilekane ceppesetted
represented by the followng-fornula (13) and zinc oxide in an anount of
0. 01-1. 0% by 9E|5%? Pattewbngt frermudaalllddight of the epoxy resin
conposition: MaAl b(OH) 2a. 3b- 2¢c(COB) ~. dH20 (12) 25 wherein O<b/a: 1, O;
:5¢c/b<l1.5, and d is O or positiv i nt eger,_and Bi Ca( OH) b( NG3) c(HS103)d
(13) 26 May 2006 61 whergin a=0Q.941.1, R=0.640.8, c+d=0.2-0.4, and d/c=0-
2.0. 15. An epoxy resin cQnposiflion.far gncapSul ating sem conductors
accordingsto claim 1R wiepti@af a uﬁt 5 of obTBri ne at ddldnd that of

ant i nony atonlcontalned ih the tal epoXy repin conposition is |ess than
0.1% by weight, respectiRely. 16. RA sem condgctor device wherein

sem conductor elenents are encapsulated with the epoxy resin 10

g?g?ﬁéiaigg fiie LALRPIUE add A & o8N RORHEI ORE BEGQRIENGrohB, 28Y-20850f

by weight of all the organic groups are phenyl groups
and the other organic groups are at least one group

10 selected from vinyl group-substituted organic groups,
alkylalkoxy groups of 1-6 carbon atoms, alkyl groups of
1-6 carbon atoms, émino group-substituted organic
groups, epoxy group-substituted organic groups,
hydroxyl group-substituted organic groups and mercapto

15 group-substituted organic groups, and n is a positive
number of 5-100 as an average value.
14. An epoxy resin composition for encapsulating
semiconductors according to c¢laim 1 which contains at
least one ion scavenger selected from a compound

20 represented by the following formula (12), a compound
represented by the following formula (13) and zinc
oxide in an amount of 0.01-1.0% by weight based on the

total weight of the epoxy resin composition:
Mg,Al, (OH) 2,,3p-2. (CO3) .~ dH,0 (12)

25 wherein 0<b/a=1, 0=c¢/b<1.5, and d is 0 or a positive
integer, and

Bi0, (OH), (NO,) . (HS1i0,) (13)



10
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61
wherein a=0.%-1.1, b=0.6-0.8, c+d=0.2-0.4, and d/c=0-
2.0.
15. An epoxy resin composition for encapsulating
semiconductors according to claim 1, wherein an amount
of bromine atom and that of antimony atom contained in
the total epoxy resin composition is less than 0.1% by
weight, respectively.
16. A semiconductor device wherein semiconductor
elements are encapsulated with the epoxy resin
composition for encapsulating semiconductors accdrding

to any one of claims 1-15.



