METHOD FOR PRODUCI NG EPOXY RESI N COVPCSI TI ON FOR SEM CONDUCTOR
ENCAPSULATI ON AND EPOXY RESI N COVPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON
AND SEM CONDUCTOR DEVI CE OBTAI NED THEREBY 5 FI ELD OF THE | NVENTI ON Thi s
invention relates to a nethod for producing an epoxy resin conposition for
sem conduct or encapsul ation, which is excellent in noldability and
reliability and to an 10 epoxy resin conposi tion for sem conduct or

encapsul ation and _a semni conduct or devi ce_obt ai ned t hereb BACKGROUND OF
THE | NVENTI ON ’%ﬁQBnFPBnSFP?UCFPSn§PQE‘Sr REGEN E@MPQE&TFF% FPRe

sem conductor el enents are nmanufactured as sem conductor 15 devices by
encapsul AEFHFWRIATAR FHIARIUTATHA AJUL EROXY RESLN ({PHRPEHHIGN rEQR n
conpositions, fromthe viewpoi nt of rotecting them fromthe external
envi r onment ﬁﬁHIGQEBVFﬁ@R Eﬁﬁ&?ﬁﬁ&ﬁgﬁ NhaNB| ERMACONDUGTRARAREYEERY resin
conposition is obtained, for exanple, by m xing and kneadi ng an epoxy 20
resin, a phenol resin, a hardeQPE3INEBeTHEBEBYE, and ot her conponents such
as a silane coupling agent and the like, wusing a mxing roller, a m xing
pot, @& kneader or the like. 1In order to inprove dispersibility and
wettability of respective conponents, a production nmethod is enployed in 25
whi ch certain parts of the ETBPDNOEt THEr ENYENTEONed in 1 advance and then
the remai ning parts of the conmponents are

This invention relates to a method for producing an

epoxy resin composition for semiconductor encapsulation,
which is excellent in moldability and reliability and to an

10 epoxy resin composition for semiconductor encapsulation and
a semiconductor device obtained thereby.

BACKGROUND OF THE INVENTION

Conventionally, transistor, IC, LSI and the like
semiconductor elements are manufactured as semiconductor
15 devices by encapsulating them with plastic packages, e.q.,
using an epoxy resin compositions, from the viewpoint of
protecting them from the external environment and enabling
handling of the elements. Such an epoxy resin composition
is obtained, for example, by mixing and kneading an epoxy
20 resin, a phenol resin, a hardening accelerator, and other
components such as a silane coupling agent and the like,
using a mixing rollex, a mixing pot, a kneader or the like.
In order to improve dispersibility and wettability of
raspactive components, a production methed is employed in

25 which certain parts of the components are pre-mixed in




mxed with the resulting mxture. As an exanple of such a production nethod,
It has been proposed to prepare and use an epoxy resin hardener by 5

m xi ng a novol ak-type phenol resin hardener with tetraphenyl phosphoni um

t etraphenyl borate under heating (cf. Reference 1) . The epoxy resin
conposition obtained by the above production nethod exerts an effect that
the epoxy resin conposition has good storage stability and the cured 10
product has excellent npisture resistance. On the other hand, a nethod has
been prop¥deanee apgdlj then phet remazpingeppstsi off @heacpnwﬁﬁbnﬁésﬁweconponent
Is melt-m xed with an epoxy silane coupling agent and an am ne hardening
accel er atmixed i thebhehkresudthngt makkodel5 with the remai ni ng conponents
(cf. Reference 2). Reference 1: JP-B-56-45491 Reference 2: JP-B-7-35432
SUWARY COF THE A\\ENTxhnpDe Hofiesech é&hpregociionsmatbodpositt hess obt ai ned
by these production nethods have probl ens such as generation of voids,
because \ibéew ipreopospdneat prepaséi agdonseganeepbikyg resinhhazyenen dly the
time of prelimnary mxing are also remained in the finally obtained epoxy
resi n525 mindwgi & novébaksepgpeopHenbhr rescaphukrdenet, warh it was 2 difficult
to obtain a cured product which does not cause such a problem The

i nvent i ontéesaphenylpHospliohfliihngest@phenylborate under heating (cf.

Reference 1). The epoxy resin composition obtained by the

above production method exerts an effect that the epoxy

resin composition has good storage stability and the cured
10 product has excellent moisture resistance.

On the other hand, a method has been proposed in
which a part or entire portion of a phencl resin component
is melt-mixed with an epoxy silane coupling agent and an
amine hardening accelerator, and then this is melt-mixed

15 with the remaining components {cf. Reference 2).

Reference 1l: JP-B-56-45491

Reference 2: JP-B-7-35432

SUMMARY OF THE INVENTION

20 However, the epoxy resin compositions obtained by
these production methods have problems such as generation
of voids, because volatile components existing or
generating in the system at the time of preliminary mixing
are also remained in the finally obtained epoxy resin

25 composition for semiconductor encapsulation, and it was



circunstances i nto consi derati on,

and an object thereof is 5 to provide a
nmet hod for produci ng an epoxy resin conposition for sem conduct or

encapsul ati on, which does not cause void generation and the like and is

excel | ent

in reliability, and to provide an epoxy resin conposition

for

sem conduct or encapsul ati on and a sem conductor device 10 obtai ned thereby.

| n order

to achi eve the above object, the present invention provides:

met hod for producing an epoxy resin conposition for sem conductor
encapsul adidfioiitc ta obtEirs & henddd fmmtddwd B gwisDER 0Aeas Snb ) cheséC) :

an epoxy

resin, (B) a phenol resin, and (C) a hardeni ng accel erator,

(1) a

(A)

whi ¢

conpri ses smch g pidfobldmol e or a part of the 20 conponents excluding the

conponent

(A) anong the conponents containing the conponents (A) to

(O

advance under aTheednees tions hase bdfer muAel B33LAAHRP ARikPa and under a
heating condition of from 100 to 230'C, and then m xi ng the conponent (A)

and renmui

for producing an epoxy resin
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I oned conmponent (C) is a'tetra-su
composition for semiconductor encapsulation, which does not

cause void generation and the like and is excellent in
reliability, and to provide an epoxy resin composition for
semiconductor encapsulation and a semiconductor device
obtained thereby.

In order to achieve the above object, the present
invention provides:

(1) a method for producing an epoxy resin composition
for semiconductor encapsulation, which contains the
following components (A) to (C):

(A) an epoxy resin,
(B) a phenol resin, and
(C) a hardening accelerator,

which comprises mixing the whole or a part of the
components excluding the component (A) among the components
containing the components (A) to (C) in advance under a
reduced pressure of from 1.333 to 66.65 kPa and under a
heating condition of from 100 to 230°C, and then mixing the

component (A) and remaining components with the resulting

mixture;

thod

conposition for sem conductor encapsulation

h

in



5 phosphoniumtetra-substituted borate; (3) an epoxy resin conposition for
sem conduct or encapsul ati on which is obtainable by the nethod for
produci ng an epoxy resin conposition for sem conductor encapsul ation
according to (1) or (2) above; and 10 (4) a sem conductor device conprising
a sem conductor elenment and the epoxy resin conposition for sem conductor
encapsul ati on according to (3) above which seals the sem conductor el enent.
That is, the present inventors have conducted 15 extensive studies with the
ai m of obt ai ni n§2antbpomgthed fFoxc papduictingn anhieploxgarkeddnd r ol vari ous
probl ens such as generation of voids that are formed in making a

sem conductmpoddtioa i gemieotunatore intayiletiidndiskdinn & used as
an encapsul ating materi al having excellent 20 noldability. Thus, studies

were conti(hjiedboive) ehet@ingthe HadRaiitg facuelidia s \@ntémgal exani nation
on the conponents thenselves to nmeans for solution. As a result, it was

found thahforphentliohed kompdremt QY ik Usadtia-BubW ANy 2 har deni ng
accelerator and a silane coupling 25 agent, as a conponent of an epoxy resin

cCoOnpos t i BRosphenidfdieded -@ubistd tivdd bdratdr m a so-called volatile 4
conponent as a reaction product, and this becomes the factor of the

aforenenti oned pgp b&ﬁnép3§yaréﬁiﬂlEoﬂ&os&@ﬁbﬁeko§t%@h@%&ﬁ@ﬁﬂ%&y]th'S fact,

it was found that, when the entire portion or a part of conponents excludlng
the encapsulation which is obtainable by the method for

producing an epoxy resin composition for semiconductor
encapsulation according to (1) or (2) above; and

10 (4) a semiconductor device comprising a semiconductor
element and the epoxy resin composition for semiconductor
encapsulation according to (3) above which seals the
semiconductor element.

That is, the present inventors have conducted

15 extensive studies with the aim of obtaining an epoxy resin
composition which can control various problems such as
generation of voids that arxe formed in making a
semiconductor device using the epoxy resin composition and
can be used as an encapsulating material having excellent

20 moldability. Thus, studies were continued with changing a
viewpoint from the conventional examination on the
components themselves to means for solution. As a result,
it was found that a phenol resin conventionally used as a
hardener, a hardening accelerator and a silane coupling

25 agent, as a component of an epoxy resin composition, are

degraded during mixing to form a so-called volatile



5 epoxy resin are prelinmnary mxed under the reduced- pressure and heating
conditions within specified ranges in preparing an epoxy resin conposition,
and then the epoxy resin conposition is prepared via a step of mxing the
af orenenti oned epoxy resin and remai ni ng conponents with 10 the resulting
m xture, the aforenentioned volatile conponents are renoved under these
conditions and, as a result, the aforenentioned sem conductor device having
high reliability can be obtained based on the inhibition of the defects
duri ng noke¢mpgneTituas tthegaasion prodrtt orambstibs dseoomes stied. BRI EF
DESCRI PTI ON OF THE DRAW NGS By way of exanple and to nake the description
more cl efrctoef eferthe iaf omernti driwl qgasbipany | Ag & Adsw@d t »F 20 whi ch:
Fig. 1 is a plane view show ng a package used for the neasurenent of netal

wire flowfquaheirt s tuidisss dasea dictthis daGtCe iFivas 2Edoind GEEBihén
Il lustration showing the nethod 25 for neasuring netal wre fI ow quantity

of a seni chedeatire godtion DrDRIALRAD JEKRFT N e ddFud MENRON As

descri bed above, an epoxy resin conposition for sem conductor encapsul ation
is progiucegoky reeipy aFRNpreliMierohiRedElddE NHd | Yedidaddw the entire

portion or a part of the conponents excluding an epoxy resin (conponent
pressure and heating conditions within specified ranges in
preparing an epoxy resin composition, and then the epoxy
resin composition is prepared via a step of mixing the
aforementioned epoxy resin and remaining components with

10 the resulting mixture, the aforementioned volatile

components are removed under these conditions and, as a
result, the aforementioned semiconductor device having high
reliability can be obtained based on the inhibition of the

defects during molding. Thus, the present invention was

15 accomplished.

BRIEF DESCRIPTION OF THE DRAWINGS

By way of example and to make the descéription more

clear, reference is made to the accompanying drawing in
20 which:

Fig. 1 is a plane view showing a package used for the
measurement of metal wire flow quantity of a semiconductor
device.

Fig. 2 is a schematic illustration showing the method

25 for measuring metal wire flow quantity of a semiconductor

device.



(A)) under the reduced-pressure and heating conditions wthin specified
ranges, and then m xing the aforenentioned epoxy resin (conponent (A)) and
remai ni ng conponents with 10 this m xture. Accordingly, the volatile
conponents are renoved fromthe resulting epoxy resin conposition for

sem conductor encapsul ation at the time of the prelimnary m xing under the
af orenenti oned conditions. When this conposition is used as a resin
conposition for 15 encapsul ation, a sem conductor device having high
reliability is obtained in which generation of voids and the |like are
control |l ed during package nolding. In addition, when a tetra-substituted
phosphoni um tetr a- s PERATLED PESORIRLION (OR CHS INVENREONENI ng 20

accel erator, hardenability and reliability of nolded products are further

i nproved. The eBsxsiesesihedoaposel,i an Epobxye resdmdteinpos idricapBAdmt | on of
the present invention is obtained using an epoxy resin (conponent A), a
phenol resemicoadpetent efcapstldtidrhdrd grcthaet aertiopiasamponent C) and
is generally in a powder formor a tablet shape made of the sanme. 6 The

af or erient iaredtepaxpy’ priel ifENMAIGNmiAind tHY edtitd PoAtion dhi4 ed and
vari ous epoxy resins can be used. For exanple, a phenol novol ak type epoxy
resin, a paetobf BhEOakponea P @REIREING ah @W»ﬂegﬁpewﬁ@%é@@i n, as
tri phenyl met hane type epoxy resin and the |ike may be used. he epoxy resin

may be usqi)}l ande®’ the FoRIHPPre¥dude and heating conditions

within specified ranges, and then mixing the aforementioned
epoxy resin (component (A)) and remaining components with

10 this mixture. Accordingly, the volatile components are
removed from the resulting epoxy resin composition for
semiconductor encapsulation at the time of the preliminary
mixing under the aforementioned conditions. When this
composition is used as a resin composition for

15 encapsulation, a semiconductor device having high
reliability is obtained in which generation of voids and
the like are controlled during package molding.

In addition, when a tetra-substituted phosphonium
tetra-substituted borate is used as the hardening

20 accelerator, hardenability and reliability of molded
products are further improved.

The epoxy resin composition for semiconductor
encapsulation of the present invention is obtained using an
epoxy resin (component A), a phenol resin (component B) and

25 a hardening accelerator (component C) and is generally in a

powder form or a tablet shape made of the same,

6



two or nore. Anong these epoxy resins, it is preferable to use a

bi phenyl -type epoxy resin or a | ow noisture absorption-type epoxy resin in
whi ch one or nore lower 10 al kyl group (s) are added to the phenyl ring. As
such epoxy resins, those having an epoxy equivalent of from 150 to 250 and
a softening point of f ram50 to 130*C are preferable. The phenol resin
(conmponent B) to be used together wth the aforenenti oned epoxy resin
(conponent A) functions 15 as a hardener of the aforenentioned epoxy resin
(component A) The afonemepidphed eploxyl ineisiad. (cerpaeas iAiclimaqthenol

novol ak, cresol novol ak, a bi phenyl -type novol ak, a triphenyl nethane-type,
napht hol pavtligklaxliyhddoiitadaland vamsius apbitherdsies ddre phemsedr esi n may
be used alone or 20 as a conbination of two or nore. Anong them it is

pr ef er abl Fotroeusmpd eG 0 @p gineshoia niovep laky Hygpesr e atdsisuch cessal phenol
aral kyl resin. Wth respect to the ratio of the aforenenti oned epoxy resin

( conponenho&plakd typenepoxys izesimneoephdlyl ityps eptixypradeimpl£ to mx
themin such a ratio that hydroxyl group equivalent in the phenol resin

becones f ketiplehylMetn@né affhey Apidys Meayinl LD Ghg)INike athy \1é aided N t he
epoxy resin. It is preferably from0.8 to 1.2 equival ents. The hardeni ng

accel er at The( epoReNeRisin) mag bR wsRd dlegR! ke ad td ddwbaloersenésoned epoxy
resin (conponent A) 5 and the phenol resin (conponent B) is not
particul aewp biNinbed W Aich§etReE! 8pokPakreisindGCeheriat pyelfias-aaaritieon
use a biphenyl-type epoxy resin or a low moisture
absorption-type epoxy resin in which one or more lower
10 alkyl group(s) are added to the phenyl ring. As such epoxy
resins, those having an epoxy equivalent of from 150 to 250
and a softening point of from 50 to 130°C are preferable.
The phenol resin (component B) to be used together
with the aforementioned epoxy resin (component A) functions
15 as a hardener of the aforementioned epoxy resin (component
A) and is not particularly limited. Examples include
phenocl novolak, cresol noveolak, a biphenyl-type novolak, a
triphenylmethane-type, naphthol novolak, a phenol aralkyl
resin and the like. The phenol resin may be used alone or
20 as a combination of two or more. Among them, it is
preferable to use a compound having low hygroscopicity such
as a phenol aralkyl resin.
With respect to the ratio of the aforementioned epoxy
resin (component A) and phenol resin (component B), it is
25 preferable to mix them in such a ratic that hydroxyl group

equivalent in the phenol resin becomes from 0.5 teo 2.0

7



of epoxy group with hydroxyl group. Conventionally known conpounds, such as

tri phenyl phosphine and the like tertiary phosphorus conpounds,

t et raphenyl phosphoni um 10 tetraphenyl borate, (to be referred to as "TPP-K"

herei nafter), tetraphenyl phosphoni umtetrakis(4- nethyl phenyl)borate (to be

referred to as "TPP-MK" hereinafter) and the |ike quaternary phosphoni um

conpounds, 1, 8-di azabicycl o(5, 4, 0)undecane-7 and the |like 15

di azabi cycl oal kene conpounds, triethyl enediam ne and the Ilike tertiary

ani nes an89RiFalrptsPeR; | EPHXY FHOUR &Tuivalkent| ey the eepe®yl which can be

used alone or as a mxture of two or note. Anong them TPP-K and the |ike

phosphoni gfedal-t Rbr d8nprgfacabler frems 0ale tor éf-gr gaivadeat® fromthe

vi ewpoi nt of hardenability and reliability of the product. It is preferable

to set the ratiBhef handenahgr aperileradserhdicompongnic 63| dicattsy Yssshpound C)

to a range of from1l to 20 parts by weight (to be referred to as 25

"' part (s) togetbemamtidh) thes efcnemtdd izaved epfoxyheresifror Grmmpomeret Zhenol

resin (conponent B) It is nore 8 preferably from2 to 10 parts. The i ntended

har derh ngande&bei pheaiolt hresinor(evmptaneErdd Byposy nadsipaxtciooglanely A) with

t he phenol resin (conponent B) may not progress when the ratio is |ess than

1 part, addmiledr eddth dher girovimpy Thadcdntr damkleasdtedcthe trexcebsts 20 parts

thus showing a tendency in that the reaction progresses during the epoxy
of epoxy group with hydroxyl group. Conventionally known

compounds, such as triphenylphosphine and the like tertiary
phosphorus compounds, tetraphenylphosphonium

10 tetraphenylborate (to be referred to as “TPP-K”
hereinafter), tetraphenylphosphonium tetrakis (4-
methylphenyl)borate (to be referred to as “TPP-MK”
hereinafter) and the like quaternary phosphonium compounds,
1,8-diazabicyclo(5,4,0)undecane-7 and the like

15 diazabicycloalkene compounds, triethylenediamine and the
like tertiary amines and 2-methylimidazole and the like
imidazoles, are used which can be used alcne or as a
mixture of two or more. BAmong them, TPP-K and the like
phosphonium salt hardening accelerators are preferably used

20 from the viewpoint of hardenability and reliability of the
product.

It is preferable to set the ratio of the
aforementioned hardening accelerator (compound C) to a
range of from 1 to 20 parts by weight (to be referred to as

25 “part(s)” hereinafter) based on 100 parts of the

aforementioned phencol resin (component B). It is more

8



resin conmposition production process or the storage stability as an
encapsul ating material nmay becone poor. In general, a silane coupling agent
is used as an 10 optional conponent together with the aforenentioned
conponents A to C. As the silane coupling agent, various coupling agents
can be used without particular limtation, and an agent having two or nore
al koxy groups is preferably wused. The illustrative exanpl es thereof include
0-(3,4 15 epoxyggclohexyl)ethyltrinethoxysilane, y- _
gl yci doxyPrefgrablrefrenydi tand? parksr.cafhepinpehdednbakdepingane, y- (2-
am noet hyl ) am nopropyl tri met hoxysi | ane, y- nercaptopropyl di net hoxysil ane, vy
20 ani | i nopaepyrrr PRethexpfokramentionsdeeppiy sidsimncanpbndnt A) ke. The
silane coupling agent may be used alone or as a mxture of two or nore. It
i s preferabtk thesphenhd zesant (chmplaesit] &emagyomolti proggesds twhem r ange of
fromO0.1 to 2% by wei ght based 25 on the entire epoxy resin conposition. It
is nore pthéerabiyp fisoide8s3thanll5pat ,wanghtthelrenetiom rat@ossiyi | ity of
causing a problem of reducing strength of the cured product when the anount
is | e$s thacoiel%obyfaski ghen atdekkeees 20aphaatdethynsofshoatidigia a probl em
of reducing nodulus of elasticity of the cured product when 5 the anount
exceeds 2tehgeneyghh. thatadHet reactdon pabgakisGels duings tdRneipddy used as

resin composition production process or the storage

stability as an encapsulating material may become poor.

In general, a silane coupling agent is used as an

10 optional component together with the aforementioned
components A to C. As the silane coupling agent, various
coupling agents can be used without particular limitation,
and an agent having two or more alkoxy groups is preferably
used. The illustrative examples thereof include [-(3,4-

15 epoxycyclohexyl)ethyltrimethoxysilane, y-
glycidoxypropyltrimethoxysilane, y-
mercaptopropyltrimethoxysilane, y-(2-
aminoethyl) aminopropyltrimethoxysilane, y-
mercaptopropyldimethoxysilane, y-

20 anilinopropyltrimethoxysilane, hexamethyldisilazane and the
like. The silane coupling agent may be used alone or as a
mixture of two or more.

It is preferable to set the amount of the silane
coupling agent to a range of from 0.1 to 2% by weight based

25 on the entire epoxy resin composition. It is more

preferably from 0.3 to 1.5% by weight. There is a

9



a conponent together with the aforenentioned conponents A to C As the |

af orenenti oned inorganic filler, various conventionally known fillers may
be used without particular 10 limtation. For exanple, nolten silica powder,
crystalline silica powder and the like silica powders, alum na powder and
the like are used. These inorganic fillers can be used in any of the
pul veri zed, spherical, grinding treated and the |ike shapes. Particularly,
it is preferable to use a 15 spherical nolten silica powder. The inorganic
filler maposgabidddvalodhcansing & muahlen off ixedugingretrevgoh ¢f is
preferable to use the inorganic filler having an average particle size of
wi t hi n t h&heasyaest phosinay: mhet) the famount Hes Viespothan thatste fluidity
can be inproved. Regarding 20 the neasurenent of the average particle size,
it is proedghtlecand mbene ds ta heraddragerofliddusioig on pratblemiof) particle
'size distribution analyzer. It is preferably to set the anmpbunt of the
af or enent redae ingo mpainlnsf idfi erlastiditya ofange dufedpBdudd wive®2% by
wei ght, particularly desirably from87 to 92% by wei ght, based on the epoxy
resin ronthe amountllexcedds 2% byt eradieyicty. i n t hat anount of water absorption
of the package after nolding may increase and reliability after the
packagi ng is relincaddikepnt hanainavtiganiic Fd lilear danigendddlllsr dsed &% t han
80% by weight. Also, there is a 5 tendency that the viscosity becones high
and t he f lauicdmppnehiteteigethdicadtls Hiadrafgieiinegr tifit WondrSady e yveg ght .
tc C. As the aforementioned inorganic filler, wvarious
conventionally known fillers may be used without particular
10 limitation. For example, molten silica powder, crystalline
silica powder and the like silica powders, alumina powder
and the like are used. These inorganic fillers can be used
in any of the pulverized, spherical, grinding treated and
the like shapes. Particularly, it is preferable to use a
15 spherical molten silica powder. The inorganic filler may
be used alone or as a mixture of two or more. Also, it is
preferable to use the inorganic filler having an average
particle size of within the range of from 5 to 40 um, from
the viewpoint that the fluidity can be improved. Regarding
20 the measurement of the average particle size, it is
preferable to measure it by a laser diffraction scattering
particle size distribution analyzer.
It is preferably to set the amount of the
aforementioned inorganic filler within a range of from 80

25 to 92% by weight, particularly desirably from 87 to 92% by

weight, based on the epoxy resin composition. There is a

10



In this connection, according to the epoxy resin conposition for

sem conduct or encapsul ati on of the present invention, other additives such
as a flame retarder, a 10 flanme retardancy assisting agent, a nold rel ease
agent, carbon black or the like pignent or colorant, a stress reducing
agent, a tackifier and the Iike can optionally be m xed as occasion
demands, in addition to the aforenentioned conponents Ato C. 15 As the
aforementioned flane retarder, a novol ak-type bromn nated epoxy resin and
the |ike E8RIBRCExdRpLthateamoynt ofi metieromp soxipddiaie oftlithe ipmrkagrent oxi de
or the like is wused as the flane retardancy assisting agent. These may be
used al ondfspramodding: may dhcreaser amcr eeld@bid ittye afftorendnt i oned nol d

rel ease agent, a higher fatty acid, a higher fatty acid ester, a higher
fatty aci Backagéhgnisakredaged: wheln thec amoummtd ot thebe reeyguliid i ed and, for
exanpl e, carnauba wax and pol yet hyl ene waxes may be used. These are used

al one or fislienm xsulesef thao 80%nbyeweidhtAl snlsexarheea 9k the

af orenenti oned stress reducing agent include a nethyl

acryl & e- behddnepetbayr ¢the ¥iscopdltyrbecomesehliyyh and the fluidity

met hacryl at e- but adi ene-styrene copolyner and the |ike butadi ene system
rubbers ahbezeferki becemesnpeovdwhen dddiehdcerdsa APwdbyt aleGight .conpound,

bi snuth hydroxide or the Iike ion trapping agent may be 5 mxed for the
purpose of inpriwitigisetonbéttiyni NadcofBiAGUES LRSI 8haRgerealinability test.
composition for semiconductor encapsulation of the present
invention, other additives such as a flame retarder, a

flame retardancy assisting agent, a mold release agent,

carbon black or the like pigment or colorant, a stress

reducing agent, a tackifier and the like can optionally be

mixed as occasion demands, in addition to the

aforementioned components A to C.

As the aforementioned flame retarder, a novolak-type
brominated epoxy resin and the like can be exemplified, and
diantimony trioxide, diantimony pentoxide or the like is
used as the flame retardancy assisting agent. These may be
used alone or as a mixture of two or more.

As the aforementioned mold release agent, a higher
fatty acid, a higher fatty acid ester, a higher fatty acid
calcium salt and the like compounds can be exemplified and,
for example, carnauba wax and polyethylene waxes may be
used. These are used alone or as a mixture of two or more.

Also, examples of the aforementioned stress reducing

agent include a methyl acrylate-butadiene-styrene

11




The epoxy resin conposition for sem conductor encapsul ation of the present

I nvention can be produced, for exanple, in the follow ng manner. Firstly,
the entire 10 portion or a part of the conponents excluding the epoxy resin
(conponent A) are mixed in advance in a mxing pot wth heating under

at nospheric pressure, and then a prelimnary mxture is prepared by

thoroughly pre-m xing themunder a reduced pressure condition.

Next, the

epoxy 15 resin (conponent A) and the remaining conponents are mxed wth
thi s prel FRPRANRER x Bume thiydo metdiigriakerhntadienedtgrene the |i ke under
at nospheric pressure and then, simlar to the above, nelt-kneaded using a
m xi ng r oFPEPlymermanidnFheotlike wntafbens sywtdn laubbéterandaing this to
20 room tenperature, the epoxy resin conposition for sem conductor
encapsul asiddcone compoyadedIni additdphnes aohydsdad ciftepdompiomidlg by

enpl oying a conventionally known neans and making it into tablets as
occasi on basmndd. hyideonxiidenprapier dtike tieorbe-napasliforagdret Amwflns ement i oned
prelimnary m xi ng under a reduced pressure condition is not particularly
limted waiketdh&opr dohies pupatsel 2 timpercorimigciredl jxddi gy ppeca Wit h a pressure
reduci ng nechanism and a vacuum m xi ng pot or the like is used. Regarding
t he af or emeasitored resdistachaer esdurabilddmyditdstn for the prelimnary m xing,
it is necessary to 5 set it within the range of from1.333 to 66.65 kPa,

particul arly preherapbxyf resid tompodsiPionl forbsend conductor

encapsulatiocn of the present invention can be produced, for

example, in the following manner. Firstly, the entire

10 portion or a part of the components excluding the epoxy

resin (component A) are mixed in advance in a mixing pet

with heating under atmospheric pressure, and then a

preliminary mixture is prepared by thoroughly pre-mixing

them under a reduced pressure condition. Next, the epoxy

15 resin (component A) and the remaining components are mixed

with this preliminary mixture, thoroughly mixed using a

mixer or the like under atmospheric pressure and then,

similar to the above, melt-kneaded using a mixing roller, a

mixing pot, a kneader or the like. After cooling this to

20 room temperature, the epoxy resin composition for

semiconductor encapsulation can be produced via a series of

steps of pulverizing by employing a conventionally known

means and making it into tablets as occasion demands.

The mixing apparatus to be used for the

25 aforementioned preliminary mixing under a reduced pressure

condition is not particularly limited with the proviso that

12



difficult to renove the volatile conponents under an atnosphere of
exceedi ng 66.65 kPa. When it is a reduced pressure condition of |ess than
1.333 kPa, it may be 10 difficult to ensure nass productivity fromthe
facility point of view, and necessary conponents nay be evaporated,

t hereby exerting a bad influence upon the resin characteristics. As the
heating tenperature condition at the tine of 15 the prelimnary m xi ng
under the aforenentioned reduced pressure condition, it is necessary to set
it withinithés famieciig (Pow dpoippe@30ith avpeepseter sblycingm 130 to
200' C, for the purpose of efficiently-evaporating the volatile conponent.
It may beD@chEndiam, tand e facnuminixingOpstiori theofik8ei §ogpaaent s and
renoval of the volatile conponent when it is |ess than 1000C, and when it
exceeds 2300C, Regexdlimgy tihe afumirernidngdssddiddd prfsd@aet i on and
degradati on of the conponents. In addition, the period of time for the
prel i ni naopndif-iminifioge Uttt rpse Xiawlica, i Ee5ng £ :D@nﬂét:ix@@eé&i‘?t td3
particularly limted, and it is carried out generally wthin The range of

from 39 misedt é¢ i thiroutse rEglos erow! BI33® €9 PONEHtxbL, be renoved by
the aforenentioned prelimnary m xing under a reduced pressure 5 condition

i's not papairdilcallarly piefbrably ifroneXANEd €50 1108d Ude @RS conpounds
whi ch are considered to be degradation and reaction products of the phenol
conpound difficult to remove the volatile components under an
atmosphere of exceeding 66.65 kPa. When it is a reduced
pressure condition of less than 1.333 kPa, it may be
10 difficult to ensure mass productivity from the facility
point of view, and necessary components may be evaporated,
thereby exerting a bad influence upon the resin
characteristics.
As the heating temperature condition at the time of
15 the preliminary mixing under the aforementioned reduced
Pressure condition, it is necessary to set it within the
range of from 100 to 230°C, more preferably from 130 to
200°C, for the purpose of efficiently evaporating the
volatile component. It may be difficult to perform uniform
20 stirring of the components and removal of the volatile
component when it is less than 100°C, and when it exceeds
230°C, there may be a problem of possibility of reaction
and degradation of the components.
In addition, the period of time for the preliminary

25 mixing under a reduced pressure condition is not

13



(conponent B) and hardeni ng accel erator (conponent C) and al cohols and the
| i ke which are considered to be 10 degradation products of the silane

coupling agent as the optional conponent. \Wen the epoxy resin conposition
in which such volatile conponents are renmained is used as an encapsul ating
material, it becomes a factor of generating a problem such as generation of
voi ds during production of a 15 sem conductor device. Encapsul ation of a
sem conductor el ement using the epoxy resin conposition for. sem conductor
encapsul aPashirylagdy 5amﬂ|%edharmyl AithiltSe FagiFd- P WBe genaradd but by t he
conventional Iy known nnlding met hod such as a usual 20 transfer nolding and
the |ike. whthin Ehanpregeand Exepasd miaudtespiced dourgescri bed bel ow.
Exanple 1 25 Using a vacuum m xi ng pot, 56 parts of phenol novolak resin
(hydroxyl groupTkeaghathat volatidef t:enpngep@i o be ¥re@pved bar ttheof

t et raphenyl phosphoni um tetraphenyl borate and 0.6 part of an epoxy silane
coupl i ng afeneméntighed pomlimdparyr mistingk ypeidesme) rsstused peresgure/0C for 1
hour under atnospheric pressure, and then m xed under the 5 sane tenperature
condi t5 oncéndigfoni nst estupdetiguladilyed impiesuend did @xampdfe?0 kPa.
Thereafter, a prelimnary mxture was prepared by returning the atnosphere
to at nospheludeparematdcandnpdangs ¥hidhamkErse efonceademsh twhe

degradation and reaction products of the phenol compound
(component B) and hardening accelerator (component C) and
alcohols and the like which are considered to be
10 degradation products of the silane coupling agent as the
optional component. When the epoxy resin composition in
which such volatile components are remained is used as an i
encapsulating material, it becomes a factor of generating a |
problem such as generation of voids during production of a
15 semiconductor device.
Encapsulation of a semiconducteor element using the
epoxy resin composition for semiconductor encapsulation is
not particularly limited and can be carried out by the’
conventionally known molding method such as a usual
20 transfer molding and the like.

Next, Examples and Comparative examples are described

below.

Example 1
25 Using a vacuum mixing pot, 56 parts of phencl novolak

resin (hydroxyl group equivalent 110, softening point

14



Subsequently, total amount of the aforenentioned 10 prelimnary m xture,
100 parts of a biphenyl type epoxy resin (epoxy equivalent 195, nelting
point 107C), 1,200 parts of nolten silica powder (average particle size 30
m, 18 parts of diantinony trioxide, 6 parts of carbon black and 3 part of
an epoxy silane coupling agent (3 15 nercaptopropyltrinethoxysilane) were
kneaded at 100C for 2 mnutes and then cool ed and pul veri zed, thereby
preparing__the epoxy resin conposition for sem conductor encapsul ation of

i nt erest. 720CExadpprasts o Seixarbemydrkosphoniamitedraphenylbaxatesctive

epoxy resin conpositions for sem conductor encapsul ation were prepared in
t he same ABANO: Gapant ofampleporyeickane eauPlingragent nlyr especti ve
prelim nar m xtures, the reduced pressure condition, tenperature 25
condi t i ongayeigeeypnopylddigiethoys ichner overrmmyoced @t HE70%etfcgoiidi t i ons
showi ng the following Table | and Table 2. 15 Table 1 Exam | es 12345678
Pr el i m nahpusr xnderc erghcspives ike guostsyrees sancée derdinisosd under the
204013. 313. 3601. 42020 a Tenperature condition C170170150200190170100230
Reducesd Psemeutemperiadaiieb@dntlitikh Fh5@G minutes under a reduced
pressure condition of 20 kPa. Thereafter, a preliminary
mixture was prepared by returning the atmosphere to
atmospheric pressure and adding 2.5 parts of carnauba wax.
Subsequently, total amount of the aforementioned
10 preliminary mixture, 100 parts of a biphenyl type epoxy
resin (epoxy equivalent 195, melting point 107°C), 1,200
parts of melten silica powder (average particle size 30
pm) , 18 parts of diantimony trioxide, 6 parts of carbon
black and 3 part of an epoxy silane coupling agent (3-
15 mercaptepropyltrimethoxysilane) were kneaded at 100°C for 2
minutes and then cooled and pulverized, thereby preparing

the epoxy resin composition for semiconductor encapsulation

of interest. : |

20 Examples 2 to 8 and Comparative examples 1 and 2
Respective epoxy resin compositions for semiconductor
encapsulation were prepared in the same manner as in
Example 1 except that, in preparing respective preliminary
mixtures, the reduced pressure condition, temperature
25 condition and pressure reducing period were changed to the

set conditions showing the following Table 1 and Table 2.

15



5 Table 2 Conparative Exanples 12 relimnary m xi ng conditi ons Reduced
pressure condition (kPa)8020 Tenperature condition Cl9090 Reduced Pressure
periodll Using the powdery epoxy resin conpositions thus 10 obtained in the
Exanpl es and Conparative Exanpl es, sem conductor devices were produced in
the followng manner. That is, each of the aforenmenti oned powdery epoxy
resin conpositions was nmade into tablets, and a sem conductor device was
produced by nold-form ng an 15 sem conductor el ement through a transfer

nmol ding (nolding condition: after hardening at 175C x 90 seconds + 175C x

5 hours) using an automatic nol di ng Tekdle e (CPS-40L) manufactured by TOM.
This sem conductor device a 114 pin four-way flat package (LQFP-144, size:
20 mMm x 20 mm X 20 thi cCkKNess L. 4 npy. Using the Ee”i (,]gnu'uut or devictes 16
obtained in this manner, nmetal w rep—+pw-and—the=AlBE? of void genération
were neasiured and evaluated__Metallwlre 2] ow3 Thedl F51146(?i26:4§Q_nn1X 20
mm X t hi ckireldminhryimimihg céndifisrisnged| wi th a petal {wire{(w e dijanmeter 23 pm

wire |engl dg'g)pé/ggﬁ.e d 1 n[the|afofenenjionefd mapner| At
gﬁ”) réBireROASHGS 20 | 40 | 133|133 |60 | 1.4 20 | 20

Temperature condition (°C) 170 | 170 1 150 | 200 | 190 | 170 | 100 | 230
Reduced Pressure period (hr) 05105 1 0.5 1 [05]05]0.5

5
Table 2
Comparative Examples
1 2
Preliminary mixing conditions
Reduced pressure condition (kPa) 80 20
Temperature condition (°C) 190 90
Reduced Pressure period (hr) 1 1

Using the powdery epoxy resin compositions thus

10 obtained in the Examples and Comparative Examples,
semiconductor devices were produced in the following
manner. That is, each of the aforementioned powdery epoxy
resin compositions was made into tablets, and a
semiconductor device was produced by mold-forming an

15 semiconductor element through a transfer molding (meolding
condition: after hardening at 175°C x 90 seconds + 175°C x
5 hours) using an automatic molding machine (CPS-40L)
manufactured by TOWA. This semiconductor device a 114 pin
four-way flat package (LQFP-144, size: 20 mm x 20 mm x

20 thickness 1.4 mm). Using the semiconductor devices

16




the time

2 was stringed on the package franme of

of preparing the aforenenti oned sem conductor device, a netal

Wre

LQFP having a die pad 1 as shown in

Fig. 1, and a 10 sem conductor device (package) was prepared using this as
described in the foregoing. In Fig. 1, 3is a semconductor chip and 4 is a
Using the thus prepared package, netal wire flow quantity was

| ead pin.
nmeasur ed
guantity

by a soft X-ray analyzer. Regarding the neasurenent, flow 15

of the metal wire 2 fromthe front direction was neasured as shown

in Fig. 2°Bfaippdcipnghisymgeaer meted wimenflgw end rida cuutbemakiige.

Thereafter, nmetal wire flow rate [(d/L) x 100] was cal cul ated by defining a

val ue coVpiédpgnruergtient HersamensnIes

@aingh eylaldated .ow quantity 20 of the

netal wire 2 as the value of netal wire flow (dmr of the package. In this
connect i oMetalrwpresfAew:a distance (m) between the nmetal wire 2. Also, a
which the aforenmentioned netal wire flowrate was 6% or nore was

expressed as XXThantQEPcidé deikess20ham &928smB0x thitkeessniled aim)voi d
generation: The packages (LQFP-144) prepared in the above were observed
usi ng % hestoing#dr withnal pedalt wiceunwire ddasfeted 23npmi,n wdirRret er or nore,
and the nunber of packages in 5 which voids were generated was shown.
t hi s caseledgthpéchm)evasepeodueear de fthe aforenienti®onedmanmemndat

case in

Conpar at i

10

15

20

ve Exanples. 10
the time of preparing the aforementioned semiconductor

device, a metal wire 2 was stringed on the package frame of
LOFP having a die pad 1 as shown in Fig. 1, and a
semiconductor device (package) was prepared using this as
described in the foregoing. In Fig. 1, 3 is a
semiconductor chip and 4 is a lead pin. Using the thus
prepared package, metal wire flow quantity was measured by
a soft X-ray analyzer. Regarding the measurement, flow
quantity of the metal wire 2 from the front direction was
measured as shown in Fig. 2 by selecting and measuring 10
metal wires from each package. Thereafter, metal wire flow
rate [(d/L) x 100] was calculated by defining a value’
corresponding to the maximum portion of the flow quantity
of the metal wire 2 as the value of metal wire flow (dmm)
of the package. In this connection, L represents a
distance (mm) between the metal wire 2. Alsc, a case in
which the aforementioned metal wire flow rate was 6% or

more was expressed as XX, and a case of less than 6% as 00.

17
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Tabl e 3 Exanpl es 12345678 Metal wire 0000000000000000 fl ow The nunber of

voi d00001020 generation Table 4 Conparative Exanples 12 Metal wire fl owXXXX
The nunber of void 107 generation 15 Based on the above results, the
products of Exanples prepared using the epoxy resin conpositions, obtained
by prelimnary m xing the conponents excluding the epoxy resin under the
af orenenti oned specified ranges of reduced- pressure and heating conditions
and then mixing this 18 prelimnary mxture with the remai ni ng conponents,
gener at edTh8 DERReToPL ¥ojdh gemanatins(ds and showed a good result
regarding the netal wire flow. On the contrary, the product of Conparative
Exanmpl e 1 obt ai ie® BarkadeRe (bRE¥y144) prepared in the above were

observed using the soft X-ray analyzer to count voids of
0.2 mm in diameter or more, and the number of packages in
5 which voids were generated was shown. In this case, 10

packages were prepared for each of the Examples and

Comparative Examples.

Table 3
10
Examples !
1 2 3 4 5 6 7 8
Metal wire
00 | 00 OO0 | OO | OO | OO | OO | OO
flow -
The number
of void ojoj|jo|o|1]|0]|2]|0O0
generation
Table 4
Comparative
Examples
1 2
Metal wire flow XX XX
The number of wvoid
. 10 7
generation
15 Based on the above results, the products of Examples

prepared using the epoxy resin compositions, obtained by
preliminary mixing the components excluding the epoxy resin
under the aforementioned specified ranges of reduced-

pressure and heating conditions and then mixing this

18




5 resin conposition, prepared under a reduced pressure condition of
exceedi ng 66.65 kPa at the tine of prelimnary mxing, generated

mal function regarding the netal wire flow and was poor in reliability
because generation of voids was confirmed. Also, simlar to the

af orenenti oned product of 10 Conparative Exanple 1, the product of

Conpar ative Exanple 2 obtained using the epoxy resin conposition, prepared
under a heating tenperature coqut on of less than 100C at the tine of
prelim naPﬁemgﬁarYaf“%H e Mt FETRAINS SOFRMSFRhe netal wire
flow and was poor in reliability 15 because generation, of voi ds was

confi rnedgemrﬁéeflheol NedAs 6F RRd¥h@edifdds vdds andbishawed,#y gra%

reference to specific enbodinments thereof, it will be apparent to_one
skilled | RegHttaregargdingathe medadnyise £I@WdPni Ehei 6REtEARYhe thade
therein wthout departing 20 fromthe scope thereof. This application is
based on pupdnetcofafemparativiec Xesagpleo 1 ZHORIipEEh 1Bing dheDaRIDEr 4,
2004, the entire contents thereof being hereby incorporated by reference.
25 19 S\HATesEnCEpMEBitdon) . pAepariesd unslen) @ desdunpd PRERPULS esi n
conposi tion for sem conductor encapsul ation, which contains the 5 follow ng
conponent sopdj tion( 6f: exEapdingeHxp5r &Flan at the time of preliminary
mixing, generated malfunction regarding the metal wire flow
and was poor in reliability because generation of voids was
confirmed. Alsco, similar to the aforementioned product of
10 Comparative Example 1, the product of Comparative Example 2
obtained using the epoxy resin composition, prepared undexr
a heating temperature condition of less than 100°C at the
time of preliminary mixing, also generated malfunction
regarding the metal wire flow and was poor in reliability
15 because generation of voids was confirmed.
While the invention has been described in detail
and with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without departing
20 from the scope thereof.
This application is based on Japanese patent
application No. 2003-406213 filed December 4, 2004, the
entire contents thereof being hereby incorporated by

reference.

25
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(B) a phenol resin, and (C) a hardening accel erator, which conprises m xi ng |

the whole or a part of the 10 conponents excl udi ng the conponent (A) anong

t he conponents containing the conponents (A to (C in advance under a

reduced pressure of from1.333 to 66.65 kPa and under a heating condition

of from 100 to 2300C, and then m xing the conponent (A) and renaining

conponents with the resulting 15 mxture. 2. The nethod for producing an

epoxy resj CQ i_tion fQQ sem conduct or encapsul ation according to claim

1, wherei k! ' el erator as the 20 af orenenti oned conponent (C) ‘

Is a tetra-substituted phosphoniumtetra-substituted borate. 3. An epoxy
resin conposition for sem conductor encapsul ation which is obtainable by

t he nethod for 25 producing an epoxy resin conposition for sem conductor
encapsul ati on adcordiRgthedcfarnProdpging AR epexy resin compositien for

sem conduct or encapsul ati on which is obtainable by the nethod for

produci ngf8e% SFPLFINENGEQR ARFARS WA Hin sethidherntrinentbesul ati on
according to.claim2. 5 5. A sem conductor device conprising a sem conductor
el ememt af@ldweiagogpmpesiantsontddsi®e offX¥or sem conductor encapsul ation

according to claim3 which seals the
(A) an epoxy resin,

{B) a phenol resin, and
{C} a hardening accelerator,
which comprises mixing the whole or a part of the

10 components excluding the component (A) among the components
containing the components (A) to (C) in advance under a
reduced pressure of from 1.333 to 66.65 kPa and under a
heating condition of from 100 to 230°C, and then mixing the
component (A) and remaining components with the resulting

15 mixture.

2. The method for producing an epoxy resin
composition for semiconductor encapsulation according to
claim 1, wherein the hardening accelerator as the

20 aforementioned component () is a tetra-substituted

phosphonium tetra-substituted borate.

3. An epoxy resin composition for semiconductor
encapsulation which is obtainable by the method for
25 producing an epoxy resin composition for semiconductor

encapsulation according to claim 1.

20



sem conductor element. 10 6. A semi conductor device conprising a
sem conductor elenment and the epoxy resin conposition for sem conductor
encapsul ati on according to claim4 which seals the sem conductor el enent.

15 21

10

15

4. An epoxy resin composition for semiconductor
encapsulation which is obtainable by the method for
producing an epoxy resin composition for semiconductor

encapsulation according to claim 2.

5. A semiconductor device comprising a semiconductor
element and the epoxy resin composition for semiconductor
encapsulation according to claim 3 which seals the

semiconductor element.

6. A semiconductor device comprising a semiconductor
element and the epoxy resin composition for semiconductor
encapsulation according to claim 4 which seals the

semiconductor element.
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