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;83e@)| R6T2? K- 1 - 1 July 2002 EPOXY RESIN COVPCSI TI ON AND SEM CONDUCTOR
DEVI CE *166166* BACKGROUND OF THE | NVENTI ON *~~2* The present invention
relates to an epoxy resin conposition for encapsul ating sem conductors
which is excellent in flame retardancy,;and to a sem conduct quuZyQ@GQCG
Conventionally, electronic parts such as diodes, transistors and I ntegr at ed
circuits are mainly encapsul ated in an epoxy resin conpositio
resin conposition contains a brom ne conpound or a v 10 conbi ”M@W ’

e

brom ne co dant, and ftus

or crystal IrTlrt(r% @Sg'&%@@b@wﬂ@%@ﬁ@apmdd&?wIQ@&L , fr omthe deﬁt‘ﬂﬁ* of
envi r onnent al hyglene flame-retardant resin conp03|t|ons are ﬁmmwm

whi ch contain neither brom ne 15 conpounds nor antinony oxide. MWMMJWM
thi s demandBACKEROUNBSOBeE&HEPLNPBNEIOH red phosphorus-based flame [ dant
obt ai ned by covering the surface of red phosphorus with a netal hydroxide
such as al unmi num hydr 8Rrderesentgheseomieo hpdrorsdEoand ﬁﬂpﬁher covering
the surface of the netal hydroxide with a phenolic resin.

phosphat e |éﬁséﬁdcﬁﬁégﬁhFﬂénléﬁrePGF?ﬁéuﬂﬁéﬁﬂﬁh§§mﬂF8ﬁ€uFé95§dyﬁﬂC§dversely

ffect | dabi lit d t t
?es?gtagge gﬁhe%Fééﬁgpécggaghéﬁﬁgngﬁ§pr%§0fgpﬁgqggéhF%%ﬁ&OQgHFESﬁductors

and, 2, _ deduky. 2002

Conventionally, electronic parts such as
diodes, transistors and integrated circuits are mainly
encapsulated in an epoxy resin composition. This epoxy
resin\Fomposition contains a bromine compound or a

10 combination of a bromine compound and antimony oxide as
a flame retardant, and fused silica or crystalline
silica as an inorganic filler. However, from the point
of environmental hygiene, flame-retardant resin composi-
tions are demanded which contain neither bromine

15 compounds nor antimony oxide.

For meeting this demand, there has been
proposed a red phosphorus-based flame retardant obtained
by covering the surface of red phosphorus with a metal
hydroxide such as aluminum hydroxide or magnesium

20 hydroxide and further covering the surface of the metal
hydroxide with a phenolic resin. However, phosphate ion
and phosphite ion eluting from this flame retardant
adversely affect moldability and curability of the resin
composition and moisture resistance and electric

25 characteristics of the resulting semiconductors, and,



t hus, none of the resin conpositions containing red phosphorus-based fl ane
refardants have satisfied the noldability, the curability, the noisture
resi stance and the electric characteristics. 5 SUVWARY OF THE | NVENTI ON For
sol ving the above probl ens, the present_invention provides aq‘ﬁmngozesin
conposition for encapsul ati ng of semi cofidlict ors which is excellent in flane
retardancy w thout containing brom ne conpounds 10 and anti nony oxi de by
usi ng a redtpHdspRePrBsCbatBa rRakE FEPRPEARLONE RANERLRAPE rSApunt of
phosphate ion an hosphate ion extracted fromthe red phosphorus-based

et ardant | ShaaPiePan BoorEsc AREn ACaERRRFR TRStnE 2 CaAd o0 hBes a

sem conduct r 4oyl §¢. ROEUSLOG LG £ 1 B LS-EQTRASL a0, T o' gt
invention relfates to ah epoxy resin cofposition for encapsSulating of

sem conduct pfs wWhieh ¢entabRs Ay i3R;EROXY resin, (B) a phenolic resin, (Q
a curing accelerator, (D) an inorganic filler and 20 (E) a red
phosphorus-based flanme retardant, wherein the inprovenent conprises the red
phosphorus-based flane retardant (E) having a total content of phosphate

i on and phosplskheyi oF glgt edvEnagmonhe ret ardant when subjected to
extraction with water at 80C for 20 hours 25 is not nore than 2000 ppm the
amount of the red pho$plrosed viingt ltber edhopleo ppiotrlemshasde peteseddant bei ng
20-400 by weight and the red phosphorus-based retardant - 1 July 2002
bei ng cont ailA¥ENIEA oA PawHHEE SoR N0 SHORY B Sl FPMPas iitHenwidire resin
conposition, and to a sem conductor device manufactured hy encapsul ating
sem conduct BRCEPENERTLNE Of S&Md COPGAFHoFS Whdeipds §%GF L IS S5ER-A LED

DESCRIPTICNfgg THE INVEPTICN Th?Ie oxy resins used i.n the res%pt i nvention
i ncl ude all ABAEMEFS 3 SR G é)r‘r‘g“ SRS A H R o SRS Sepoxy

i | | i { I t
Sherbort G, QaRdTanE IRy BB ARG T FHOTHAUI M A HTHEE, e

epoxy T esi ng.chi-shenal, LNeeRVE I exidihe RIERBId Lol Sdy/pe_epoxy

resins, cresol novolak type epoxy resins, trip ane type epoxy
resins, al kypho¥p@iifieed d idutal il e tome @ROPhdAHduKhddd azine ring
15 contai ning epoxy resins. These may be used each alone or in adm xture.
The phenol i ecetasidas tused ady udwedresdrdss mieat i once rdd ird eansdhin tyoreateer s,

ol i gomers and pol yners having two or nore phenolic hydroxyl groups in one
20 nol ecul e pravddesl écdeariagridynt andlew] e utade stging uike tirgigof are not
limted. Exanples of the phenolic resins are phenolic novol ak resins,

cresol hovolRRPOSS LN di cycl opent adi ene- nodi fi ed phenolic resins, phenolic
aral kyl resins, terpene-nodified phenolic 25 rﬁgins and_tri phenol nmet hane

type resins. These may Bt RIS Hac S ome b § EﬁﬁﬁgﬁlﬁQLe ¥he ampunt of
the phenoli G.J 8% Mnddsi il S "G L0t L& §W4E VAL EMonductors

which contains (A) an epoxy resin, (B) a phenolic resin,
(C) a curing accelerator, (D) an inorganic filler and
20 (E) a red phosphorus-based flame retardant, wherein the
improvement comprises the red phosphorus-based flame
retardant (E) having a total content of phosphate ion
and phosphite ion eluted from the retardant when
subjected to extraction with water at 80°C for 20 hours
25 1s not more than 2000 ppm, the amount of the red
phosphorus in the red phosphorus-based retardant being

20-40% by weight and the red phosphorus—~based retardant



- 1 July 2002 ratio of the nunber of epoxy groups in the epoxy resin and
t he number of phenolic hydroxyl groups in the phenolic resinis in the
range of 0.8-1.2. The curing accelerators used in the present 5 invention
can be those which accelerate the curiqgh;eactlon of the eponx“gvgmmgand
t he phenolic hydroxyl group, and those ch are generally used 7t
encapsul ati ng materials can be wi dely used. Exanples thereof are

1, 8-di azabﬂé%ﬂe%(%omt@}wele@n@wawm 2D Pre?hyF iy daoblkt Imeske may be
used each alone or inp adm xture, . The inorganic, fillers usg in the
present .nv‘él?m%nr?ﬁwua%mpwté%np@%d FRs2dS ST FRRIpohaE: S e%w%tau line

silica powder icon sed S|I|ca powder and

na . and si n u
crystalllne s??? %ﬂ a?%c%?%?%?#éﬁg iﬁ%ﬁﬁ?n%?c{%E ?%%m RhPc fillers is
preferably 5 h in conmposition fron1the poi nt
of balancing %tﬁ%gﬁ %gkgg ?%§ gﬁﬁg ﬁflty Furthernore, in order to
20 obtain good fluidity and filling propertles the inorganic fillers
preferably have an average particle size of 11-20 a m and such a particle
size distribpraonEbhpEsthRoseiol 0ot TRRr eNVARDI®N umin particle size are
present in an anmount of 20-450 by wei ght and those of 25 not |ess than 70
um are present in an @huaporf netinsrestdannl bhebypreseght inmehhéonhol e
resin conmposition. In a resin conposition containing the inorganic filler
in a large anounde pilimopspeckal byipreeesreddt polymers- hgving Juby 2002
spherical fused silica powder. The red phosphorus-based flame retardants
used in theoﬁr@ééﬁtePﬁVénSF@HPéréntﬁB@emﬂﬁP§Hlﬁavén§ metgrudsnt ent of

phosphate ion,a ? on eluted fromb5 th retardanﬁnl subj ect ed
to extract|8ﬁlSBt8gﬁgf§P S6UhBEr SEFYChBESHS ErFﬁ n33608°pp mFﬁegeneral

red phq&pho&us al one pgs about _an.oxi dati edu tkon dIS roportionation
reaction in %res ncé %fe98fgtﬁfglﬁﬁeﬁre F8V§ ¢PSt & gxyn the air,

t hereby for n o] o] u r .an t Liace of the
red phﬁspho%égsé‘n PapBters 1oLy RRRRY Eﬁélagne?ﬁkﬁﬁgﬁﬁa?%? = odr ogen

phosphi de. §y?€eeb6k§ ea8ehisON clelsBI0h¥ee19&NRKBLI @BoRly hReatinsthere is the
possibility of spontaneous ignition. 15 Furthernore, in water, red

phosphor us eaupasndeseenateot ypd ebowdt el swnish laNQr/aaER At iledITer Si on ti me
to produce an oxi de of phosphorus, nanely, phosphate ion and phosphate ion,
t her eby not tedb}iecalsientpacentgpenapoxy aestines sumdr auddizigeaining-t h hydr ogen
20 phosphi de, but also inviting danger of explosion. Mreover, since red
phosphokus conaghiiygs epoixtyi vestidsheallhesef man iben UHed re@gdi 1&3Langni t es and
burns at relatively | ow tenperatures or by a slight shock, it always

i nvol ves daR§eddudh@dgture.

The phenolic resins used in the present
invention include all monomers, oligomers and polymers
having two or more phenolic hydroxyl groups in one

20 molecule, and molecular weight and molecular structure
thereof are not limited. Examples of the phenolic
resins are phenolic novolak resins, cresol novolak
resins, dicyclopentadiene-modified phenolic resins,
phenolic aralkyl resins, terpene-modified phenolic

25 resins and triphenolmethane type resins. These may be
used each alone or in admixture. As the amount of the

phenolic resins, it 1is preferred that the equivalent



25 Therefore, red phosphorus is usually covered with a nmetal hydroxi de such
as al um num hydr oxi de or magnesi um hydroxi de, and the surface is further
covered with a phenolic resin to inhibit contact of red _ 1 July 2002
phosphorus with water, whereby oxidation stability of phospm$JmNQ§02
enhanced and, besides, heat resistance @and shock resistance are 1 ncreased.
fn this case, content of red phosphorus is 80-95% and the netal hydroxide
is 5 thinlyrxoikeretl timethembbert sofleepbxyedrphpsphorise épospneesases, only
one of the two coverings is made. However, the nerely covered red
phosphor us 4dtiee hivghoen ofspbencdhc hndresybt grespa parthef red
phosphorus is exposed due to insufficient coverin and, thus, there 10 is
t he p053|b|?|?®°£¥c|@%§%mohsohﬂnbh?orén§ﬁo€§ Tﬂe?e?ore in the present

i nvention, a netal roxi de.,and a g?enollc resi areaéurther added so t hat

the covered red phosp %?uguﬁéggf?ﬁﬁ §ratres bﬁS hBr b8ecBhEERE of 20- 40%
b t h h t ar dant
ohi oh 19 5o SVEYLOh 'ERE b ERBER ey 2-RETEES r”§P9a§§gbhé?geiéﬁ and
phosphate ipn,Lp; Hhe, EegtéthéBQ? §§ Ep‘[?ﬂdf Eﬁ@eph BQEQS”BKQES asured in

t he follomnng nanner e 2U of e re osp rus- based
flanme retar angnéot95§€Ewﬁﬁcﬁué§e“%Eﬁér§E§yCh@éﬁe@okn a vessel and
treated at or 20 hours, followed by neasufing the amounts of phosphate
ion and phOé@hapeuL@ﬂlh@ inheeexhlacthanbvwavetehy Leadchr gxalpgeaphy. 25
There are no limtations in the red phosphorus-based retardants as far as
the total ctheemefodrphdsphdtiezrbacgndophodpRatedeornet-ut eddby-t he
extraction at 80C for 20 hours is not nore than 2000 -~ 1 July 2002
ppm b0 preeehyéimadazehese THeRRi BAYt Re HEEGIPRESPhOAGHSCERL éRt i S
adjusted to 20- 4096by wei ght by further addi ng al um num hydroxi de and a
phenolic res 1¥bUffRe red phosphorus covered with al um num hydroxi de and 5

henol If th t h d fl t ar dant
nowhi ch 1 he Lotal coRPEnE BFSBROSORALa Fan LR BHotRaEE <60 el ut ed wnen

subj ect ed t?nbgﬁﬁ%kr 2hLh QA f%‘%ce&%g\g%%oh%rs%d %lﬁg. ”%I%%dter}an 2000 _ppm

10 and the red osphor us cont ent % by wei ess t'han 0.50 by

wei ght in the \Aleghmh@s's@ﬁ%p%weqn, tﬂaﬁu%o%fd %fllrl%npm%&wus i's
i nsufficient and flane retardancy is insufficient, and if the ampunt of the

red phasphoeus- hased %haHEar@baﬁd&nbmdsdﬁygtdﬂnymdiéxﬁﬂtﬁ Yowsrirght ,

noi sture resistance, noldability, curability and electric characteristics
of the resi areoppedsetiren .ar dmcdemer iodr athed .indorgeonier £ ilier« hies t ot al cont ent
of phosphate ion and phosphate ion el uted when subjected to the extraction
at 80C for ROcHeurdlyxddeds %2000 wedmhitn 120 thee whed eplrsspiltor us- based f 1 ane
retardant, even if anmount of the red phosphorus-based flane retardant is in
the range oFOGPQSStGQ“bfﬁﬁﬁiGW@|H@HﬂﬁBQHNHQQQﬂ9%W9(ﬁﬁﬁﬂﬁﬁﬁlcwn noi st ure

resi st ance, |I|t curahi.lity and electric characteristics are
furt her det@gﬁ gbédt and re 1abf&1ty Furthermore, in order to

20 obtain good fluidity and filling properties, the
inorganic fillers preferably have an average particle
size of 11-20 um, and such a particle size distribution
that those of not more than 10 pm in particle size are
present in an amount of 20-45% by weight and those of

25 not less than 70 um are present in an amount of not more
than 10% by weight in the whole resin composition. 1In a
resin composition containing the inorganic filler in a

large amount, it 1s especially preferred to use



25 The epoxy resin conposition of the present invention preferably
conprises (A) 2-20% by wei ght of the epoxy resin, (B) 2-20a by wei ght of

t he phenolic resin, (C 0.01-to by weight of the curing accel erator, .
~uiy 2002 (D) 70-950 by weight of the inorganic filler and (E;)J@y%@rg/o by
wei ght of the red phosphorus-based flan® Tetardant, with the total anmount
of these conponents_being 100s by weight, in view of fluidity, curability,
5 and bal angeheeigeénfneedapilicy Bowdestiability. If necessary, the resin
conposition of the present invention may optionally contain, in addition to
the conponents (A)-(EfReared| BResebaprrngaagentlameceebrragnagenteduch as
carbon bl ack of red iron _oxide, a 10 rel easing Sgeﬁt such aﬁ naiural wax or
synthetic wa®, CBRdPESFERF st PRERtLANI 2FFeTR0ER YBISHI PEBRe2oFPTdF rubber.
The resin c LLi re t_Lpv Lap.can. N nmol di ng
mtorial by ohrers ot PpotBRaBer SoH bl BRREBRAEET488 ARAE e and

ot her adgit L¥eSrBYaddgh¥8" wREnt BEblEKEedt BB 82LEEELTBLT akngaet Ny £ he

m xture by a hot roll, a kneader of the |like, cooling the kneaded product

and then grppdhBdrit isTRetr Askkt tRAEnMRLJONGERBL erthabetarale applied to 20
coating, insulation and encapsul ating of transistors, integrated circuits

and the |ikgheBbabraseagbaet bireéayspabbatoeneb&ttia@ioa-padueribar maki ng
sem conduct or devices by encapsul ating el ectronic parts such as
sem conduct dis5opbenennstusnngethke ipesin tbheppseseaneobd it heiptesent
invention, the conposition can be nol ded and cured by nol di ng met hods such
as transfer wAshdiiigiscdrpite$si 6fandl dnrnghanadiirnj Ebeir6Ryndledmagd an- 1 July
2002 By, usigg theo%poxy resin conpositiqgns for encapsul at

h

. i ng of
seni condlict 87446 OEhBNRERERRYS AFeRll 81 ﬁ@réhéréu5595@n8% §gﬁi589ductor
devi ces contginiﬁgrno br.om.n ~Lonp: undsuandnn% a tinDn% ogh%g 5 and
excel | ent !H Pry P&t&?&%ﬁ@ A TR (] &EPSORR e, ITOTdE ilﬁty, curability
and el ectri ﬁa%ﬁ%%%ﬁ%'r%yeﬁs ngsprRke!| Bitee” BRI Fed AV VTS The
present inventionmw kI Db exﬁ arned specifically inthe Toll ow ng exanpl es.
10 Exanpl es jh:419Rd RMRIALINE SPXAMRIeS thel N is the possibility of
spontaneous ignition.
15 Furthermore, in water, red phosphorus causes
decrease of pH of water with increase of immersion time
to produce an oxide of phosphorus, namely, phosphate ion
and phosphite ion, thereby not only causing
contamination of the surrounding air with hydrogen
20 phosphide, but also inviting danger of explosion.
Moreover, since red phosphorus is highly sensitive to
heat or friction and readily ignites and burns at
relatively low temperatures or by a slight shock, it
always involves dangerousness.
25 Therefore, red phosphorus is usually covered
with a metal hydroxide such as aluminum hydroxide or

magnesium hydroxide, and the surface is further covered

with a phenolic resin to inhibit contact of red



The conponents shown in Tables 1 and 2 were m xed at roomtenperature by a
m xer, the resulting mxture was kneaded using a roll at 70-100C, and the
kneaded product was cool ed and then ground to obtain a 15 nolding naterial.
The resulting nmolding material was tableted and the tabl ets wengyjoged
using a |l owpressure transfer nol di ng mathi ne under the COﬂditIOﬂ! of 175C,

70 kg/ cn® d 120 ds t fl . I St ant
Furtﬁe?nor2$h3§%%ﬂ$§%ﬁgb€Pogagéggﬁéﬁﬁﬁ?bﬁfgglhgf;S§?§tﬁ§$§gé9§agapsuIated

0 2, PO L ASLoMBLSL e CARLaLA s veToneSIcRIRH phed el gmmnl o

testing was" sU ow nf norsturé reéesrstan feover, a

hoh. el ghiek Leekegentest uasnconduehed Ul BayLNEaglovEOhBRRLP. Quring

25 characteristic was neasure a curability testing chi ne

(manuf act ur g Pe\!ng:f-;'o"E SHQJL s CBh - 953 Danat EAdemetal LAydrdxdyby;13002 nare
" CURELASTOVETER V") . terials used as the conponents are as follows:

Bi phenyls t yprigDoX¥otresed oABLhengupsiak: cE106dSpRBEIpREONY . €qURVal ent: 195
g/eq.). Phenolic aral kyl resin (softening point: 80C and hydr oxyl

equi val ent : sdmMd gheqs). ot 18- Bnazalii ciiel owb, 4pOpuhdgsens-Maflber ei nafter
referred to as "DBU'). 10 Red phosphorus-based flanme retardant 1 (content
of red phoshheeusr,30De mrdeéyt cavteddphedpbaveprhonus ést taot bdgphosphat e
ion = 1600 ppm . Red phosphorus-based flanme retardant 2 (content of red
phosphorus:lBO@FSaﬁGng%ﬂFaéﬂédSQW@§9WQ§ealﬁa¢§n0f &xdr RbpeghphBSph&te ion =

1900 ppm) . Red phosphorus-based flanme retardant 3 (content of red
phosphorus:eﬁﬁagegnéuéxFPa&PéHf6H6§5H§tEoWﬁﬁlpgexﬁggcté&uﬁho§5ﬁéﬁe ion =

2200 Pol . SNEHLOBhaGYRRY i31) o2 eeky Busia 20 wakic e 1 ze: 22 um
Therefore, in the present invention, a metal hydroxide
and a phenolic resin are further added so that the
covered red phosphorus has finally a red phosphorus
content of 20-40% by weight, namely, there is used a red

15 phosphorus-based flame retardant which is safe against
heat and shock.

The contents of phosphate ion and phosphite
ion in the red phosphorus-based flame retardant are
measured in the following manner. 5 Grams of a sample

20 of the red phosphorus-based flame retardant and 50 grams
of pure water are charged in a vessel and treated at 80°C
for 20 hours, followed by measuring the amounts of
phosphate ion and phosphite ion in the extraction water
by ion chromatography.

25 There are no limitations in the red
phosphorus-based retardants as far as the total content
of phosphate ion and phosphite ion eluted by the

extraction at 80°C for 20 hours is not more than 2000



Car nauba wax. Method for neasurenent of phosphate ion 25 content in the red
phosphor us-based flane retardant: 5 Grans of a sanple of the red
phosphor us- based flane retardant and 50 granms of pure water were charged in
a vessel and treated at 80C for 20 hourz, followed by - 11 1ydiydaby 2002
measuring the amounts of phosphate ion and phosphate ion in the extractlon

t b h t hy. Eval th Th
veter by OBeR BTRLoSEaRnY, Cusluatlon TR ol BBl Is RS
I d i 6 I I t f
28 o SSRGS WL

L75C and 2 Q@ssr 810k Ak g BiFbNe? hANADLABANS ol elsiang ek naol di ng

machi ne was taken as a crlterlon nol dab ity. Flame resistant test:

UL-94 verti gald bﬁ%fsgho(rtu@ SRRT2 Ok iTAMRI&Mmidudh HrWaS deoRddct ed and t he
result was expressed as flane retardancy. 15 Misture resistant test: An

encapsul sit egphenendnt rfe@rint.esti ng was subj ected to pressure cooker test
(125C, pressure: 2.2 kg/cm), and failure in opening of circuit was
exam ned. The noi st ur € fr ediesttamocmtwas eher essk phimsphiver usi-ie sie whi ch t he 20
failure occurred. Hi gh-tenperature | eakage current test: The
hi gh-t enper dtl@e [redicag@ndurimenthish [tEsDItR talsgontgns of phosphate
ion and phosphite ion eluted when subjected to the
extraction at 80C for 20 hours is not more than 2000 ppm
10 and the red phosphorus content is 20-40% by weight is
less than 0.5% by weight in the whole resin composition,
the amgunt of red phosphorus is insufficient and flame
retardancy is insufficient, and if the amount of the red
phosphorus-based flame retardant is more than 5.0% by
15 weight, moisture resistance, moldability, curability and
electric characteristics of the resin composition are
deteriorated. Moreover, when the total content of
phosphate ion and phosphite ion eluted when subjected to
the extraction at 80C for 20 hours exceeds 2000 ppm in
20 the red phosphorus-based flame retardant, even if amount
of the red phosphorus-based flame retardant is in the
range of 0.5-5.0% by weight in the whole resin composi-
tion, moisture resistance, moldability, curability and
electric characteristics are further deteriorated.
25 The epoxy resin composition of the present
invention preferably comprises (A) 2-20% by weight of
the epoxy resin, (B) 2-20% by weight of the phenolic

resin, (C) 0.01-1% by weight of the curing accelerator,



measured. Curability test: Using a nold for curability 25 test and under
the condition of a nold tenperature of 175C, torque after 60 seconds and 90
seconds from begi nning of the neasurenent was neasured. - 12 - 1 July
2002 The results of evaluation are shown in Tables 1 and 2. hahlg2802
Exanpl e1234Bi phenyl type epoxy resin6. 86-86. 86. 8Phenol i ¢ ar al kyl

resin5. 45. 45. 45. 4DBU0. 20. 20. 20. 2Red phosphorus-based fl ane ret ar dant

11. 04. 5Red (Hogphir ks thased dHtame rdtearidemtg i O£ H9wrerdnshl (Flused silica
‘owder 86. 082. 586. 082. 5Car bon bl ack0. 30. 30. 30. 3Car nauba wax0. 30. 30. 30. 3Spi r al
f1 ow (cm | 20POPE2RROOWHI Hebif tihg sead FOTRIoUH ke 9 ahicRliry

{(UL-94) V- 0V- 0OV- OV- OMoi st ure resistance (hr)450400450400H gh-t enperature

| eakage curfSRT4EIN 0. LB SRALRMIUR6 P S e I IEHRTENOB590 sec

kgf 60556055 Tabl.e 2 Co tive EX | £12345Bi ph |ty
(970 00530055 i, & SR b s P! AU PV 10, 0o

i n5. 45. 20 ; - fl d
10- 45 sfed T e e D e A R ol fused S 11 on
powder 87. 086. 681. 584. DB &G hon, bl Ak Or 305 30 3 39: B NGtibane

wax0. 30. 30. 30. 30. 3Spiral flow (cm 120120809070Mol dabi lity

(sec) 7070180 200 H raxreen tf £ ke Cop f 1bn D7) J ok Gt y1 dur i Vaddvs OMOVEOMI st ur e
resi stance (hr)450-450300300250Hi gh-tenperature | eakage current

(nA) 0. 50. 52152 SSurpfuerats | (A )y-60E seca (kDT ancer) dOLHPHRS 2098nseca
(kgf~cm) 6060454530 ww c NOON - 14 - 1 July 2002

coloring agent such as carbon black or red iron oxide, a

10 releasing agent such as natural wax or synthetic wax,
and a low stress additive such as silicone. oil or
rubber.

The resin composition of the present invention

can be made into a molding material by sufficiently

15 uniformly mixing the components (A)-(E) and other
additives by a mixer or the like, thereafter melt
kneading the mixture by a hot roll, a kneader or the
like, cooling the kneaded product and then grinding it.
The resulting molding material can be applied to

20 coating, insulation and encapsulating of transistors,
integrated circuits and the like which are electrical
parts or electronic parts.

For making semiconductor devices by

encapsulating electronic parts such as semiconductor

25 elements using the resin composition of the present
invention, the composition can be molded and cured by
molding methods such as transfer molding, compression

molding and injection molding.



., WHAT IS CLAIMED IS: 1. An epoxy resin conposition for encapsul ating of

sem conduct ors which contains (A) an epoxy resin, (B) a phenolic resin, (O
a curing accelerator, (D) an inorganic filler and (E) a red

phosphor us- based f1 ame retardant, wherein the inprovenent conpgmgggoghe red
phosphorus-based flanme retardant (E) having a total content of phosphate
ion and phosphate ion eluted fromthe retardant when subjected to an
extraction with wat erBRtUSDTS fighe PPy 585N ne?MPRF £ Pah 2800 ppm t he
amount of the red phosphorus in, the red hos hor us- based retardant being
20-40g by VERGHRS 1B § b PRESHH CEBhS cat rERSrRERE B ng contai ned 11

an anount of O. ht in Ie resin co€§os it

conposi ti on” %%%%Fﬂgﬁng%eﬁga?ﬁ$1°b3ﬁ}% % OB FRBAVC YT d%ﬁﬁc%§ melght of an
epoxy resin, aé%% éggﬁl %%%Hg% gé@ﬁ%gﬁggglaﬁd ﬁé'gntiﬁgng Q}l%ébby wei ght
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Materials used as the components are as
follows:
Biphenyl type epoxy resin (melting point: 110°C
5 and epoxy equivalent: 195 g/eq.).
Phenolic aralkyl resin (softening point: 80°C
and hydroxyl equivalent: 174 g/eq.).
1,8~Diazabicyclo (5,4, 0)undecene-7 (hereinafter
referred to as “DBU”).

10 Red phosphorus-based flame retardant 1
(content of red phosphorus: 30%, and extracted phosphate
ion +\extracted phosphite ion = 1600 ppm).

Red phosphorus-based flame retardant 2
(content of red phosphorus: 30%, and extracted phosphate

15 ion + extracted phosphite ion = 1900 ppm).

Red phosphorus-based flame retardant 3
(content of red phosphorus: 30%, and extracted phosphate
ion + extracted phosphite ion = 2200 ppm).

Spherical fused silica powder (average

20 particle size: 22 pum, and specific surface area: 2.2
m*/qg) .

Carbon black.
Carnauba wax.
Method for measurement of phosphate ion

25 content in the red phosphorus-based flame retardant: 5
Grams of a sample of the red phosphorus-based flame

retardant and 50 grams of pure water were charged in a

vessel and treated at 80°C for 20 hours, followed by
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Spiral flow: This was measured at a mold
5 temperature of 175C and under a pressure of 70 kg/cm’
using a mold in accordance with EMMI-I-66.

Moldability: A curing time for which 16pDIP
can be molded under the conditions of a mold temperature
of 175C and a pressure of 70 kg/cm® by a low-pressure

10 transfer molding machine was taken as a criterion for

moldability.

. Flame resistant test: UL-94 vertical test
(thickness of sample: 3.2 mm) was conducted and the
result was expressed as flame retardancy.

15 Moisture resistant test: An encapsulated
element for testing was subjected to pressure coocker
test (125°C, pressure: 2.2 kg/cm®), and failure in
opening of circuit was examined. The moisture
resistance was expressed by the time in which the

20 failure occurred.

High-temperature leakage current test: The
high-temperature leakage current of 16pDIP (150C) was
measured.

Curability test: Using a mold for curability

25 test and under the condition of a mold temperature of
175C, torque after 60 seconds and 90 seconds from

beginning of the measurement was measured.
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Table 1
Example
1 2 3 4

Biphenyl type epoxy resin 6.8 6.8 6.8 6.8
Phenolic aralkyl resin 5.4 5.4 5.4 5.4
DBU 0.2 0.2 0.2 0.2
Red phosphorus-based flame 1.0 4.5
retardant 1
Red phosphorus-based flame 1.0 4.5
retardant 2
Spherical fused silica 86.0 82.5 86.0 82.5
powder
Carbon black 0.3 0.3 0.3 0.3
Carnauba wax 0.3 0.3 0.3 0.3
Spiral flow (cm) 120 100 120 100
Moldability (sec) 70 90 70 90
Flame retandancy (UL-94) V-0 V-0 V-0 V-0
Moisture resistance (hr) {450 400 450 400
High-temperature leakage 0.5 1.5 0.5 1.5
current (nA)
Curability |60 sec (kgf-cm) 40 35 40 35

90 sec (kgf-cm) 60 55 60 55
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