223§108 " PLASTI C MOLDED ELECTRONI C DEVI CE" BACKGROUND OF THE wm%
pr sent invention relates to a plastic nolded el ectroni c devi

res¥d¥ ol di ng conposition of high noldability which gives cured products
haV|ng excel] ent adhesive property, electric 5 properties and heat
resistance, for exanpl e sem conduct or devices of plastic nolded type seal ed

with such a resin conpeshtigp: wBESER LLEYRERIEHERGELATED ART The outer
packagi ngs of elect evi ces such as a

transistor,  IC, LSl and VSLI are classified into two groups. One is the

hermetic seal type which utilizes metals, glasses, ceramics etc.., and the

other is the plastic nolded type which ut|||zes thernnplastlc resins -or-

t her noset t iing BAEXGROUNDS OF THE INVENWI®ON ormer is superior in airtightness
but is very expensive. By contrast, the latter can be produced at a very

| ow cost by mass producfThen pre@sntg invenitsddroweael@h#sadicurd pgastst moddele
advance in materials and production techni que for sem conductor devices or
seal i'ng 20 rebeatsoniv devine uybw 8, redifnulding eouposiliéors ofi kighdueidability
products have cone to be occupied with the plastic nol ded type

seni conduct or srhpq:lt)dmm chyed papdicts Weylidg rﬁgtcaudmt adhesive property, electric

5 propertles and heat resistance, for example semiconductor

‘dev1ces of plastlc molded type sealed with such a

.resin composition.

DESCRIPTION OF THE RELATED ART
The outer packagings of eleotronic devices and
10 semiconductor devices such as a transistor; IC, LéI and
VSLI are classified into_two groups. _One is the hermetic
seal type which utiiizes metals; glasses, ceramics etc.,
-and the other lS the plastlc molded type which utilizes
‘; thermoplastlc resins or thermosettlng resins.
15 The former is superior in a;rt;ghtness but is
ok,/ very’expensive..'By contraet, the lattef can‘be pfoduced
..at a very loQ cost by mass production. .Owing to the low
manufacturing cost and the advance in materials and
'production technique for'semiconductor devices or sealing
20 resins iﬁ_recent years, 80% or more of the semiconductor
'products have come to be'occopied with the.plestic molded
type Semiconductors produced by transfer molding ﬁith
_thermosetting resins, among'which epoxXy resine are mainly

used.



'thernDsetting resins, anong which epoxy resins are nmainly used. -2- -
However, the sém conductor devices are becom ng nore integrated. year afteg;

year and, as a result, the industry advances toward a |argef chip size and s

a finer and nore nulti-layered wiring.c “As for the shape of packages, ow ng -
5 to the trend toward higher density and automati on of packaging , the:
package sk ze becones SfRYeEy %semq%émcwddﬁ%ewgseb#a%e%@e also -
shifts from_the conveptional pin insertion type packa‘g'r%E %épiqa[hexanple.of

di

whi ch is DI PSS9 i ¥RP PatkERe) YoR b #RE/ sBPf AcEeRBh o JPEUBFrY
kages i ncludi P d Flat P . SQU . Qutline J-bended
Package) and PR THOMATE 7 ChAtar oD LbAsH Fr FOVR( FLPRE PRET BREE I n
deg foi L t in Sj d of _pack d.15
oot i ng. metRad AT S Be” AT FBE chiBa SRR, o8 aRERESEE P Besi 1
C

| ayer of 2 R
the pin i'nsertion type t e-nountin e packagé has cone

packaging, the package 'size becomes smaller and thinner

and the shape of.package also shifts from the conventional
pin insefeion'type package, typical-example'of-whieh is -
DIP.XDual Inline Package), to the surface-mounting type

10 packages inclﬁding QFP (Quad Flat Package), soJ (Sﬁa;l, '-:QJ

' outline J-bended Package) and PLSCC (Plastic Leaded Chip
Carrief). | | | |

" With the increase in degree of iﬁtegraﬁioh,_

the“chaﬁges in size and shape of package aﬁd.

15 mountind meﬁhod,-the surface of_a cﬁip becomes'finef and
the”sealing_resin layer of a pacdkage gfaﬁﬁélly:becomes_ 

_lthinner. MoreoVer} with the shift f:om_the pin insertien

type to the surface-mounting type, the package has come .

to be exposed to higher temperatures than before during

20 'mounting. Consequently, when a sealed device is subjected P
' to a drastic temperature change, local heating or. the |
like, the thermal stress increases due to the difference
between the.thermai expansion coefficients of the
constituents'of semiconductor device (sealing'resiﬁ,
25 ‘chip, fraﬁe etc.) and thereby the sealing resin, ehip or
passivation film formed_on the chip_sufface is cracked or
‘the wiring oﬁ the chip'sufface is broken, shorted 5:'

| misregistrated. Thus are caused problems such as the

B UG Ya RF HPIBReL PAONEE ¢y VRRAUGEQmAL LB BE SDITE Trom



.to/he exposed to higher tenperatures than before during 20 nDuntlng
Cbn§~quently when a seal ed device is subjected to a drastic tenperature
change, *local 'heating or the like, the3thermal stress increases .due to the
di fference between the thermal expansion coefficients of the constituents

Of Sem conduchole eyt £ (SLAUAUL LG T\se 70 pfildre1L8MBe Bl ) agPioLher eby

the seali ng resin I p or passivatlion on t I p Surrace S

_cracked or thg NG uddEorid S face isy bﬂ%ﬁébfsm”ed or
nlsreglstrated Thus are caused problens such as the -3- 1 fluctuation

of characteristic properides goslhansBdcnantbid canpriici 1om £ £gbiability
t hereof. These probl ens becone nore enphasi zed as the nounting nethod for

packages shi fcurftion tethod forsgackKagds ®hife £ixom hths usfmcen g@pat i ng
type. I'n manufacturing the conventional pin inser- tion type package, the-
pin is ingertden rtyped e ttireo syirfaod-encafnttingy sishsd r at e and sol dered at - t.he
backsi de of the substrate. Accordingly, the tenperature of the package 10
nount ed on t he substraﬁa|man§ﬁ&aﬂu§ing)thd3chxnntﬂnnhl pin lnser-
tion type package, the pin is- 1nserted into the through-
hole of_the substrate and soldered at the backside of the
substrate. Accordlngly, the temperature of the package.
10 fmounted on the substrate is elevated to only about 100°
;30°C and hence there has scarcely arisen the problem
that the reliability of sealed product is reduced by the
thermal stress experienced‘during meunting. -Id manufac-
'tufihg the surface-mouﬁting_type package,'on the other
15 hand, mounting is conducted by means of infrared reflow
or vapor reflow with an inert'gas;'wpereby the whole
package is exposed to an.elevated temperature ef 200°C or
more. CenSequently,_the thermal strees increases due to -
the differences between the thermallexpansion'coefficients
2d -of'the cdnétitueﬁts of semicohductor'device (sealiné
resin, chip, frame, etc.) and thereby the sealing resin,
chip or passivation film formed on the chip surface is
.crecked or the wiring is broken, shorted or misregistered.
Thus.are caueed problems such as the fluctuation of
25 characteristic properties of the_device'and'the reduction
of rellablllty thereof.
Although the temperature at which plastlc molded

-type semiconductors are usable has been generally



1300C and hence there has scarcely arisen the problemthat the reliability

.of . seal ed product is reduced by the thermal stress experienced durlng R
mounting. |n manufac- turing the surjage_nountlng type packagé,’’on the. ’?f-;
ot her 15 hand, nmounting is conducted by means of infrared reflow or . vapor.

refl ow wt aé'oag%grgﬁsngﬁgrggxsutthﬁM@ﬁ@%&k@gﬁﬁﬁg Gt Lo an

el evated tenperaturé o nsequen ernal stress .

i ncreases due é?lgggnQ|£i?g@ggeﬁog %wee hgé“yaa§§ﬁl i reSIne_psgefflqlents

20 O the constrtuents of sem con ucto evi ce chi p,

frame, etc.) aoghibesebyotBeesedhicoa rt‘é%xb@ra(t@r%so'haﬁi%g%dﬁ@'iﬂf‘ gd ! mformed
on the chip surface is cracked or the wiring is broken, shorted or _ _

m sregi st er edreJhifedr gsCansedangebbeMheuelzeas ke deried Uats s of c 25
characteristic properties of the device and the reduction of reliability

~ thereof. AthaoDBedheypenpendtonauatowsi off rhasprdorladad detop
sem conductors are ugsabl e has been generally 1 considered to be about
[err] at the defbdesiveheahnetedont att tpleasbuntnbledméehymﬁgm@nmm or
devi ces usable at nore el evated tenperatures have cone to be
and aluminum electrode when allowed to stand for a
long time at an elevated temperature of'200°c or more
and are thus poor in the so- called high- temperature llfe.
10 "Therefore, a materlal having a hlgh heat re51stance,
adhe51ve property, low stress development, and moxsture
resistance has been desired for semiconductor sealing
material.

'As the conventional molding materials for

15 - sealing semiconductors, there have been widely used epoxy

resin'melding materials with a curing agent such as

phenol novolak resin and acid anhydrides. However, the

heat'resistanee of the epoxy'resins are, when the_glassl

'transition'temperature of cured product is taken as the

20 measure of the heat resistance for example, 150°-180°C - K—J7
and are not satisfactorf for meetihg'the above-mentioned
_requirements. Nevertheless, the heat resistance alene
can be considerably improved by using multi-functional
epoxy reeins, phenol resins of higher molecular weight,

25 oOrx multi-functional acid anhydrides as a euring ageht.
| However, the cured product of these resin

' fcompositiqné are not satisfactory in adhesive property,

moisture resistance. and electric properties and have been



Fequired as the range of the use is wi dened. Plastic 5 nolded type
sentconductors - of the prior art devel op defective connection at the joint
het ween + he gold ™ire and al umi num el ectrode when allowed to stand for a
l'ong tine at, an el evated tenperature of [err[ or nore and are thus poor in
the so-cal | ed hi gh-tenperature life. 10 Therefore, a material having a
hi gh heat resistance, adhesive property, |ow stress devel opnent, and .
nmoi sture resi stance has been desired for sem conductor sealing material. As
t he conventional nolding materials for 155 sealing sem conductors, there
have been wi dely used epoxy resin nolding materials with a curing agent
such as phenol nnablek tede usefl do draetite &S naterdads £ame heat

resi stance of the epoxy .resins are, when the glass tran3|t|on t enperature
of cured productelectronic paTHe 2hs haptnresistant resins Qthenddhan,
exanpl e, [err] and are not satlsfacto for neet| t he, above- nenti oned
requi rements. |QRARHY RaNS, foF é/ pﬁk}ﬁdig-d:'ﬁg "té consi der abl y

%”Péﬁﬁfirb&et‘zw%ﬁ“?'ﬁ%w%:°%$o¢%aé>aa A L
agent. Howe he gqur\[/gdap%) %o% éreoé Jiﬁ?%ﬂoﬁé} @e@i’ﬂ’%ﬂdﬂ{& are not

satisfactory
- materials, conventional molding materials using

polyimide'resin are markedly poor in curing
' characteristics, mold release, etc. Thef are also
"unsatisfactory in adhesion to chips and lead frames and
10 in moisture resistance. PPS is unsatisfactory in
resistarice to soldering heat. Thus, these resins have
_not Yet heen"applied to any practical uses as molding
o material fOr-electronic-device." |
The present-invention has been made in view of
15' the above, and an object thereof is to provide a B
*plastic molded electronic dev1ce using a phenolic resin
compos;tion of high moldability which when cured has
~excellent adheSive property, electric properties and
heat resiStance.. |

20

25



noi sture resistance and el ectric properties and have been 5 unable to be

‘used in practice as materials for el'ectronic parts. As heat-resistant N
resins other than epoxy resins, for exanpl.e polyimde resin and I

pol yphenyl ene
conpared with

sul fide (PPS) have already been known. 5 However, .as _
epoxy resin nolding materials, conventional nolding materials

using polyinmde resin are markedly poor in curing characteristics, nold

rel ease, etc.
frames and 10
resi stance to

They are al so unsatisfactqéy i n adhesion to chips and | ead
i n noi sture resistance. PS is unsatisfactory in 3

SOMIRRY O eE TNUVENTIdNIeSe resins have not yet been'applied-

to any practical uses as nolding naterial for electronic device. The

present-invention has bagRJrRded o/ Qﬁ@ggnttﬂé?éﬂgygh €¥H55g1#¥UeCt
e

thereof is to provide a plastic nnhdeg el’ectronic vice Using a p

enolic

resin conposi t peBvalicdl @h pralsdalyl hdnaedhicnacthenic R 1as Gifald /DT

adhesive property,” electric properties and heat resistance.

5

-consisting of a phenolic resol resin and a cure-raté

10

15

20

95:5, the phenolic resin molding composition having a

- purity such that it gives,_when ground and-extracfed by

the device is sealed or transfer-molded with a phenolic

resin molding.cdmposition comprising a resin component'

.o

controlling'agént_in a weight ratio of from 75:25 to
v/
heating with 10 times the amount of hot water at 120°C

for 100 hours or more, an extract'having an electric

conductivity of 100 puS/cm, or less, a pH of 4-7 and a

.halogen ibn.content of 10 ppm or 1ess_(calcu1ated'as-

_content in the-molding composition);:

-Preferably the pure4rate controlling'agént is

at least one epoxy resin.

BRIEF DESCRIPTION OF THE DRAWINGS - '@+3'
| Fig. 1 is a graph showing the reéults_of tests
fo:_examining-the inf;uences of a variety of molding

matefiéls (in' the férm of-mblded.prbducts)

on the connection



i - .
20 25 6 SUMVARY OF THE { NVENTI ON According to the present invention,
thergsis provided a plastic nolded electronic device, wherein the device is
seal ed or transfeer-nolded with a phenol4c_5 resin nol di ng conposition

conprising a resi.n conponent consisting of a phenolic resol resin and a
t he-

-rat | ty .4 a weight, ratio, of from75:25 to 95:5,
gﬁ;ﬁo[ ?cer'gg{?tﬁ%%g]n#i%%g%gl?n&&ls% ?%:n | DSy 2FsstirisRP S A AT i*l'e};%“]“linves, when:
d d extracted by .heat j. Lt i res..the anpunt  of*hot water -
g'[ Otjgr r ?nf orexéé%ﬁtﬁo%rfs)ggr}'gm‘)vrlg,% B%ng%agtl%% \ﬁuﬁg.e&ﬁcgirgg)er‘i ¢ IS tii ty

of 100 pS/cm 505chesftid E%ogg-%éZtQBﬁgﬁ Ralpoer 5?%%%%“€§§éf§£ﬁg)dgggc"'

|l ess (cal culated as content .in the nolding conposi .
Preferably thencune- kakescomt Fabli B9 agegt i3S ;at l gast pukneaRYy TeSin.

BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 17i's"a grapH sh g the resUIts.of
tests 5 chromatograph showing the molecular weight distribution
of one eXample'df the resol-type phenol resin used in the
present composition.
- The numerals in the Figures mean the following.
“1%'.silicon chip, 2: gold wire, 3: 1éad frame, 4: silvef
10 paéfe; 5: cured resin, 6: élass ampdule.
| Iﬁ order fo solve tﬁeuébove—mentiOned-pfoblems,
- the présent inventors have made extenSive studies on
phenol resins, which had been regarded as alﬁost7
practically unusable as a matériai for electronic parts
15 due to their high content of ionic impurities and poér
.'TgleCtric properties, inéiuding sﬁudiésfon.methods for
inérgasing fhe pﬁrity} imprbvihg the eiectric prbperfies,
and-“application to mb;ding;matefials,-of pheﬁol resins.
As a result, it has beén_found unexpectedly that the
20 phenoi resiﬁ comﬁosition used in the invention has.good
moidabiliﬁy, adhesive property, electric propertieé,_
.moiSture resistance and heat resistance and gives sealed
'_products excellent in resistance to soldering heat and
in the strength and life of the connection of the joint
25 of gold wire‘with an aluminum electrode in a long time
standing at high temberaturés} Thus,.the present inven-
. tion has been grrived-at_

The present invention has'an_excellent feature °



20 for examning the |nfluences of a variety of nolding materials (in the
form of nol ded products) on the connection - 7- 1 strength and*life a((
an el evated. tenperature of the joint-o8 gold wire with an al um num
electrode Fig. 2 is a schematic cross-sectional view of a test appar at us

used in-the bEskekdhgFiid pbssible, PdiscfdelrPerBRais@nop a CheggnL ogr aph
showi ng the nol ecul ar wei ght di stribution of one exanpl e of the resol-type

phenol resi ntypedphenidle rysEsanttcc Grgesin e flhene ures bssahdet WeoFi gur es

mean the following. 1: silicon Chlp, 2: gold wire, 3: lead frame, 4: -

silver 10 peaitbpu® incorgdradgsion of a (llase ampantdantn order to solve the.

~above-nenti oned probl ens,. the present inventors have nmade extensive studies
on phenol resins, whith thadpisfenrred galdiox esmeabitizn pseal tinhcidle presensabl e as

a material for electronic.parts 15 due to their high content of ionic

i mpurities amoventdon elthetrasinprappenenitesonsistingliofiga gheobde oesatet hods for -

|ncrea5|ng the purity, inproving the electric properties,
resin and an epoxy resin preferably has a low content

of ionic-impurities-such that when extracted with.lo
‘times the amount of hot water at 120°C for 100 hours or
: more‘the e#tract_has an élect;iclconductivity_of_lDO
10. uS/cm ar.less,.a'pH of 4?7 and a_cohtént of extracted L
-halogen iéns of iO ppm or less.  Fillers may be added as \_)-
occaéion demands; Although the filler is not particularly
‘restricted, it_is préferably\an inorganic particulate
substance. Mora preferably, it is at leastuone inorganic |
15 particulate suBstance selécted from fused silica,
crystalline Silica, and alumina, _- :having.an average
particle diameter of 1-30 um. Particularly p:aferred is -
spherical fused silica. | |
| | Since the phen51ic resol resin used in the
20 present invention has a reactive methylol group and _ f. \/
hydroxyl_group_ln.the mqlecule, in principle it can be |
heaﬁ-curedfby'itself. Moreover, even when no curing
‘agent is'ﬁsed, the'cure.:ate is considerably highér_than
that of sach'thermosetting :esins as epoxy resin. How-
25 ever, when such a fast~curing resin is usedaforfa molding
material, coating material or laminating material for

electronic parts, it is difficult to mold the resin into

a specified shape, or mold it without developing voids



& .
and application to nolding materials, of phenol resins. As a result, it has
been, found tnexpectedly that the 20 phenol resin conposition used in the
tnvention has good nol dability, adhesi\e property, electric properties, _
noi.sture resi stance and heat resistance and gi ves seal ed products excellent

i n resistanceot odsmagling nghbeshsend, | owihg 8br engt éxaadshvéﬁyofshbbzre
connection of the joint 25 of gold wire with an alum numel ectrode in a
long tine stafitibwagbhe bimé éﬁnﬁbéammt631alThusccbh61QQE§enﬁnlahan- tion has
been arrived at. The present invention has an excellent feature -8- 1
of making it possebteinpanticunl artyrbéyraste cobnbrobibhg sgpptphenakedesin,
to attain the flane resistance V-o without incorporation of a flane
retardant. |ntedethperfe: tedtelglieryp domesidl aedisedn prder preesent 5
i nvention, the resin conponent consisting of a phenolic resol resin and an
epoxy re5|51;ﬁQQQ#%@#ythﬁﬁ$@F$QﬁvExmm%htyofVi©©¢%1tmpufl©weblbuth ehat when
extracted with 10 tines the anount of hot water at [errl for 100 hours or
more the ext Rkttiasradint ecthoughocenretyate agutro 1-1ng agent is

~not spec1f1cally restrlcted, it is preferably an epoxy
-resin. |
- The weight ratio of the phenolic resol resin
10~ to the cure rate:conttolling_agent is-
75:25 to 95:5, preferably 75:25 to 90:10.
The reason why the proportion of the cure
rate_contfolling agent should be 5-25% by weight relative
- to the total resin component is that when the proportion
 15 is less.than'Si-by-weight,_the euting property, viscosity,
-flowability etc. of the resin cannot be re§ulated
_'suff1c1ently, whereas when the amount of the agent is high
advantageous characteristics inherent to the phenollc
resol re51n such as heat re51stance (or high- temperature
N 20 _property), flame re51stance, etc. deteriorate.
‘The phenolic resol resin referred to
-herein. "  is a resin synthesized bf the condensa- .
tion of a phenol such as phenol or cresol with formal-
dehyde 'in thefpresence of a basic catalyst such as
%25 ammonia,.hexamine and amines. 1In the reactipa;'it is
| preferable to carry out the reaction for a time long
. enough to reduce the amount of unreacted starting materials.

It is also preferable that the molecular weight is



10 [err] or less, a pHof 4-7 and a content of extracted hal ogen ions of,
10 ppmor less. Fillers may be added as occasion denands. Although t he y/
filler is not particularly restricted,git is preferably an.inorganic
particul ate substance. Mre preferab y, it is. at |least one inorganic 15

parti cul age subst ance sel ect, %dvflregrmofus_-g% %laﬂljl% éﬁr%ﬁ?etlaé}} &[}F silica, and '

al um na, 1 suitah é 3A®aver g€ part i err]

Paft'cu'ar'yﬁff BEQBLofSQ 187 82k ined diia. sl o ¢ﬂ§¥ﬁéfc reso

"resin used i €Sent i nvention-has a reactive meth group and

hydr.oxyl groyp kamat}% %Bleeﬁ'ﬂ&%ac't@ap@tasﬁln% infa tea1 36 heai def‘éi by

itself. Moreover, even when no curing agent is used, the cure rate.is

consi der abl y; highet ;phanthhat- ek t3ueh proeims ald, resin.
How 25 eve% bmﬁ%nlsuc ta agt cur|n5;r65|n S Jggﬁfsg?ﬂglﬁﬁ?ﬁfﬁ%%d

mat eri al Ecoauﬁgaﬂﬁbe&aal pRefledablyt haghad il vadlerel@ctaunscpadts, it
is di.fficult to nold the resin into a specified shape, or nold it mﬁthout

gﬁ\érelt opi ng Vde§team9dls(t&ld;al‘t&@hnﬁnﬁh&hlemﬁ&m’fordmglmgz tdr it wndessi vel y.
reduced pressure, or as occaSLCn demands, treated with an
1onfe§Fhange resin, ion-exchanger or the like. The epoxy
resin referred to in this invention is a éroup of

10 synthetic_resins containing the group i o k_)
mF
—P—O—<:>~?4<:>—OCHZCH-CH2-+3
. : CH3 - . i
- wherein n is 0 to 9. It is, for example, a resin obtained
by the condensetion of bisphenol A or a phenol_novolak : |
g resin with-epichlorohydrin. .Also ‘with said epoxy resin,
the reaction product is preferably freed thoroughly of"

15 unreacted startlng materials and ionic 1mpur1t1es.f Slnce

~ the ionic lmpurltles contalned in these res;n components

‘are of many varieties, it is difficult to specify an &

'allowable content for each 1nd1v1dual 1mpur1ty. However,"
_ it is specifﬂair. that when the resin component is extracted
20 with 10 times the amount of hot water.at 120°Cdfor 100
hours or.more, the extract has an electric conductivity
‘of 100 uS/cm or less; a pH of 4-7 and a content of
extrected-halogen”ions of 10 ppm or less. .
‘The molding composition used in the present invent-

25 | ionmay incorporate an inorganic filler with the aim of



i

flowable time of the material. Accordingly, in the present invention a cure
ra{e contrdlling agent is used together w th.the phenolic resol resin in
sorder to 5 regulate the curing properiyu-viscosity, flowability etc. of the
resin. Though the cure rate controlling agent is not specifically

restricteq, kmpkdvRhgf ¢habkyedmatpexpaneibvn. cHE faRiiGhit M alhiednafy the .
phenolic resol resin 10 to the cure rate controlling agent is 75:25 to

95:5, preferabhguétizdtyq 20akicThedugasgn eway b&eth@OﬂQ&bHO®r@Euhhe cure
rate controlling agent shoul d be 5-25% by. wei ght relative to the total
resin conponeaualiynhahewﬁdmlbhe1prupeﬂtunnth& rangleeE (SI5x8 0%y wei ght,
the curing property, viscosity, flowability etc. of the resin cannot be
regul at ed sufblument pyefenabdys 5@kdast by xodume ofreflhe izrgeto ithehi gh
advant ageous -characteristics inherent to the phenolic resol resin such as
heat resistahesalovobhgk- oénpbeacampozdtipnepelhyy ikl besaussi shamce, etc.
deteriorate. The phenolic resol resin referred to herein ' is a
resin synt hetheeBraporkéonoadehssas than §6%abphuednmeuckhesapoaeol or
cresol-with formal - dehyde in the presence of a basic catal yst such as 25
ammoni a, hexB®ThécrAd BRPRestiepnceRebpeddffdmulitly| dmproved satis-

.féctorily, whereas when the proportion exceeds 80% by
volume, the resulting materlal tends to undergo a marked
10 'lncrease of viscosity and decrease of flowablllty. The
kind of 1norgan1c fillers is not critical and var;ous
compoﬁnds can be used. Fof electronic parts, .
however,.it is preferabiy that ﬁhérmally and chemically
stable fillers are used. Speéi%ically, at least.one
15. inorganic particulate_substance selected'frbm.fused
silica, érystélline silica, and alumina is more prefer-
-able. In-particular,'spherical fﬁsed silica is most
;preferable‘ Because it haé recently come to be commer-
cially-produged in a large séale, not only has itself a
- 20 - small-thefmai expahsion coefficient but.also gives, when
'mixéd with resin, a slight_increaée in viscosity and
-decrease in flowability to the product. These fillers
pfeferably havé an average particle diamefer.in the range
 of 1-30 ym. This is beqausé when the aQe:age particle
25 diameter is less_than 1 um, an ingrease in viscosity and
'markéd decrease in flowability of the resin compoéition
. tend to occur. whereas wﬁen it exceeds 30 um, the resin

composition is liable to undergo sépatétioﬁ of the resin



preferable to carry out the reaction for a ti.ne | ong enough to reduce the uw"‘
anount of unreacted starting materials. It is also preferable that the .ij'
nol ecul ar wei ght is 4 - 10 - 1 suitpply large in view of ‘the curing- o
property and flowability of the resulting resin. Further, in order.to
renove the_ unreag t [N rival §q¥*i | G 43 ritles,,i reaction
“product i s} ~g"f‘§1§§5§gfl—§g§%g}}t ?gl'é?;fg.&l%r\?m t gﬁog{(ﬁcléil 'ef%%%@l%}%s ied with
vater or subj g6hefn | Po2h@Udls Lirbladlcadn ! AR AY Yortld fLL pinder
reduced pressure, or as occasion denmands, -treated w.th an |on-"exchange

resin, ion-exghgpgetigs biechick® prodacRROX%r &Y SN & bt Cdghi i Sy

I nvention is a group of 10 synthefic resins containing the group [err]

wherein n is Onteifiinkt nhsrokOkrexddelss, a resin . obtained by the _ :
condensati on of bisphenol A or & phenol novolak resin wth epichlorohydrin. -

Al.so with gaid epoxy reshnthehpresesi eomposditdion s vareiralkdaa it rass
thoroughly of 15 wunreacted starting materials and ionic inpurities. Since
other than those mentioned above may’'be used according
to necessity. Such additives inciﬁde curing caﬁaiystsl
 for encouraging the setﬁing-reéction of resin, flexibilit&-
imparting aqén£s for increasing the toughnes?lor decreas-
10 iing the elastic modulus of the cured'ﬁroduct,-coupling
! S aéehts.for enhancing the adhesicn of the resin'component.
withiﬁhe filler, dyes or pigments for coloring, and mold
- release agents.for improﬁing th¢ mold release of the

cured product from the mold, within a range not deleterious

15 to the'objéct of the invention.

When the filler or-the_respective a&ditives_'
mentioned above contain a large amount of ionic impurities,
the reliability of the final product is greatly reduced

- as - " in the case 6f the :esin_compdnent;"The;e- o
20 fore;_it'is_preferable that, when the additive is éxtracted N
with 10 times the amount of hot water at 120°C for 100
hbﬁrs or more, the extract has an eiectric conductivity ~
of 100 uS/cm or less; a pH of 4-7 and a content of
extracted haiogen ions of 10 ppm or lgsé with regard to
25 these additives either. | |
| To reduce the adverse effe¢t of such ionic
iﬁpuriﬁies exerted on the’reliability.of-the-final

products, fine particles of an ion-exchange resin or an'.



the iaQnic inpurities contained in these resin conponents are of many
varqules it-is difficult to specify an allowable content for each

i ndi vidual inpurity. However, it is spggitied t hat when the resin
conponent is extracted 20 mﬁth 10 tines t he amount of hot mater at [err]

:{Sir]“’gr“"““ o n”"é%h L S eéoe%#*a% S RE iRt 10
ppmor |ess. Thg Ié%?d§¥q¥gﬂtl %#“bfgf5¥¥ﬁléQ¥EQt t%gs onmay

incorporate- an |norga er with the a|n1 | mMpr ovi ng her ma

expansi on coef fdaai1ei \ird1fadifilc GHlusidnddder £ AR GdMpdMsidd Gn@f the
‘cured product. Usually, the filler is used in the range of 55- 80@6by _

vol une, prefer&%&ﬁbd?%%ﬂaé \6H @ inidyatdy S idmdte, PhdsBdry®l unme of the
conposition.- This is because when the proportion is less than 55% by

vol ume, thesabave-inoiild @REd ,PrAIReIdn iR Galt Pvonditd | al tdnidmmaoyatbriatd 5-
factorily, whereas when the proportion exceeds 80% by vol une, the resulting

material tendstin andtdmgnateayachadnlitm iy ease taf, \dRE osintaam decimese
of flowability. The kind of inorganic fillers is.not critical and various
' nate. Fine partlcles of direct ion- exchange resins or
ion~-exchangers may be lncorporated in a proportlon of 5
' par;s_by wéiqht-or less, preferably in the rahge of 0.01-
10 S-pafts by weiéﬁt, more preferably 0.1-1 part by weight'
relative to 100 parts by weight of the resin composition.
Thereby a remarkable improvement can be obtained in |
preyenting the corrosion and breaking of aluminum wiring
. and electrédes'in the moistufe resistuance test of plastic
15 molded type semiconductors, and in prévehting the defec-

. tive connection at the gold wire-aluminum electrode joint
in the high-témberatufé standing tgst_df plastic molded
type sémiconductors. | | |

 The epoxy-modified phenol resin used in the
20 .invention is assumed to exhibit desiraﬁle eleéfric and

l other properties as compared with prior molding resins

attributable to the removal of ionic impurities
h -attaihed by.high degree of purification.  The success
in attaininé tﬁé flame resistance V-0 is assumed to be.

25 due to the phenol resin component itself.

'The method of preparation and purification of



t

conmpounds can be used. For electronic parts, however, it is preferably that
thermal 'y and chemically stable fillers are used. Specifically, at |east:
-one 15 inorganic particul ate subsiap@e selected fromfused siiica, . ¥ .
crystalline silica, and alumina is nore prefer- able. In particular, i

spheri cal fﬂﬁ@ﬂoihb'?ésbi %a%&npﬁeéaraﬁleheBgeageﬁ bbmﬁeslkﬁsﬁ“t'y CO"? to

be comer- cially produced in a l'arge scale, "'not only has itself a 20

smal | thernpk pragskgeegoggﬁbalggtohgteggﬁglglves when mixed with resin,
a slight increase in viscosity and decrease in flowability to the product.

These fillers preferably have an average particle dianeter in t he range of
'1-30 [err] This is because when the average particle 25 dianmeter is less
than 1 [errbreparatieasBxampiiesaosity and marked decrease in flowability of
the resin conposition tend to occur. Wereas when.it exceeds 30 [err] the
Tesin conposi t$pntheslisabEephenahiler gessépaeatnon of the resin - -12- 1
conponent fromthe filler during nolding, resulting in non-uniformcured
product s5 and fl uctuatTonaoB- bhysrcﬁlapkopeml piacfedClﬂirOde gprdﬂilpliemo]_o; to

show a poor capability
_ 550 g of 30% formalin and 25 g of 25% aqueous ammonia
solutlon, and the resultlng mixture was gradually heated
‘with stlrrlng and then heated under reflux at 90°C for
60 mlnutes. The ;nner_pressure of the_flask was then
10 reduced to 20 mmHg to remove condensation water and
unreacted components. |
Then}fSOO g of the reaction product-was placed
" in another. 3-liter flask 1l liter of delonlzed water was
added thereto, and the mlxture was stlrred v1gorously at
15 90°C for_lS minutes. |
| | After coollng, the upper, aqueous layer was
removed, 1 llter of deionized water was again added to
Rl . the remaining lower layer, and the mlxture was stirred
' ;r.vigorously at-70°C for 15_minutes, tﬁen cooied, and the
zq'-upper, aqueous layer was removed. -
After.the above operation had beeu'repeated 5
.times, the reaction product'was heated up~to'90°c under.
reduced pressure to remove water, whereby the |
_ desired phehclic resin'resin_was oBtaiued.
25 c lThe melting point and curing characteristic of
: the'phenoiic resol ~ resin obtained above are shown in

Table 1. Further, 50 g of deionized water was added to




|n filling narrow crevices. 5 - In the present conposition,

vari @ys additives other than those nentioned above may be used according to
necessity: Such additives include curdng catal ysts for. encouraging the
setting reaction of resin, flexihility- inparting agents for increasing the

toughness oy dgc§eg§ +A8 ré@BlLES gﬁﬁghgl %ul S 2%l %@%HEH*%tFﬁéUhﬁh t he

coupling agents for enhancing t esl on: ok~ &he resin conponen

filler, dyes ofopi gEBNhSUrkOr €ALOpHNENARRY elRkd ol ebﬁeﬁeﬁ%@ys dOfthe
improving the nold rel ease of the cured product fromthe nold”~ within a
range not del ehgebpusribr taiihneakiifgt anl the ragenk oF. dﬂ@m&éﬂyaar I Ier
or the respective additives nentioned above contain a |large anount of ionic
inpurities, thexteaceabdl ibyiof imparfithak byodbﬁtek&hgh@@tbhﬁbmwt@@iayhy

in the case of the resin conponent. There- 20 fore, it is preferable

t hat, when $hearnedalsveshewnxina®abilewlth 10 tines the anount :of hot water
at [err] for 100 hours or nore, the extract has an electric conductivity of
100 [err] or less, -a pH of 4-7 and a content of extract ed hal ogen ions of
10 ppmor |ess with regard to 25 these additives either. To reduce the
adverse effect .of such ionic |npur|t|@ébbﬁeited on the reliability of the
final ' : _ : _

'Softening_point (°c) : I 1 65

Gellation time (min), 170°C - R _ 35
~ o : | - pH . - 6.0

L Electric conductivity |
Properties of extract , (uS/cm) 30

(after 120 hr/120°C)

c1” (ppm) 10

* .
Br (ppm) o <1

Note . *: Calculated in terms of concentratlon in
resin . .

Further, the molecular welght dlstrlbutlon was
determined by gel permeation chromatographyt - The result.
~ o | is shown in Fig. 3ﬁas a graph.Which relates the retention
time‘fas abscissa) with the relative intensity (as
10 ordinate). |
These results reveal that the purified phenolic
resol - resin contains only a.very small amount of
© . ionic impﬁrities.
Further, it is apparent from Fig{ 3 that the -
15 reaction pro&ﬁct-comprises mainly multinuelear componeﬁts

of'two,'three or more nuclei and. contains little of the



products, fine particles of an ion-exchange resin or an - 13 - -

i on-exchanger may al so be incorporated directly to the resin conp05|t|oqy ;
Particularly preferable are the soqgcall €d i norganic ion-exchangers such™as- .
hydr oxi de and hydrated oxide of antimony or bismuth, phosphorus 5 antinonic =

acid, zir i [ ﬁp% n anti nonate, 'chronium'
ant i norrat g&qj ggt[aégnt ﬂ%ﬁcg'ntéldmaap ‘b‘{'}, i ne %ar?l c%es of direct :

| h 0 )
of 5 parts by wel oRPIGIY CREHEIEAE Baf' e B TERSER iyt Bale” PN
by wei ght pengdderh&d eheBier the%apﬁﬁaeléw ietightrol Bhvahl VikalB1d)0 parts by |

wei ght of the resin conposition. Thereby a remnarkabl e”i nprovenent can be
obtai ned in preventing the corrosion and breaking of alum numwring and

el ectrodes in the noisture resistance test of plastic 15 nolded type

sem conduEkxemplesnd-i3n preventing the defec- tive connection at the gold

wi re-al um num el ectrode joint in the high-tenperature standing test of _
pl asti & nnlded typeMgéﬁhnmumﬁﬁankalSHW?R%KD@@Dﬁde|kw peengl ipsin used in-

t he
m1x1ng ratios shown in Table 2 later, a phenollc.

‘resol resin purified by the above-mentioned method and

a bisphenel A—rype epoxy resin as the resin compohent,m
spherical_fased silica having an average particle diameter . ()

10 of 15 um as the filler, epoxysilane as'the coupling agent, :

montanic acid ester wax ae the mold release agent, and

carbon black as the coioring agent. The reséective

startiﬁg.materials'were kneaded by using a two—aXle’rell

at a-rell surface ﬁemperatureiof about 605i5°C'for about.

15 10 minutes.

Examples 4 (Cemparative), 5 aﬁd'6.¢*
Three kinds of" moldlng materlals were prepared -
- in the same manner as descrlbed_above and by uslng the
same srarting materials-as in the above Examples.in
2d mixing ratios showﬁ'in Table 2.
' Example 7 (Comparative) -
A molding material of the same mixing ratio as
in'Example 2 as shown in Table 2 was prepared by using
'as_the resin compohent an unpurified resol-type phenol

'25 resin (softeniné-point:'-60°c; gellation timer 30 sec;



3
20 invention is assuned to exhibit desirable el ectric and ot her
propeLti.es as conpared with prior nmolding resins attributable to the
reroval of ionic inpurities attained byihigh degree of purification. The
success in attaining the flanme resistance -Ois assuned to be 25 due to

the phenol nesigh cemanic idetidctivig, MRl kx ©fadtaParBlid dhftent -

purification o -14- phenoliic resol resin used in the presen conposition
i's i1l ustrateddFeladpn na gl s t & epzg atdwns Rt erde Sioh heei s206c:
phenolic resol resin 5 - In a 3-liter flask were placed 500 g of

phenol , 550 g afespétiioraint in HNd D qiSHfer? FEhddLEprmnoni a sol uti on, and
t he resultlng m xture was gradually heated with sti.xring and then heated

under reflux at [err] for 60 minutes. The inner pressure of the flask was
then 10 reduced to 20 nmmHg to renove condensation water and unreacted
conponents. Th&anpd® @ dfomperamsaved on product was placed I n anot her

3 Ilter fl ask,- 1 liter of deionized water was
5 A molding material was prepared by kneadlng

T -90.parts by welght of an o-cresol novolak—type epoxy
resin (époxy equivalent: 195,.softening point: 75-80°C):
and 10 parts by weight of a brominated bisphenol A-type
'éﬁoiy-resini(epoxy equivalént: 394, softening point:

10 65°C) as the resin component, 55 parts by weight of a
| phenol novolak resin (hYdﬁoxyl equivalent: .106, curing_
temperature: GS?C)_as_the cqring agent,'l.o part by
' Weight of triphenylphosphine as the cure_accelerétor,'
470 parts by weight of fused silica having an average
_  15 particle diamete? of 15 um as the filler, 10 éarts by
weigﬁﬁ'of antimohy-t:ioxide.as the flame retarding
assistant, 3.9 parts by weight of epoxysilane as the
L._coupling agent, 1.0 part by.weight-of montanic acid'eStef
.-tf{ L wax as the mold release agent, and 1.0 part by weight of
- _20 carbon bléck as'the coloring agent, with a_two-aXle roll

in the same manner as in the above Example.

Example ¢ (Comparative)
A non-flame resistant type epoxy resin molding.
material was prepared by kneéding 100 parts by weight of
és an o-cresol novolak-type epoxy resin (epoxy equivalent:

195, softening éoint;' 75-80°C) asfthe resin component,



added thereto, and the m xture was stirred.vigorously at 15 [err] for 15
m nutes. After cooling, the upper, aqueous |ayer was renoved, 1 liter of< <
dei oni zed water was again added to-ti@ £emaining |ower |ayer, and the. ¥

m xture was stirred vigorously at [err] for 15 m nutes, then cool ed, and

the 20 yppeg pAAHEOY l8Y6heveg LepRyadl AbeLakhe %xg(hggﬁ{égér\}r on had -

been repeat ed times, the’reaction product was heate . _under .-
reduced IOreééﬂi@al@n{:@‘meQG\{VaEGEtéﬂﬁ_ﬁ&egbih'%% dggjoicgd phenQl idy AR} N resin

-,

- was ‘obt ai ned. 25 The nelting point and curing characteristic of .

the phenol iggérepl 1.0 pestnbpbiaigrd. QEO\tQigh%ngh@%sip'hi-ﬁ%b'a% khe Further,
50 g of deionized water was added to - 15 --5 g of the resol -type phenol
resin and heatedacteleratotor 4880phetssby Wedghl afd sphesticaQd GuyHeativity
of the water after said heating and the result of analysis of extracted
ionic irpursilbeallyaving exnhangeagér pagtdglepdiametateodl 36 shows in Tabl e
L Teble lthe filler, 3.0 parts by weight of.epbxysilane as the
coupling agent, 1.0 part by weight of montanic acid ester
‘wax as the mold release agent,fahd 1.0 part by weight of
‘carbon black-;s'the coloring.agent; with a_two-axle'roli_
.10* in the saﬁe mannér as the above Example. |
Each of the molding materigls thﬁs-obtainéd'
was examined for'its'moldability at 170°C. Separately,
it was molded at a mold temperature of 1703C, molding
.pressure of 70 kg/cmz"and a molding time of 90 sec and
-15 then“post;cured at 180°C for 15 hours. The molded'product.
was examined for its-vérious properties. .Further,.the '
mbldéd product Waé éround to pass througﬁ a IOQ—mesh
screen, tﬁen 50 g of deionized water-ﬁas addeé to 5 ¢ o#-
 the resulting powder, thé mixture was heated.aﬁ 120°C qu '
20~‘1203h§urs, ahd the resulting water was exémined for pH A
and electric conductivity and analyzed for ionic impurities
'ektraétéd. Thé results of these tests are collectivély
__shown in Table 2. The adhesive propertyiin the Table
refers;to the vélue obtained by sealing the tip of a
25 42 alloy specimen 0.25 mm thick and 5 mm wide:with each
molaing material (seéled'paftg 10 mm) and subjeéting

the specimen to a drawing test.



Sof t ening point [err] , 65 CGellation time (mn), -
[err]Aw o 35 pH ' - 6.0 Properties of
extract Electric.conductivity 30 (atteg 120 [err] [err] O (ppm
10 -Br (ppm * :Note * Calculated in ternms of concentration in resin,
Further, the nol ecul ar weight distribution was determ ned by gel perneation

chromat ography. The result is:shewn in Fig. 3 as a graph which relates the
retention'tinme (as|ab cis_sa)'mjththe r_ela1iveinten_sikyKaé 0 jorfdinate).
These results rgvedl” fhat [TNE putiT]ed phenolcjrgsot TgSTiTont ai ns
only a very smalll™ anopn{ qf fiohi¢ ippyrilties.| Further, it} i'p fppprentofrom
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1 unreacted | ow nol ecul ar wei ght conponents. Ml ding conpositions for use
in the present invention will be described further in detail belowin th
fol l owing Exanpl es. Exanples 1-3 5 : Mol di ng materials were .
prepared by using, in nmixing ratios gRown in Table 2 later, a phenolic S
resol resin purified by t he above-nentioned nethod and a b| sphenol A-type
‘epoxy resin as the resin conpaopent, spherical fused silica having an® -
average particle di anet er 10,%df 15 [errﬁ as g filler, epoxysilane as the _
coupl i ng agent, nont anla; acu;leester wax :asa &he-—ol d rel ease agent, and

carbon bl ack as thexcel®ri ngcwent 5 188 eSfeive starting materials were
kneaded by using a tﬂ/\/&&bg e 5qll atya Ec&l“- :‘%ge t enper at ure of about 2
[err] for about 15 HE mihut@sg Ex@g?g L@) rative), 5 and 6 Three

ki nds of nolding Mot @l We e Ep Hhgther sarre manner -as descri bed
above and by using @8 $ane St‘“aﬂtlgginﬁ@ﬁl B%E in the above Exanples in

20 nixing ratios sﬁoﬂmﬁl@ ‘@@g 2 ‘:gxarﬂ)ﬂé:?ﬁ'EQgrrpar ative) A nolding

mat eri al of the gane m xing ratlo as in Exanple 2 as shown in.Table 2 was o
prepared by u3| ng a8 the redin com’ionent an unpurified resol -type phenol - - !
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25 resin (softening point: [err]ugellation time: 30 sec; 1 pH,
eIeoLplc conductivity, and extractéd C ion content of aqueous extract.
after 120 hours of extraction at [err}:2respectively 9.5, 4500 [err] and

1540 ppn). Exanple 8 (Conparative) 5 A nol ding material was
prepared by, kneading 90 peyrleh sy, Wle!Ho12louAMa0 tRIRS Qla ) WA ked WA &ROXY |
resin (epox% equi val ent: - 195, softenlng point: [err]) and 10 parts by:

wei ght of a bremenﬁh%d.u@n%@"%'@lth@ AR 19RO KA HedSid (P The gris@lent: 394,
softening-point: 10 [err]) as the resin conponent, 55 parts by wei ght . of a

phenol novol ak j hgehtt iChY Ek@rtledgduwnéal @hls matbdG.alCuld RGdE M aildctrdreid |
as the curing agent, 1.0 part by weight of tri phenyl phosphine as the cure .

accel erator, 4parpal,t snbheeicgitirosichuaed thd canh@dtiprareldartage tho of
particle di ameter of 15 [err] as the filler; 10 parts by weight of "antinmony

trioxi de asst hehkl alamieuar dleg tresies badd th& ol twsi riey-admingmuno f
epoxyS|Iane as the coupling agent, 1.0 part by weight of nontanic acid -
ester wax as tbtestrddecljodnt @geﬁemlanndmc&OGaﬁmvnpewelgm§(ﬂhowu)utarbon
bl ack as the coloring agent, with a two-axle rol
' - Fig. 2, each of the various molded artlcles was placed
together with a bare element to which a gold wire had
"been bonded ih a glass ampoule heving an iﬁner diameter
10 of'30tMm aﬁd a length of 150 mm, then the whole was
.  heated at 230°C, and tﬁe change of'the'joining strength
of gold with aluminum with the elapse of time during the
‘heating was determined. The results obtained are shown -
_in Fig. 1. | |
.15_'-: _ Thus, Fig. 1 is a graph showing the influences
- of a vetiety of molding materiels (in the form of molded
ptoducts) oﬁ the connection reliabiiity at high'tempera-
ture of the gold wire - alumlnum electrode joint in terms E
of a relatlon between the heatlng tlme at 225°C (hours,.
20 as absc1s$a) and the gold/alumlnum jOlplng strength (g,
astordinéte). | | |
Fig. 2 is a schematic cross-sectional-view of
the.test epparatue and the specimen used in the test
method of Fig. 1. In Fig. 2, numerai 1 denqtes a silicon
25 ehip, 2 gold.wire, 3 lead frame, 4 silver paste:(adhesiﬁe_
| "agent), S cu:ed resin (molded product) and 6 glass
ampoule. |

As is apparent from Table 2, while the molding



in the sane manner as in the above Exanpl e, "‘Exanple 9 (Cbnparatlve) A
~non-flanme resistant type epoxy resin nolding material was prepared by
kneadi ng 100 parts by wei ght of 25- am ©-cresol novol ak- type epoxy resin
(epoxy equivalent: 195, softening point: [err]) as the resin conponent,
-18- 58 pariqatbyiaei elfit Colparphdrvel mxawpliak 4resim Wil eedolpayal ent
106, softening point: [err]) as the curing agent, 1.0 part by weight of
tri phenyl phpephoherasinhdscusedaaceher ata thﬂﬂrqxﬂnscdmponéqﬁu'has o
spherical fused 5 silica having an average particle diameter of 15 [err]
as the fillarhighOmpartt yvisgowdityhendf vepyx poidrame laabila tyoupthieng agent,
1.0 part by weight of nontanic-acid ester wax as the nold rel ease agent,
and 1.0 parmobgingi gateygfiadsr bén Bspapl ess 1t @ Gol oring -agent, with a
two-axle roll 10- in the sane nmanner as the above Exanple. Each of the
nol di ng Sateri al s t huswBBER featads @P@#Nné@sﬁﬂfqquQﬁﬂdﬁﬁmﬂhqgﬁ%n,[err]

Separately «~t was nplded at a nold tenperature of [err] noldi ngl
" not. only have a.good moldablllty but also show good 1gh—

B
A

" temperature propertles (glass tranSLtlon temperature and
bending strength) as molded products. .However, when the
amount of compounded epoxy re51n is 1ncreased as shown ln
-10 Examples 5. and 6, the high- temperature propertles of the |
molded product deteriorate as in the.epoxy resin_molding
materials shown in Examples 8 and-9;‘anddfurther the
flame resistance of the molded product lowers'and becomes
uuable to fulfil the-flame_resistance grade V-0 of the
15 UL standards. Further, the'properties of extracts
determined with pulverized molded products show that when
”the-resol—type phenol resin is used afterdpurification,
_ the pH shoms heutrality tO'weak acidity,ielectric conduc-

t1v1ty is low, and the amount of extracted halogen ions

20..1s also low. The adhesive property to 42 alloy is also .[. I

substantially good as comparediwith prior-epoxy resin
molding materials. |
Fig. 1 shows one of the most important features
of the.present invention. It is apparent from Fig. 1
25 that the mo1ded product according to the present invention
gives only an extremely.little influence on the corrosion
of the aluminum electrode and the.connection reliability

of the gold wire-aluminum joint., Such phenomena of



pressure of 70 kg/cm and a nolding tine of 90 sec and 15- then post-cured
at [gry] for 15 hours. The.nolded product. was exam ned for its various
properties. Further, the nolded product?3was ground to pass through a

100- mesh screen, then 50 g of deionized water was added to 5 g of the
resul ting powdecortbeionxour denerinrataddnavf| celjiabdli2g ar20glenersllynd
the resulting water was exanined for pH and electric conductivity and '
anal yzed for iovonsidpuedt tesbex@uactedtheTpéfeesupfsthe thesmalediesom—e
collectively shown in Table 2. The adhesive property in the Table refers to
t he val ue obtai Pe8ibjoBerFPAgcthelt # pbspmanated 0oRpPPYNds pBEPKERTBLEY MM
thick and 5 nmwi de with_each nol ding material (sealed part: 10 nm), and
subj ecting the ipe@i#eRO141Rd dFalkPRyitedf a flame getardapt; Thispgs.

err - : - ple
[ ] 5 .evidenced from the comparison of Example 8 with Example

9. The molding material of the present invention can be
highly flamq resistant withoutuindo:pqration of such a
. flame rétardént and thus exhibits excellent character-

istic properties as described above. -

'._.10 Example 10
. -  Semiconductor devices wefe'sealéd by using
‘each of the molding materials obtained above and the
vafious reliabilities weré-évaluated{_'The semiconductor
deviée uéed had an aluminum wiring oﬁ the'sutface, and a
15 chip 6x8 mm square in size was adhered.to the tab of a
lead frame with silver pasfe, the aluminﬁm:elecﬁrode on’
the chip and the lead frame being connected elecﬁrically
. with gold wire. The p&qgggg was 15%20 mm in size and 2.
N | mm ig-thickness, and the-semfconduétor deviée was sealed
.20 _sd as-toﬂbé_situatéd around the E;nter of thelpackagéL v
- Sealing was conducted with a transfer molding machine.
_.HMolding was carried out under conditions of a mold tem-
peraﬁﬁie of 170°C, molding pressure of 70 kg/cm2 and
molding time of 1.5 minutes. The molded products were
.25 theréafter poSﬁ;cured at 170°C for 15 hours. .Then the
sealed ptoducts-thuélobtained were subjected to a pressure

cooker test (PCP) at 121°C.and 2 atm. to examine the time



1 Further, the follow ng test was nade to reveal the influence-.
of the nolding material of the present ‘invention exerted, when the naterkgL
is used for electronic parts, on thexgorrosion and the connection- Ty
reliability of 5 the alum numelectrode and the gold wire-al um-num B

el ectrodg joj Nty ok SEELSORAYSE Ok ndeKLGRS shaun JJt B orf ch of the.
var.i ous rf}nl‘?i%g&%rtg%cﬁes was pFace t oget ﬁgrﬁévreﬁ'th_ adgrgr%%og?ngn?to whi ch a
gold wire hadeBeenoBOAdEA; himdwikang .aNpAFLRhaVithG 2al1RRET, f%éﬁéﬁé” 10
of 30 mmand a length of 150 nm then the whol e was heated & 4%rr]” and the
change of t{Hereoknibgedt £8NgEANEl i80RdnWhh tempei-awire Ha dihe el Bpsec of
time during the heating was determ ned. The results obtained are shown in
~Fig. 1. 15 to examine #¥heStihkgwhichSedagsadhuahdw rad Rvdldpmiiaes of a
variety of nolding -materials (in the formof nolded products) on the
connecti®n ¢£l debéttiyveatohhgbtienpatatheujeiat blfe gedldd wiiree witdl unmi .num
el ectrode joint in ternms of a relation between the heating tine at [err]
(hours, 20 ahsmifvsmi wsiajngnd Fhethekq/ dhensealedopriodgctis eegteh (g, as -
ordinate). _ . -
allowed to -tand at 65°C and at a relative humidity of

95% for 168 hours and then heated in a'vaéof'reflOW'bath
at 215°C for 150 seconds to'eiahine-the_development of
10 -package cracks. The results of'these-tests are collec- .
'tively shown in Table 3.
‘It.is apparent from Tabiés_z-and 3 that the
respective properties examined of the molded product of
| the present invention aré highly excellent as cémpared-.
_15 'with:tﬁose of the prior érﬁ préducts. o

A,



view of the test apparatus and the

Fig.~2 is a schematic cross-sectional
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unable to fulfil the flame resistance grade V-O of the 15 UL'standards. s>

Further, the properties of extracts deternmined with pul veri zed nol ded o=

products show t hat when the resol -type phenol resin is used after
'purlflcatlon t he pH shows neutrald t3f to weak aC|d|ty, el ectric conduc--
tivity is low, and the anount of extracted hal ogen ions 20 is also | ow
The adhesi've property to 42 alloy is al so substantially good as conpared
with prior epoxy resin nmolding materials. Fig. 1 shows one of the nobst

i mportant features of the present invention. It is apparent fromFig..1 25
t hat the nol ded product according to the present -invention gives only an
"extrenely little influence on the corrosion of the al um num el ectrode and
-the connection reliability of the gold wre-aluninumjoint. Such phenonena
of -~ -23- corrosion or deterioration of reliability are generally

considered to be due to the effect of the thernmal decom position product-"

of a brom nated conpound incorporated into a nolding material as a flane

retardant. This is 5 evidenced fromthe conparlson of Exanple 8 mnth
‘Exanpl e
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9. he nolding material of. the present invention can be highly flane

r eskayant mﬁfhout I ncorporation of such a flane retardant and thus exhibits
excel [ ent’ character- istic properties.agydescribed-above. 10 Exanple 10
Sem conduct or devi ces were seal ed by using .each of the nolding materials

obt ai-ned above ri,ous yeliahjlities re, eval uat.ed., The . .
sem conductgr, 5%%9 gggség ﬁ&dﬁr%f%"rﬁ%l\ﬁ ﬁ\lxﬁg&@ﬁ‘qaﬁg ref)a_cel, and a 15
chip 6x8 nm square in si S A t tabh.of .a Jdead frame wth
silver paste, -the aIunin&%&gﬁégtgggé%gﬁl%hgg%ﬁi%Qgﬁér%ﬁé Ye 3§ %4ne bei ng

connect ed el ecteigakig “bthﬂgobngErB¥O§Q§ chggg%hgq&eﬁggggoqggbq si ze and.

2 mmin thickness, and the seni conduc dévi ce was sea SO as to be

situated aroungdekhg ﬁgapabeaf ihherBpskageonSeahhpleas ae2Rdy HLAd 1WA a
transfer nol ding nmachine. Ml ding was carried out under conditions of a.

mol.d tem 25 peséd wWsetif rbeir £ GnPERSGUFSiA] a0 1 KARRY @ Nen "BIcRbAgr
time of 1.5 mnutes. The nol ded products were 25 thereafter post-cured at

[err] for 15 hofirantifbeyn tipes¢aKEd3p0pdneds bjusoahbabnedherieasubj ect ed
to a pressure cooker test (PCP) at [err] and 2 atm to examine the time
' Industry Cof, Ltd.), of bismuth type (IXE—SOO{ ditto),
-". dr_df thé binary mixture type.of'the two (IXE—600; ditto)
as the ion .changer, spherical fused_éilica having én -
10: averagé particle size of iS um as the filler,.montahic
acid ester wax aéjthe méld-release agent, and cafbdn black
‘as the colo:ing-égenﬁ'respectivély in the mixing fatios_
_shoﬁn in Table 4. The respective_starﬁihg material$ were
kneaded by using two-axle roll Zb'ihches in diameter at
EN

15 a roll surface temperature of about 60°C for abcut 10

minutes.

20

Example 15 (Comparative)
A molding material was prepared by using a m:
: conventiénal unpurified.reéql-tYpe phenol rgsin'(aqueous
o 25 extract after 120 hours of extfaction at 120°C showed |

a pH of 9.5, electric conductivity of 4500 uS/cm and



-24- 1 which el apsed until the devel opnent. of corrosion and defect of =
alumnumw ring. . Further,- the sealed products were allowed to stand-iﬁ&%
- high-tenperature bath at [err] to ex gine the time which el apsed until 'the
- devel opnent 5 of defective connectT at the joint of gold wire with- -
alum numwi ring. - Further, the sealed products were allowed_to tand -at .
[err] andl aexarackati €& hom gonjrest PLKH0 FRIIhARS AGRPEHE Heat B in a
vapor reflow bath at [err] for 150 seconds to exam nethe devel opnent of 10
package craceBpouniéngesalti® shofhedd (Tehl€ &-e collec- tively shown in
Table 3. It is apparent- frogm Tables 2 and 3 that, the respective properties
exam ned of the nol ded NREAGEY OF HRSHS &&hf Tafend o‘ﬁ‘%rsea’w? ghly

excel lentag compa ed. 15, WL Y198 Pl.Be Bd Yorind UL Es 25

-
’

5 of Examples 11 't_o' 15 described above. . The results of the .

tes'ts._ar'e collectively shown in Table 4..



- 26’\ [err] - 27- 1 Exanples 11 to 13 and Exanple 14 (Conparative)
Nblqkpg matefials were prepared by using, relative to 80 parts by wei ght of
t hephenol'ic resol resin prepared in Rreparation Exanple 1 described above 5
used as the resin conponent, an epoxy resin, an inorganic ion exchanger of
antimony type (I XE-300, nfd. by Toagosei Chenical | ndustry Co., Ltd.), of
bi smuth type (1 XE-500, . dltto) or of the binary mixture type of the two

(1 XE&- 600, dltto) ap 1he ijon chharjgelr, | sphdrijca Lgsed sflica hav ng an 10
average partip sl ze qf {15 [ erq] jas| t he}fill ljer ntani g acijd |e  \ax as
the nold rel egs gtage1t, gnd[ car hor] Dl apkfaq tjhe[.col qrijng| agent re =ctibe|y-
In the m xing| & DS skown n| Tablie 4.| Tha rlespe¢tijvg st aftiing tprijabs
wer e kneaded pY |us| ng tmn-arl foljl 20| i hched i hotli At efinflo|19 fa 'ollg
surface t-errper,?:itureI )L a}tgry'ag( U 2PQVL Oﬁgr'gjgg,o'_;q:m el ©
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20 Exanple 15 (Conparative) A nolding nateri al was prepared by using a , -
conventional unpurified resol-type phenol resin (aqueous 25 extract angL
120 hours of extraction at [err] shoyed a pH of 9.5, electric .conductivity -
of 4500 [err] and = - 28 - 1 extracted d ion content of 1540 ppm and
~according to the conpounding ratio shown.in Table 4. Avariety of tests .
were made in the sane manner as in Tables 1 to 3 with the nmolding nmaterials
5 of Exanples 11 ta 15 described above. The results of the tests are

collectively shown in Table 4 .. - 29- [err]
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[errT™ 4. -31- 1 As described above, the resin conposition of

t he \present invention provides useful el ectronic ‘parts for which an
excell ent” heat resist- ance, flame resistance and electric properties and a
low 5 ionic-impurity content are required. Further, the plastic nDIded

type senicopductor devicg 0f3.the iRk sg@)to\;er}ve__ﬂtel %g %t I I er)caﬁlq |°[

propertles as. noi sture resistance re |ab Y, connec iYon re

the gold wire thglgg@ggg&]qhggntng s J&s) St ance of a package mhlch
has been sol der-nmounted in a hun1d|f| §t fus, the present invention

can provide highlyelgkit2bhecsparean¢uet %1@ﬁvhﬁe§xcell%%t%a¥5 resistd
plastlc nol ded el ectroni'c device, wherein
. ance, flame resistance and electrlc properties and a low
e-s ~ionic 1mpur1ty content are requlred. |
Further, the plastic molded type semlconductor
dev1ce of the present 1nvent10n is excellent ln such
' propertles ds moisture re51stance rellablllty, connectlon
rellablllty of the gold wire - alumlnum JOlnt, and crack |
.id re51stence.of a package which has been solder—mounted in

a humidified state. Thus, the prevent invention can

prov1de hlghly rellable semlconductor dev1ces.



the device is sealed or transfer-nolded with a phenolic resin nolding

c0ﬁm03|t|on conprising a resin conponent 5 consisting of a phenol-i'c resok_;

” I “muﬁlllate controlling agent in a weight ratio of from75:25 to -
resin nol ding conposition having a purity such:that it

glves mhen ground and extracted by heatlng with 10 times the anount of. hot
water at 120C 10. for 100 hours or nore, an extract having an electric
conductivity of 100 [err] or less, a pHof 4-7 and a hal ogen .ion content of.
10 ppmor |ess (calcul ated as content in3he nol di ng conposition). 2.

A device according to claim1 mhereln the 15 cure-rate controlling agent

is at |east oqézggggy_re5|n . A devi ce accordlng to claim1 or
claim2 wherein the noldin onposi tjion_ further conprises 55 to 80% by
vol uire of an |Horgan|c1ﬁl iﬁsFﬁﬁeﬂQ%ﬂ§Q(ﬁlqﬁ$€R? ctQﬁ?ﬁchﬂYFﬁF%ﬁnthe

conposition. 4. deV|ce rd| to claim erei.n t o ani c

filler is at |é~'§’ﬁ %Ye“iﬁ I8, &8P germaRded (WEER' 3 kb %a,
oo B %&ﬁ%ﬂf%%?%nf&%siﬁn@ ) v SR -
;_seniconducgor consieting of_e phenolic resol resin and a cure-rate '
| controllingiegent in a weight ratio.of from 75:25 to
95:5, ;he phenolic resin molding composition heving a
_pﬁrity such that it gives, when ground.ahd ektracted by N \/
heating with 10 times the amount of hot water at 120°C |
10 for 100 hours or more, an extract having an electric B
conducfiyity of 100 pS/cm or less, a pH of 4;7.and'a '
halogen icn coﬁtent of 10 ppm or less (calculated as.
content in the molding compoeition).
2. " A device eccordihg to claim 1 wherein the
15' ' cure-rate controlling agenf is at least one epoxy
‘resin. o
3.. A device according to cleim 1 or claim 2 .=~ S
wherein the molding compositicn fcrther_comprises Ssxtc. ~
80% byﬁvclume of an inorganic filler relative to the
20 total volume of thé composition. |
4. - A device according to claim 3 whereinithe
inorganic filler ie_at'least one of fused silica,
'crfstelline silica, and alﬁmina,_ahd has'an average
| particle diameter of 1-30um. |

25 5. _ A device according to any one of claims 1 to 4

whereln said electronic device is a semlconductor



33,d§VIC€ and |ncludes an alun1nun1electrode and a gold wire {0 saj

al yungnum el ectrode. 6. - A devi ce according to any one of ,Hmlﬂﬁﬂ, I,H ,I ",
. whé¥ei n-t he phenolic resin nol ding conposition is free 5. LN

- flame-retarding agent. 7. A plastic nol ded electronlc devi ce -

according to claima1, substantlally as any her ei n descrlbed in the

Exanpl es. ,

S *

device and includes an aluminum electrode and.a gold
'wire j01ned to said aluminum electrode.
| 6. A deyice according to any one of claims 1 to 5
wherein the'phenolic resin molding-composition is free
5_ngrom a flame-retarding agent. |
7.;' - A plastic molded electronic device according
to claim.lﬁ.substantially'as any herein described in

_the'Ekamples.




