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RESIN COMPOSITION FOR SEMICONDUCTOR ENCAPSOLATJ:ON, 

SEMICONDUCTOR DEVICE COMPRISING THE SAME AND PROCESS 

FO!t TBE PRODUCTJ:ON 01' SEMICONDOCTOR DEVICE USING ~BB SAME 

Fl:ELD OF :rq :myENT.ION 

The present ·invention re1at.es to an epoxy resin-based 

com.position fo::c semiconducto::c encapsulation whl.ob exhibits a 

low viscosity at a temperature as re1ati ve1y J.cw as BO ° C or 1ower 

and .is exeellent particular1y in discha.rgeabili.ty and 

10 coata:biJ..ity as weJ.l. as storage st:abi.1ity, a semiconductor 

dev:ice prepared by using the epoxy ::cesin-based composition and 

a process for the production of the semiconductor device. 

MCKGROJJND OF THE INVENTION 

In o:cde:r to encapsuJ.ate semi.conductors at TAP (!t'ape 

15 Automated Bonding) process I co:a (Chip On Boa::cd) process' etc. I 

a liquid encapsu1at.ing medium .has heretofore been used. Such 

a li.quidencapsu1ati:ngmedi.um.i.s used at room temperature (25°C). 

By means of a d:ispense::c o::c through printing process, 

semiconductor elements are encapsulated with such a resinous 

2 0 medium to produce· semiconductor devices. As such a 1iquid 

encapsul.a ti.ng medium the:re has been genera11y known an epoxy 

25 

resin com.position comprising a 1iquid epoxy resi.n, an acid 

anhydride-based 1iqu.i.d curing agent, an ordinary cu:r.ing 

accele::cator and a si1ica powder. 

The foregoing 1iqtiid encapsul.ating medium comprises an 

acid anhydride-based curing agent as a cu:ring agent and thus 

can be easily liquefied and fairly discharged and appl.~ed. 

However, the foregoing liquid encapsulating medium is 
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clisadvanta.geous in that it exhibits a high hydroscopicity under 

high humidity conditions and thus shows a deteriorated 

~el.iabi.lity in humidity resistance. F\trther, the foregoing 

liquid encapsu1ating medium norma11y stays liquid and thus 

5 exhibits a poor storage stabil.i ty. Accordingly, the foregoing 

liquid encapsulating medi.um shows a drastic :rise in viscosity 

or l.iabl.e to sedi.men.tatio~ of silica powder during' storage at 

room temperature and thus needs to be frozen to solid or 

otherwise stored in a special manner. 

10 Sll.lff\BY OJ' DE ;cmzENT:Cotq 

It is therefore an ~ject of the present invention to 

provide a resin composition for semiconductor encapsu1aticn 

which has a l.ong pot life and is excell.ent not only in storage 

stability but in dischargeabil.ity and coatabil.ity, a 

15 semiconductor device encapsulated with the :resin composition 

£or semiconductor encapsu1ation and a process for the 

production cf the semiconductor device. 

20 

1.l'he foregoing object of the invention will become 

apparent from the following deta;led descxiption and exampl.es . 

~he foregoing object of the invent~on is accompl.ished 

with the fi:r:st essence cf the invention which lies in a resin 

composition for sem.iccnductor encapsu1ation comprising the 

fo11ow.:i.ng components (A) to (D), having a viscosity as measured 

at 25 ° C of 700 Pa· s or higher or being solid at 25 ° C and having 

25 a viscosity as measured at S0°C of 500 Pa·s or lower: 

(A) an epoxy resin; 

(B) an acid anhydride-based curing agenti 

(C) a latent curing accelerator; and 
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(D) an ino.rgani.c fi11er. 

The second essence of the invention 1i.es in a 

semi.conductor d.evi.ce comprising a semiconductor element 

provi.ded. on a wiriJ:i.9' circuit board with a plu:rali.ty of 

5 connecting electrode portions interposed therebetween, the gap 

between the wiring c:ircui t board and the semiconductor element 

being sealed with an_enc:apsulating resin layer, wherein the 

encapsulatinq resin layer is formed by the foregoing resin 

composition for semiconductor encapsulation. 

10 The third essence 0£ the invention lies in a process for 

the prod.ucti.on of a semiconductor device comprising a 

semiconducto::r element provided on a wiring circuit board with 

a p1ura1i ty of connect.ing electrode portions interposed 

therebetween, the gap between the wiring circui. t board and the 

15 semi.conduct.or element be:i.ng sealed with an encapsulating :resin 

layer, which comprises filling the gap between the wiring 

c.ircu:i. t board and the semiconductor elem.en t w:i. th the foregoing 

.resin composi.ti.on for semiconductor encapsulation, and then 

curing the resin compositi.on to fo~ the encapsulating resin 

20 1ayer. 

The f ou.rth essence of the invention lies in a 

semiconductor device comprising a semi.conductor e1ement 

provided on a wiring circuit board, the wiring circuit board 

and the semiconductor element being e1ectrically connected to 

25 each other, the semiconducto:r element being encapsulated by an 

encapsulating :resin layer in such an ar~angement that the 

semiconductor e1ement is incorporated therein, wherein the 

encapsulating resin layer is formed by the foreqoing resin 
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composition fer seadeonductor encapsu1ation. 

The fifth essence of the invention lies in a process for 

the production of a semi.conductor device comprising a 

semiconductor e1emen t provided on a w.i:r:ing ci.rcui. t board, the 

5 wiring ci.rcui t board and the semi.conductor e1ement being 

elect.J:.ically connected to ea.ch other, the semiconductor element 

being encapsulated by an encapsulating resin layer i.n such an 

arrangement that the semiconductor e1ement is incorporated 

thex-ein, which com.prises p1acing a semiconductor e1ement on the 

l O wirinq circuit board, elecuica1ly connecting the wiring 

circuit board and the se#liconductor element to each other, 

supp1ying the foregoing resin composition for semiconductor 

encapsu1ation onto the wiring circuit board on the 

semiconductor e1ement side thereof, and then curinq the resin 

15 composition for semiconductor encapsu1ation to fo:cm the 

encapsulating resin layer. 

'!he sixth essence of the inventi.on lies in a semiconductor 

product com.prising a semiconductor device having a resin 

encapsulation layer ~o:i::med with a pl.u.ral~ty of connecting 

2 0 e1ectrode portions interposed the:rel>etween, the semiconduc:tor 

device being provided on a mounting board with the wiring 

c::i.roui t board of the semiconductor device being opposed to the · 

mounting board and the qap between the mounting board and the 

semiconductor device being sealed with an encapsulating resin 

25 J.aye::r:, wherein the encapsulating .resin la:yer is formed by the 

foregoing resin composition for semiconductor encapsulation. 

The seventh essence of the invention J.ies in a process 

for the production of a semiconducto:r device, which comprises 
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a step of forming.a resin 1aye:r made of i:he foregoing resin 

composition for semiconductor encapsulation on the protruding 

electrode po:rti.on side of a semiconductor wafer having a 

p1urali.ty of semiconductor elements wi.th protruding e1ectrode 

5 porti.ons f oi:med thereon to a predetermined. th.:Lckness 1n such 

an ax:rangem.ent that at least the foJ::Ward end of the protruding 

el.ectrode PC?rti.ons i.s exposed to the exterior of the resin layer, 

and a step of cutting the semiconductor wafer having a resin 

1ayer fo:r:med thereon to individual seiniconductor elements. 

10 !l'he eighth essence of the :invent.ion 1ies in a process for 

the production of a semi.conductox dev:ice, whi.ch comprises a step 

of supp1ying the resin composition for semiconductor 

encapsulati~n onto the whole of a plurality of semiconductor 

elements provided on a matrix wiring circuit board having 

15 individua1 circuits formed thereon to fo::cm a resin layer with 

the sem.iconductor elements being inco:rporated there.in, and a 

step of cutting the matrix w:iring ci:rcui t board having a :resi.n 

1ayer fo:cmed thereon with the semiconductor elements being 

inco.i::porated the~e:ln together with the resi.n 1ayer to every 

20 semiconductor element. 

The n~nth essence of the invention lies in a process for 

the production of a semiconductor device 1 which comprises a step 

of foz:m..ing a resin 1ayer made of the foregoing res.in composition 

for semiconductor encapsulation on the protruding e1ectrode 

25 portion side of a semiconductor wafer having a plurality of 

semiconductor e1ements with protruding elect:rode portions 

f o::rmed thereon to a predetermined thickness, a step of C'tltting 

the semiconductor wafer having a res.in 1ayer fo.nned thereon to 
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inclividual semiconductor e1ements, and a step of· contact­

bonding a wiring oircui t board and the sem:i.condu.cto%' e1ement 

thus cut under heating wi.th the :resin I.ayer side of the 

semiconductor e1emen.t and the wiring ci:rcu:i. t hoa:cd being 

5 opposed to each othe:c so that the two components are 

electrically connected to each other and the resin layer is 

m.e1ted. and cu:ced to fo.%JD. an encapsulating res.in 1ayer bet~en 

the semiconductor e1emen t and the wiring circu:i. t board, thereby 

encapsu1ating the semi.conductor element. 

10 The tenth essence of the invention 1ies in a process fer 

the production of a semiconductor device, which com.prises a step 

of apply.i.ng the foregoing resin composition for semiconductor 

encapsulation to a matrix - wiring circuit board having 

incli vi dual c:i.rcui ts formed thereon to f oJ:m. a resin 1ayer thereon, 

15 a step of cutting the wiring circui't board having a re;ein layer 

formed thereon to i.ndi vi.dual wiring circuit boards, and a step 

of contact-bending semiconductor e1em.ents each having a 

pl.ural.i. ty of connecting e1ectrode portions provided thereon and 

the wir.:i.ng ci~cui t boards thus cut with the connecting e1ectrode 

20 po:rtion side of the semiconductor e1ements and the wiring 

circuit boards.being opposed to each other so that the two 

components are e1ectrica11y connected to each other and the 

resin 1aye:r is mel. ted a:n.d cured to for.m an encapsulating :resin 

1ayer between the semiconductor e1ements and the wi.ri.nq circuit 

25 boa~ds, thereby encapsulating the semiconductor e1ell\ents. 

"?he inventors made extensive studies of an encapsulating 

material which' has a long pot life and is excellent not only 

in storage stability but in discharqeab.il.i ty and coatabili ty. 
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As a resu1 t, it was found th.at the desired. object of the invention 

can be accomplished by the 11se of a resin c:omposi tion comp::rising 

an epoxy resin, an acid anhydri.de-based cu.r:i.ng agent, a latent 

eu:r:ing accelerator and an .inorganic fil.le:c and havi.ng a 

5 predeteJ:mined state and viscosity at each of temperatures of 

25°C and 80° c. Thus, the present inventi.on has been worked out. 

:In pa.:cticu1a~, use of a po1yfunctional. epoxy :ces:Ln as the -- . 

epoxy resin is advantageous in that the composition gives a 

cured resin having an elevated glass t:rans:i. tion tempe:catu:ce (T9') 

10 and enhanced heat resistance. 

A :resin compos:L tion for semiconductor encapsulation 

comprising as the latent curing acce1erator a microc::apsu1e type 

C'l1%'ing accelerator having a core-shell st:ucture .in which a c.o:re 

portion made of the curing accelerator is covered.by a speoific 

15 shel.1 portion is advantageous i.n that it exhibits an extremely 

pro1onged pot lif'e and thus is pa:rticular1y excellent in storage 

s'tabi.lity . . 
i"llrther, a resin composi tio:n for semi.conductor 

encapsu~ation comprising as the inorganic f i11er a spherical. 

20 fused silica powder incorporated therein i.n a specif.ic 

pJ:oport:ion is advantageous in that it exhibits an excellent 

25 

f1uidi ty and thus is part:icul.arly exce11ent in d:i.schargeabi.J.i ty 

and coatahi1ity. 

DETAII.JID DESCRIPT:ION OF THE IbNEEJ:I:ON 

l!:mbodim.ents of implication of the present invention will 

be desC%ibed hereinafter i.n detai1. 

The resin c::ompo.si ti on for semiconductor encapsulation 0£ 

the invention c0ntprises an epoxy resin (component A), an acid 
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anhydride-based curing agent (component B), a latent curing 

accelerator (component C) and an inorganic filler (component 

D) and exhibits a specific state and viscosity at each 

temperature of 25°C and 80°C. 

5 The foregoing epoxy resin (component A) is. not 

specifically limi. ted. Various epoxy resius can be used. 

Examples of the sol.id epoxy :resin emp1oyab1e h~rein include 

po1yfunctiona1 so1id epoX!' resin, cxysta11ine epoxy resin, 

bifunctional so1id epoxy resin, triglycidyl isocyanurate, 

10 bisphenoJ. I' type epoxy resi.n, and bisphenol A t"l'Pe epoxy resin. 

These solid epoxy resins may be U$ed singly or :in combination 

of two or mo.re thereof. ~e term "polyfu.nctiona1 solid epoxy 

resin" as used herein is meant to indicate a solid epoxy .z::esi.n 

having- three o:r more epoxy groups per :m.olecu1e . Examples of 

15 the po1y:functiona1 solid epoxy :resin employab1e herein j.:nelude 

tetrafunctional naphthalene type epoxy resin, 

triphe:nylmethane type epoxy resin, dicyclopentadiene type 

epoxy resin, 'l'eebm.ore VG3101L (produced by MI~SUI CHEMICAL 

COi:tPORA'l'rON) , and orthoeresol :n~vo1ak i::ype epoxy :resi.n • 'l'he 

20 term "c:cystalJ.ine epoxy resin" as used be:rei.n is meant to 

i:nc:lieate a solid epoxy resin which shows many eeystalline peaks 

when subjected to X-ray cliffractometry, phys~cally shows a 

shazp mel t:in9 point and exhibits a d%asti.call.y l.owered. 

vi.scosi ty during melting because the.re is little or no 

25 intel:lD.o1ecu1ar mutual interaction. Examples of· the 

c:rysta11ine epoxy resi:n employable he:ein include bisphenol 

type epoxy .resin, biphenyl type epoxy resin, and. stilbene type 

epoxy resin. When those having a melting point of 90 ° C or higher 

- 8 -



5 

among these eeysta1line epoxy resi.ns are used, two or more of 

these czysta1line epoxy resins are preferably use~ for the 

reason that the resul.i;;ing fluidity at a tempe.rature cf B0°C or 

lower is improved. 

Among the foregoing epoxy resins (component A),· the 

crystalline epoxy resin may be, e.g., ~e GK-4137 epoxy resin 

(commerci.al.ly available from. NIPPON S'l'EEL C~RP.) , ~e GK-5079 

(commerciall.y available from NZPPON STEEL CORP.), and~ 

YDC-1312 (commercial.ly available from Tohto Kasei Corp.). 

l 0 Type GK-4137 epoxy · resi.n is represented by the £o1low:ing 

15 

20 

chemical foxm.u1a (2). Type GK-5079 epoxy- :cesi.n is :rep:cesented 

by i:he fol.l.owi.ng chemical foJ:mula (3). ~e YDC-1312 epoxy 

resin is represented by the fol.J.owing chemi.ea1 formula (4) . 

y-Cll-ce.-o-@-o-@-(}-01,~ai., (2) 

(3) 

This Sheet Has Been Replaced 

1.1m111:11u11,1111.111.1111. 
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(4) 

5 

Among the foregoing C%Ysta11ine epoxy :resins, i:he 

bipheny1 type epoxy resin is represented by the f o11owing 

10 genera1 fo:cmu1a (5) : 

15 

Ra Ra 

CH1-CB-CH1-0~0-aI2·CB-CHt 
\/ ~ \/ 

0 R. ~ O (5) 

wherein~ to~ may be t:he same o~ diffe:rent and each represent 

a hydroqen atom or c1_5 al~y1 g.roup. 

E.xamp1es of the C1_5 a1kyl group repre!!ented by~ to :R6 

20 i.n the fo:cegoi.ng general. foJ:mUl.a (5) include straight-cha.in or 

branched lowe:c alkyl group such as methyl group, ethyl group, 

n-propy1 group, isopropy1 g-:roup / n-but.y1 ·group, isobuty1 group, 

sec-buty1 group and tert-buty1 g-x:oup. k 3 to ~ may be the same 

o:c different. 

25 As the foregoing biphenyl type epoxy resin the:r:e can. be 

used a mi.xture of a biphenyl type epoxy resin having a structure 

represented by the fo11owing genera1 formula (6) wherein a11 

R3 to Ro a:ce methyl group and a bi.phenyl. type epoxy :resin having 

This Sheet Has Been Replaced - 10 -

· 11111111111111 If II Ill IHI 



5 

10 

15 

a structure ·rep::r:esentedby the following.general. formul.a (7) 

wherein all Rs to R6 are hydrogen atom in almost the same amount:: 

(6) 

(7) 

rbe foregoing epoxy resin to be used as. component A 

preferably has an epoxy equivalent of from 140 to 270 g/eq and 

a softeni.ng poi.nt .of from 50°C to 100°C o::r: a melt.:i.ng po.:i.nt of 

frOJa 40°C to l50°C, pari:icular_ly an epoxy eqW.va1ent of frOJn 

20 150 to 220 g/eq and a softening- point of from 60°C to 80°C OJ:' 

a melt.:i.ng point of from 60°C to 130°C. 

The acid anhydride...:.based curing agent (component B) to 

be used in combination with the component A is not speci.fically 

limited so far as it acts as a curing agent fo::r: the epoxy :re.sin 

25 (co:mponent A). Various aei.d anhydrides can he used. An acid 

anhydride may be used in co:mbi.nati.on w.:i.th any of various 

phenolic resins, amines, phthalic ac.:i.ds, and the like so far 

as the use 0£ such an optional curing ingredient does not defeat 
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the desired object of the invention. Ezam.p1es of the acid 

anhyd%i.d.e-based curing agent (component B) include 

hexahydrophtha.l:ic anhydride, m.ethylhexahydrophtha1ic 

anhydride, tetrahydrophtha1.ic anhyd%ide, phtha1ic a.nhydr.?,.de, 

5 and trimelli tic anhydride. 1'h.ese acid anhydr.ides may be used 

sing1y or in combination of two or more thereof. 

The ac:id anhydride t~ be used as the component :S 

preferably has an equi.va1.en.t of from 100 to 200, and is more 

preferab1y one which has an equivalent cf from 150 to 180 and 

10 .is 1iquid at ordinaJ:Y temperature. 

'l'he epoxy resin (component A) and the acid anhydride­

.based ~:ring agent °(component B) are mixed together in such a 

proportion. that the amount of the curing agent is preferab1y 

from 0 . 6 to 1 . 4 eq11i. valents, mox-e preferably from 0 . 7 to l. l 

15 equivalent, to the epoxy resin. 

A preferred combination of the epoxy resin (component A) 

and the ae.id anhydride-based curing agent (component B) 

comprises, fo:r example, a bispheno1 F type epoxy res.in 

[particul.ar1y trade name YD!'-81 70 (p~od.ucedby 'l'ohto Kasei Co. , 

20 Ltd.)] and methylhexahycb:ophthalic anhycb:ide £•ethylated HBPA 

(e.g., Rikaci.d MH-700, produced by Shin Nihon Rika K.K.)] from 

the standpoints of curability, heat :resistance, and 

flowabil.ity. 

When incorporated together with the components A and B 

2 S in the resin com.position for semiconductor encapsulation, the 

£oregoi.ng latent curing accelerator (component C) acts to cause 

the resin composition to show a viscosity increase of 10 times 

or less after 72 hours of aging in a 50°C atmosphere (viscosity 

- 12 ·-
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measured at 80°C). An examp1e of the latent curing acce1erator 

is a microcapsule type curing acc:elerato% having a core-shell 

structure in wJU.ch a core poJ:ticn made of one or more selecte~ 

f~om var.ious curing accele:at:ors is covered by a shel.l portion 

5 comprising as a main component a polymer having a structural 

unit represented by the following genera.1 fo%Z11Ula (1) wheJ:ein 

the :reactive amino group p:cesent .in the shell. portion is b1ocked. 

The resin composition for semi.conductor encapsuiation 

comprising such a m.icrocapsule type curing accelerator 

10 incorporated therein exhibits extremely prolonged pot l.ife and 

thus is exc::ellentpa:rt:i.cularly in storage stabill.ty. Even when 

the use cf an ordinary curing accelerator in a small amount 

causes the resin composition to show a viscosity increase of 

10 times OJ:' less, noxmally 1 to 3 times, the curl.:ng accelerator 

15 is regarded as a 1atent C'1ri.ng accelerator. 

fl ? ~a 
-N-8-N - (l.) 

20 

wherein R:i. and Ra, wh.:i..ch may be the same or cliff erent, each 

represents a hydrogen atom or a monovalent orqanic group. 

The curing accelerator to be encapsu1ated as a core 

25 portion in the foregoing microcapsule type curing acce1erato.r 

i.s not speci.fi.call.y 1imited so £a:r: as i.t acts to accelerate 

curing reaction. Known curing aece1erato.rs can be used. Those 

which stay liquid at room temperature are suitable £rom the 
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standpoint of workability in mic:roencapsulation or the 

cha:r:acteristios of the resulting moorocapsul.es. The term 

"liquid at room. temperature" as used herein is meant to indicate 

that the curing accelerator stays 1iquid at room temperature 

5 (25°C) itself o:r the curing accelerator stays sol.id at room 

·temperature but can be liquefied by disso1ving o:r dispersing 

i.n an arbitrary organic solvent. 

Examp1es of the curing accelerator to be encapsulated 

incl.ude amine-based curing accelerator, imidazole-based 

10 cu:cing accelerator, phosphorus-based cur;ing acce1erato:r; and 

phospho~s-boron-based curing accelerator. Specific examp1es 

o~ these curing accel.erat:ors i.ncl.ude i.m.idazo1e cierivati.ves such 

as 2-methylimidazole, 2-ethylimidazol.e, 2-ethy1-4-

methy1.imidazo1e, 2-isopropy1im.:i.dazole, 2-dodecy1imi.dazo1e, 

15 2-undecyl.inddazole,2-heptadecylimi.dazo1e, 2-phenyli.mida%ole, 

l-benzyl-2-methylimidazole, l-benzyl-2-phenyli.midazole, and 

1-cyanoethy1-2-methy1imidazole, alkyl-substi.~utedguanidines 

such as ethy1guan.idine, trmethy1gua.nidine, pheny1guani.ne and 

cliphenylguanidine, 3-substi.tuted pheny1-1,1-dimethy1ureas 

20 such as 3-(3,4-dichloropheny1)-1,1-dimethylux:ea, 3-phenyl-. 

1,1-dimethy1urea and 3-(4-ch1oropheny1)-1,1-dixnethylurea, 

3-phenyl-l,l-dimethylurea and 3-(4-chlozopheny1)-1,1-

dimethy1urea, imidazo1ines such as 2-methylim.i.dazo1ine, 2-

pheny1i.midazo1ine, 2-undecy1imidazo1ine and 2-

25 heptadecy1imidazoline, monoaminopyridines such as 2-

ami.nopyricline, amineimides such as N,N-dim.ethy1-N-(2-

hydroxy-3-a11yloxypropyl) em.ine-~' -lactamide, organ~c 

phosphorus-based coxnpounds such as ethylpbosphine, 
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propylphosphine, buty1phosphine, phenylphosphi:n.e, 

trimethy1phosphine, triethy1phospbine, t.ributylphosphi:n.e, 

trioctylphospbine, triphenylphosphine, 

tricyc1ohe:xy1phosphine, 'b:iphenylphosphine/triphenylboraue 

5 complex and tetraphenylphosphonima tetraphenylborate, 

diazabicycloalkenes such as 1,8-diazabicyc1o[5,410J 

undecene-7, a:n.c;t 1, 4-cliazabicyc1o [2, 2, 2] oct~e. These curing 

accel.erators may be used sinqly o: .in comb:i.nation of two or mere 

thereof. P:referred amo:ng these curing accelerators are 

10 ;imi.dazole-based compounds and organic pbospho:r:us-based 

compounds from the standpoint Of ease in production Of cu:r::i.:n.g 

acce1erator-contai:n.ing microcapsul.es and handling. 

~he polymer comprising as a main component a polymer 

havi.n9" a structural unit .represented by the foregoinq gen.e%a1 

15 form.u.1a (1) can be obtained by the pol.yadd.itiou :eaction of 

polyisocyanates with polyval.ent amines or the reactiou 0£ 

polyisocyanates with water. 

As the foregoing po1yva1ent .isocyanates there can be used 

any compounds having two or more isocyanate groups per mol.ecule. 

20 Specific examp1es of these polyval.ent :isoc:yanates .include 

di.isocyanates such as m-phenylened.iisocyanate, p-

pheny1enedi.isoc:yanate, 2, 4-to1ylenedi~socyanate, 2,6-

tolylenedi.isocyanate, naphthalene-1,4-d.iisocyanate, 

cliphenyl.methane-4,4 1 -diisocyanate, 3,3'-dimethoxy-4,4'-

25 biphenyldi.isocyanate, 3,3'-dimethyldiphenylniethne-4,4'-

diisocyanate, xyly1ene-1,4-cliisooyanate, 4,4'-· 

diphenylpropanediisocyanate, t%imethylenediisocyanate, 

hexamethylenediisocyanate, propylene-1,2-diisocyanate, 
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butylene-1,2-cliisocyanate, cl'c1obexylene-1 12-diisocya.nate 

.and cyc1ohexylene-1,4-diisoc::yanate, triisocyanates such as 

p-pheny1enecliisothiocyanate, xyl.ylene-1,4-diisot:hiocyanate 

and ethylidinediisothioc:yanate, tetraisocyanates such as 

5 4,4'-dimethyldi.phenylmethane-2 12' ,5,5'-tetraisocyanate, 

adduct of hexamethylenediisocya.nate wi. th hexanetriol., adduct 

of 2 , 4-t:o1y1enecliisoe,yana te with Bxenzcatechol, adduct of 

tol.y.lenecli.isocyanai:e with hexanetrio1, adduct of 

to1yenedi.isocyanate with trimetbylolp:ropane, adduct of 

10 xyly1enecliisocyanate with t:r:lam.ethylolprapane, adduct of 

hexamethy1enediisoeyanate with trimethylolpropane, and 

i.socyanat.e p:repol.ymers such as trimer of al.iphatio polyvalent 

isocyanate such as triphenyldim.ethyl.enetriisocyanate, 

tetrapheny1tr:iJD.ethy1ene tetraiscc:yanate, 

15 peni:a.phenyl. tetramet.hylene pen ta.isocyanate, 1ysi.ne .isocyanate 

and hexamethyl.ene diisocyanate. ':t'hese compounds mal" be used 

singly or in combination 0£ two or more thereof. 

Preferred among the foregoing po1yvalent isocyanai:es 

from the standpoints of fil.m-fo:cndng properties in 

20 mi.croencapsu1ation and mechanica1 strength is at least one 

t:r.iva1ent !isocyanate prepo1ymer selected.from (X) an adduct of 

tol.ylene diisocyana te with trimethyl.ol.p:ropane and (Y) an adduct 

of xylylene diisooya.nate with tri.methylolp:rcpane. 

Fu:rthe:cmore, tripheny1di.methy1ene triisocyanate also can be 

25 used as a preferred polyvalent isocyanate. 

On the other hand, as the poJ.yval.ent amines to be reacted 

with the polyval.ent isocyanates there can be used any compounds 

having two or :rnore amino groups per molecu1e. Specific examples 
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of these compounds employable here.in i.nc1ude 

diethy1enetriamine, trietb~lenetet%amine, tetraethylene 

pentami.ne, 1,6-hexam.ethy1enediamine, 1,8-octamethy1ene 

diami.ne, 1,12-dodecamethyl.enediami.ne, o-pheny1enecliam..ine, 

5 m-phen.y1enec:liamine / p-phenylenediami.ne, o-zy1ylenediam:i ne, 

m-xy1y1enecliamine, p-xyly1enediami.ne, menthanediamine, 

bis(4-ami.no-3-methy1cyclohexyl)methane, iscphoronedi.~ine, 

1, 3-diaminocye1ohexane, and spi:roacetal-based cliudne. ~hese 

compounds may be used sing1y or i.n combination of two or mo:ce 

10 thereof. 

'?he reaction 0£ the po1yvalent isoc::yanates with water 

causes hydro1y:at.i.on of the po1yvalent :i.socyanates :resuli:i:ng 

in the production of an amine that is then reacted with unreacted 

isocyanate groups (so-called sel£-polyaddition reaction) to 

15 produce a po1ymer comprising as a ma:i.n componeiit a polymer 

hav.ing a structural. un.it :rep:r:esentedby the general fo:cmu1a (1) . 

As the polymer constituting the shell portion (wall 

membrane) there may be us~d a polyurethane-polyurea having a. 

urethane bond in common w~t.h each other produced from the 

20 pol.yva1ent isocyanate and a polyval.ent a1cohol in 

combination. 

As "the foregoing polyval.ent al.cohol. there can be used any 

of al.iphati.c al.oohol, a:z:omati.c al.cohol and alicycl.ic aleoho1. 

Examp1es of the po1yva1ertt alcohol employable herein include 

25 catechol, resorcinol, 1,2-dihydrcxy-4-methylbenzene, 1,3-

clihydroxy-5-methylbenzene, 3,4-di.hydroxy-l-methylbenzene, 

3,S-d.ihydroxy-1-methylbenzene, 2,4-dihy~oxyethylbenzene, 

1,3-naphthal.enecliol, l,S-napthalenediol,2,7-naphthalenediol, 
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2 , 3-naphthal.enediol. / o, o' .-bipbeno1,. p, p' -b:i.phenol, bi.spheno1 

A, bis-(2-hydroxyphenyl)methane, xylylenediol, ethy1ene 

g1ycol., 1, 3-propylene · g1yc:ol., 1, 4-butyJ.ene gl.ycol, 1,5-

peni:anediol, 1,~-hexanediol, 1,7-heptanedi.ol, l,8-octanedi.o1, 

5 l,l,l-t%'imei:hylo1propane, hexanetriol, pentae:rythritol, 

glycerin, and sorbi tol. 'I'hese comp'ounds may be used sing1y or 

in combination of two or more thereof. 

'I'he foregoinqmicrooapsul.e t::ype curing accelerator can 

be prepared through, e.g., the fol.lowing three steps. 

10 [1.st step] 

The curing accelerator as a core component. is dissolved 

or finely dispersed in a po1yvalent isocyanate as a raw material 

of wall (shell) to fo:cm an o.il phase. Subsequently, i:he oil. 

phase thus formed is dispersed .in the aqueous medi"l.'IJlt. (aqueous 

15 phase) containing a dispersion stabilizer .in the fo.xm 0£ 011 

drop to prepare an O/W (o11 phase/aqueous phase) em.u1sion. 

Subsequent1y, in the O/W emulsion was dissol.ved a polyvalent 

amine to cause .inte~faoial poll'llle.rization of the pol.yvalent 

ami.ne with the pol:yva1ent isocyanate in the o.:ll phas.e to 

20 initiate pol.yaddition :react.ion. Al.tex:natively / the O/W 

emals.ion is heated so that the polyva1ent isocyanate in the oi1 

phase x-ea.c:ts with water at the inte:;rfa.ce w:ith t.he aqueous phase 

to produce an amine that subsequentl.y initiate self­

po.lyadd.ition reaction. Thus, mic:rocapsu1es comprising as a 

2 5 shel.l portion (wall membrane) a polyu:rea-based po1ymer, 

prefe:;rabl.y a polyu.rea having a .st:ructural unit .rep.resented by 

the general. fo:cntula. (l) a:re prepared to obtain a mi~oc:a.psule 

di.spersion. 
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On the other hand, when a so1id cuz:ing acce1eratoz: is 

clisso1ved in an o:r:9anic solvent to form a cc:ce component, an 

S/O/W (so1id phase/oil. phase/aqueous phase) emul.sion .is 

obtained. In this type of an emu1si.on, the curing accelerator 

5 is lipophi.l.ic. A. hydrophilic cu:ring acce1erator can be 

difficultly f'o:cm.ed into this type of an emulsion. In this case, 

however / the solubiJ.i ty of the curing acce_1erator can be 

properly adjusted to form an 0/0 (oil. phase/oil. phase) emu1si.on 

or S/O/O (so1id phase/oil phase/oil phase) emulsion which then 

10 undergoes :i.nterfacial po1ymeri.zation. 

The organic sol vent :for clisso1 vi.p.g the curing accelerat:.cr 

therein is not specifically- limited so f'ar as it stays liquid 

at room temperature. rn practice, however, one whi.eh does not 

di.ssol.ve the sb.e1l.·po:-ti.on (wall. membrane) therein needs to be 

15 selected. Specif.ic examples of the organ:i.c solvent empl.oyabl.e 

herein in.elude .organic so1 vents such as ethyl. acetate / methyl 

ei:hyl. ketone / acetone, mei:hylene eh1ori.de, xy1ene, toluene and 

tet:rahydrofuran, and oi.ls such as phenylxyly1ethane and 

~a1ky1na.phthalene. 

20 [2nd step] 

:In the mieroca.psule dispersion obtained at the 1st step 

is then dissolved or di.spersed a blocking agent. In thi.s 

procedure, the addi ti.on of' the b1ocki.ng agent can be effected 

after the removal. of the dispersion stabi.1izer or unreacted 

2 5 amine from the aqueous phase by centrifugal separation or the 

like to advantage. 

[3rd step] 

The microcapsule dispersion which has been subjected to 
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blocking of ami.no g::roup with a blocking agent at the 2nd step 

can be subjected to centrifugal separation, fi1tration or the 

like to remove excessive blocking agent, and then dried to 

prepare a powdered mioxocapsule type curing accelerator. 

5 Examples 0£ the dispe:rs:i.on stabilize: to be added to the 

aqueous medium (aqueous phase) at the 1st step include 

wate:r-sol"Uble high molecula.%' compounds such as polyvinyl 

alcoho1 and hydroxymethy1 ce11u1ose, and surface active agents 

such as anionic su:rface active agent, nonionic surface active 

10 agent and cationic su:rface active agent. Alternatively, 

hydrophilic inorganic colloidal materials ~uch as co11oidal 

si1:ica and viscous minera1 may be used. The amount of such a 

dispersion stabil.izer to be added is preferably predeterm:i.ned 

to be f:rom 0 .1 to 10% by weig-ht based on the weight of the aqueous 

15 phase. 

~he blocking agent to be used at the 2nd step is not 

specifically limited so fa:r: as it is a compound reactive with 

amino group. Examples of such a compcnmd · empl.oyab1e herein 

.incl.ude compounds which :r:ea.ci: w:Lth amino g.:r:oup to fo:rm a 

20 cova1ent bond such as epoxy compound, aldehyde compound, aci.d 

anhydzid.e, ester compound and .isocyanate. Furthe:r exampl.es of 

suc:h a compound include aci.di.c compounds which undergo 

neut:ralization reaction with amino group to fo:cm a salt such 

as organic carboxy1ic acids (e.g., acetic acid, fo:cmic acid, 

25 lactic acid, oxali.c ae.id and succinie acid, organi.c sulfonic 

acids such as p-toluenesulf onic acid, 2-naphtha1enesulfonic 

aci.d and dodecylbenzenesu1fonic acid) , phenol compounds / 

inorganic acids such as boric acid, phosphoric acid, nitric acid, 
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ni b::ous acid and hydrochloric aci.d, and soli.d materials having 

an acidic surface (e.g., silica, aerogil). Preferred altl.ong 

these compounds are the acidic compounds, which c:an be used to 

effectively block the amino ~oup present on and inside the wall 

5 m.embrane. Particularly preferred among these acidic compounds 

are fozmic acid an.d organic sulfonic acids. 

~he fo:ceqoing block:i.n9" aqent is added i.n an amount 

equim.oleou1ar with the amino group pl:'esent on and inside the 

wa11 membrane. I:n practical, when as the bl.ccking agent there 

10 is used an. acidi.c compound, the acidic material (acidic 

compound) is ·added to the dispersion which has just been 

subjected to microeapsu1izat.ion (i.nterfacial polymerization) 

so that the pB value of the d.ispe:z:sion is adjusted frombasicity 

to acidity, preferal>J.y a pH of 2 to 5. ~hereafter, the 

15 dispersion may· be subjected to centrifugal separation, 

filtration or the 1ike to remove excessive acidic compound. 

In the process for the producti'on of a iuicrocapsul~ tY,Pe 

cur.ing accelerator comp:ising the foregoing 1st to 3rd steps, 

the 2nd step may a:l.so i.nvolve the passi.ng ?f the microcapsul.e 

20 d:i.spersion through an acidic cation exchange co1umn by whi.ch 

the unreacted f:ee amine can be removed or the remaining amino 

group can be neutralized. 

'1'he ave:rage pa:rti.cle diamete:r of the microcap.su1e type 

cu:r:ing- acoel.erator thus obtained is not specifical1y limited. 

2 S :rn practice, however, i. t is preferab1y predetermined to a range 

of from 0. 05 to 500 µm, more preferab1y from 0 .1 to 30 µm from 

the standpoint of unifo:cmity in dispe:c"sion. The shape of the 

microcapsule type cu:cing accelerator is pre£erab1y sphere but 
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may be e11ipsoid. J:n the case where the microcapsules are not 

un:i.f oxm in particle c:liam.eter, e.g. , 1fhere the microcapsu1es are 

e1J.i.psci.dal or f1a t rather than spherical, the va1ue obtained 

by simply averaging the longest di.ameter and the shortest 

5. diameter is defined as average particle diameter. 

The amount of the curi.ng accel.e:rator to be encapsulated 

i:n the m.ic:rocapsu1e type c\lring accel.erator i.s p:refe:ab1y 

predete:cni.ned to be :from 10 to 95% by weight, particu1arl.y f.rom 

30 to 80% by weight based on the total amount of mic:cocapsules. 

10 In other words, when the amount of the curing- accelerator to 

be encapsulated fa11S be1CW 10% by Weight I the CU.ring reaction 

time l.s too 1oug to give su:ffi.cient:. :ceacti.vi.ty. On the contra.z:y, 

when the amount of the curing- accelerator to be encapsulated 

exceeds 95% by weight, the thickness of the resulti.ng wall 

15 membJ:ane i.s too sma1l to prov:i.de the co:ce po:ct:i.on (curing aqent) 

with sufficient isolata:bility aud mechanical strengi:h. 

~he ratio of the th~ckness of the shell po:tion (wall 

membrane) to the parti.cle diameter of the microcapsu1e type 

curing accelerator is preferably pre~eterudned to a range of 

2 0 from 3 to 25%, particu1ar1y from S to 25%. :In other words, when 

the foreg:oing :-a tio fa1ls be1ow 3%, the resu1 ting microcapsules 

cannot be provided with a sufficient mechanical strength 

against the shear developed at the kneadiDg step during the 

production of epoxy resin composition. on the contraJ:Y, when 

25 the foregoing :ratio exceeds 25%, there .is a tendency that the 

curing acce1erator encapsulated is insufficientiy released . ... 

The amount of the latent cu~ing accelerator (component 

C) tc be inc:o:cporated is preferably £.rom 0 .1 to 40 parts by weight 
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(hereinafter abbreviated as ''parts") , more preferably from 5 

to 20 parts, per 100 parts of the ac.i.d anhydride-based curing 

agent (component B). This i.s because when the amount· of the 

latent curing ac:ce1erator in.co:porated is smaller than 0 .1 part, 

5 the composition has too low a curing rate, leading to reduced 

strength, and because amounts thereof exceeding 40 parts resul.t 

in too biqh a curinq rate.and th1s may impair £lowability. 

The amount of the latent cu::ing accelerator (component 

C) to be .i.nco:cporated is preferab1y predeter.m;ined to a :range 

10 of from 0 .1 to 40 parts by wei.ght (heX"einafter abbreviated as 

''parts") , partieularl.y from 5 to 20 parts based 100 parts of 

the above acid anhyckide-based curinv agent:. (component B). 

In ether wo:r:ds, when the amount of the latent curing accelerator 

to be incorporated falls be1ow 0.1 parts, the curing rate is 

15 so 1ow that the .resu1ting strength is liable to be lowe:ed. On 

the con'b::azy,· when the amount of the 1a.tent cu:rizig accelerate: 

to be i.ncorpo~ated exceeds 40 paxts, the curing rate is so high 

that the f1uidity is liab1e to be impaired. 

rn the invent.ion, a.s the 1a.ten.t caring accel.ez:ator to be 

2 0 used as component C the:re may be used ~ eommercia11y avai1ab1e 

u'icrocapsu1e type curing accele;rator besides the cur.ing 

aece1erato:-containing mi.e%ocapsules so far as the des~red 

object cannot be impaired. Examp1es of these couuaercia1ly 

available mi.crooapsule type curing acce1erators include 

25 MCE-9957 (comprising as wa11 membrane methyl methacrylate; 

produced by NIPPON KAYAKU CO. , LTD. ) , and Novacu:re produced by 

Asah~ Ciba Co., Ltd. (HX-3748, 3741, 3742, BX-3921HR., BX-

394lHP). Even curing accelerators other than microcapsu1e 
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type curing accelerator may be used such as those having a 

reduced eatalyti<:i activity such as dicyan d.iamide and :rujicure 

F.XR-1030 and FXE-1000 produced by Fuj.i Chemical Indusb:y Co:cp. 

o.r if they are ordinary .curing accelerators and added iii a small. 

5 amount to 9.ive a reduced catalyst activity. 

The inorganic filler (component D) to be used as the 

components A to c is not speeifica11y 1im.ited. Various 

inorganic :fi.ll.e:r:s :may be used. Examples of' these inorganic 

f.il.1ersincludesilica, clay,gypsum,calciumcarbonate,baritam . ' 

10 sulfate, a1umina, be:ry11ium oxide, silicon car:bi.c:le, si1i.eon 

ni t:cide, and .aerogil.. These com.pounds may comprise an 

el.eetrical.ly-conduct.i ve pa::rticuJ.ate :material such as nickel, 

goJ.d, copper, si.1ver, tin, lead and B:i inc~::cpozated there.in. 

-Preferred among these compo'lln.ds is spherical si1ica powder, 

15 pa:t:Lcul.arl.y spherical. fused si.l..ica powder. The average 

particle diameter of the inorganic filler i.s preferably from 

O. Ol to 60 µm, moxe prefe:r:ably f:r:om O .1 to 15 µm. The te:cm 

"spherical." as used herein is meant to indicate that the 

spherici. ty is 0. 85 or more on the averag-e as measured~ a Type 

20 FPIA-100 f1ow type partic1e image analy.2:er (produced by SYSMEX 

~he content of the inorganic fiiier (component D) is 

prefe:r:ab1y fJ::om SO to 92% by weight, mo:r:e preferab1y fram 60 

to 88% by weight, based on the whole resin composition for 

25 semiconductor encapsu1ation. This is because when the content 

of the :ino:rqanio filler is lower than 50% by weiqht, the 

com.position gives a cured resin having an inc:r:eased coef;ficient 

of 1inear expansion and tending to have a stress, and because 
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when tbe content the:eof exceeds 92% by wei.ght, the composi.tion 

tends to have :reduced £lo-ability and show impaired 

dischargeability and applicability. 

!'1.lrther, the resin composition for semiconductor 

5 encapsu1at:Lon of the invention may comprise other additives 

inco%porated therein besides the components A to D if necessazy. 

Examples of the other additives emp1oya:bl.e he.rein include 

fire retardant, wax, a1cohols such as ethy1 alcohol and methyl 

alcoho1, g1yco1s such as polypropylene gl.yco1, polyethylene 

10 glycol, andqlycerol, level.ingagent, anti-foaminqaqent, flux, 

pigment, dye, siJ.ane coupling agent, and titanate-based 

cou.p1ing agent. Exampl.es of · the silane coupling agent 

employable herein include y-me:rcaptop:ropyl trimethoxysilane, 

y-glyc~doxypropyl. diethoxysila.ne, ~-(3,4-

15 epoxyc:yclohexyl)ethyltr.imethoxysi1ane, y-metb.acrylo~ropyl 

trmethoxysilane, and amino group-containing s:Llane. These 

sil.ane coupJ.i:c.g agents may be used singly or in combination of 

two or more thereof . . 
Examples of the ~i:re retardant employable he.rein :i.nc1ude 

20 novolak type brominated epoxy resin, and brominated bisphenol. 

A type epoxy resin, meta11ic compounds such as antimony trioxide, 

ant~mony pentaoxide, maqnesium hydroxide and aiumi.num 

hyd~ox~de, and phosphorus-based compounds such as :red 

phosphorus and ester phosphate. These £.ire retardants may be 

25 used singly or in combinati.on of two or mo.re thereof. 

Also usable bes.ides those fire :retaz:da.nts i.s a poJ.yhedral 

metal h:yd:roxide :cepresented by the fo11owing g-ene:::al f or.muJ.a 

(8) . This metal hydro::idde has a polyhedral crystal foJ:m, and 
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differs frcmt conventiona1 meta1 hydroxides having a hexagonal 

p1aty crysta1 form or having a thin platy crystal fol:m, like 

flaky ones. Specifically, the po1yhed.ra1 c:cystal f o:z:m. is 

obi:a.ined from. a metal hydroxide having a high crystal growth 

5 rate not only in the l~ngth and width directions but in the 

thickness direction (c-axis di.rection), e.g., one having a 

platy czys~al £orm, by causing the c:cysta.l.s to grow in the 

thickness direction (c-axis clirection) into parti.cu1ate 

crystals which are more three-dimensional and nearly spherical. 

10 Fer example, the metal hydroxide has a c:cystal. :form which is 

nearly dodecahedral, nearly octahed.ra1, nearly tetrahedral, 

etc. 

15 

20 

-(8) 

In fo:r.m.ula (8) , M is at least one metal atom selected from 

Mg, Ca, Sn, and Ti; Q is at least one metal atom selected from 

Mn, Fe, Co, Ni, cu, and Zn; and xis a positive nUJDbe:J: of from 

0.01 to 0.5. 

A metal hydroxide having such a po1yhedral crystal. fo.rm 

can be obtained, for example, .by regulating various condit:i.ons 

in a metal hydroxide production. process so as to grow ceysta1s 

not only in the length and. width d.i:J:ections but in the thickness 

direction ( c-axis direction) . Thus , a meta.1 hydroxide having 

2 5 the desi:J:ed pol.yhed:r:al. crystal. fo:cm, e.g. , a nearly 

dodecahedral., nearly octahedral., or nearly tetrahedral form, 

can be obtained. Usually, the 111.eta.J. hyd.Z'oxide is a mixture of 

partic1es hav~ng such c:cysta1 £0.:cns.~~~~~~~~~~~ 
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Typical examples of the metal hydro:xi.de having- a 

polyhedral cxystal form include Mg1~i:ic (Oti) 2 [ O. Ol<x<O. 5] and 

Mg1.xZDx(OB) 2 [0.01<x<0.5]. Examples of commercial. products of 

these metal hydroxides inc1ude Echomag, produced by 'rateho 

5 Chemic~l. Industries Co. , Ltd. 

The metal hydroxide having a polyhedra1 cn:ysta1 fo%JD. has 

an asp~ct rati.o of genera1ly :frcin 1 to 8, preferabl.y from l: to 

7 1 more pre:ferab1y from 1 to 4. The te.rm. "aspect ratio" herein 

means the ratio of the length of the major a.xi.s of the metal 

1 O hycl:.r:oxide to that o:f the minor axis thereof. When the aspect 

ratio the.reo:t" exceeds 8, the epoxy resin composi lion containing 

thi.s metal hyd%oxide is :reduced in the effect of having a low 

viscosity upon melting. 

Examples of the wax employable herein incl.ude a higher 

15 fatty aci.d, a higher fatty acid es~er,a higher fatty acid 

cal.ci"l.Un, and an amide-based compound. These waxes may be used 

singly or· in combination of two o:r mo~e thereof. 

The resin compos.:i. tion for semiconductor encapsulation of 

the invention may comprise a si1icone oil, si1~cone rubber, 

20 synthetic rubber or reactive diluent incorporated therein 

besi.des the above-described 0th.er addi ti ~s to reduce the 

resu1ti:n.g stress. The resin composition for sem.i.conducto~ 

encapsu1ation 0£ the invention may comp;rise an i.on t;rap agent 

such as hydrotalci te and bismuth hydroxide fo:t! the purpose of 

25 enhancing- the ~eliability in the humidity resistance 

re1iability test. 

The .resin composition £or semiconducto;r: encapsulation of 

the .invention can be prepared, e.g., in the following manner. 

This Sheet Has Been Replaced 

I lllllll llllll llll Ill llll 
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In some detail, the foregoing components A to D and optionally 

other additives are mixed, and then kneaded under heating in 

a kneader such as universal agitator so that i.t is melt-mixed. 

Subsequently, the mixture i.s coo1ed to room temperature (appzox. 

5 25°C) to produce the desired resin composition for 

sem.iconductcr encapsulation. In order to adjust tbe :f1uidity 

of t:h~ resin compos:i.ti.on for semiconductor encapsulatio~, an 

organic solvent may be added. :Bxamp1es of the organic solvent 

emp1oyable herei.n inc1ude toluene, xylene, methyl ethyl ketone 

1 O (MBK) , acetone, and di.acetone alcohol . These organic sol vents 

may be used singly or in combination of two or more thereof. 

~e resin composition for semiconductor encapsulation 

thus obtained must be so1id at 25°C or have a viscosity as 

measured at 25°C of 700 Pa· s o:r higher and must have a viscosity 

15 as measu:red at 8 0 ° C of S 0 0 Pa· s o:r l.ower. Especially preferabl.y / 

the resin composition is solid at 25°C or has a viscosity as 

:measured at 25°C of 700 Pa·s or higher, and has a viscosity as 

meas"Q.red at 80°C of 300 Pa·s or 1ower. :In other words, when 

'the viscosi.ty o:f the resin compositi.on :for semiconductor 

20 encapsulation fa1ls bel.ow 700 Pa·s at 25°C, the resulting resin 

composition exhibits deteriorated storage stahi.1ity, when the 

viscosi.ty of the resin composition for semiconductor 

encapsulation exceed 500 Pa·s at 90°C, the resu1ting resin 

compos1tion exhibits deteriorated dischargeabi1ity and 

2 5 coa tabi.1i. ty, and thus, in both cases the resu1 ting resin 

compos~t~on cannot satisfy the desired :i.nitial requirements. 

1'he viscosity of the resin composition for semiconductor 

encapsulation at 25°C and 80°C can be measured by an E type 
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viscometer as follows. 

[Viscosity at 2S°C] 

l'o.z: the measuxement of viscosi 1:y, a Type RE800 viscometer 

com.prising· a cone rotor ·having a size of 3 ° and R7. 7 produced 

5 by Toki Sangyo Co. 1 Ltd. was used. The sample was pretreated 

at a cone rotor rotary speed of 1.r:pinfor1 minute at:. 25°C, and 

then allowed to stand at 0 . l xpm. for 10 ml.nu~s at 2S ° C before 

10 

measu:em.en.t. 

[Viscosity at 80°C] 

For 'f:he measurement of vi.scosity, a Type .RE80!t viscometer 

produced by ~oki San.9l"o Co. , Ltd. was used. For the sample 

havi.ng- a viscosity of less than 100 Pa· s, a cone ;rotor havi.ng 

a size of 3° x Rl4 was used. For the sample having a viscosity 

of 100 Pa·s or mo~e, a cone rotor having a size of 3° x R7.7 

15 was used. o;rbe sample was pretl:eated at a cone roto:: :ota:cy speed 

of 1 rpm for 1 nrl.nute at 80°C, and then all.owed to stand at 0.5 

%pm for 10 minutes at 80°C befo.z:e measurement. 

'rhe prod.ucuon of a seadconductor dev:i.ce from the res.in 

composition for semiconductor encapsu1ation of the invention 

20 .is accom,Plished by various known methods. rn mounting by f1ip 

chip, COB, grabtop, cavi.ty fill, etc., the res;in composi.ti.on 

for semi.conductor encapsu1at:ion whi.ch has been heated (to a 

temperature of from about 40°C to 90°c, preferably f.J:om about 

60°C to 80°C) is supplied by means of a dispenser so that 'the 

25 semiconductor e1eme~t is potted. The .re.sin composition is then 

heated and cured to fo:cm an encapsu1ating resin layer. Thus / 

a semiconductor device canbep:rociuced. Alternatively, a solid 

or semi-solid resin composition f o:r semiconductor 

Tl • c;:1 
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encapsulation may be directly adhered or applied to the 

semiconductor eleinent, etc., and then heated and cured to form. 

an enc:apsulatin9 re.sin layer. ~us, a semiconductor dev:i.ce can 

be produced. The mounting may be effected in vacuo. 

Among the foregoing precesses f cr the p:roducti.cn of a 

semiconductor device, flip chip :mounting wil.l. be fu:the.r 

descr:ibed hereinafter with reference to s;de fill encapsulation 

process / press bump encapsulation p:rocess and printing 

encapsu1ation process. 

10 [Si.de fil.J. encapsu1ation process] 

A w:i.:ring circuit board having semi.conductor el.ements 

pr°"ided thereon with a p1u:rality of connecting electrode 

portions in te:cposed the:rebetween is prepared. The czap between 

the wi.:ring ci:rcui t board and semiconductor elements which have 

15 been previously heated (to a ~e:ratu.re of from about 40°C to 

130°C,· preferably from 60°C to 100°C) is then filled with the 

resin com.position for semiconductor encapsulation which has 

been heated (to a temperature of from about 40°C to 90°c, 

preferably fxcm. about 60°C to 80°C) and injected by means of 

2 0 a dispense:r. The res.in eom.pos.i ti on thus injected is then heated 

and cured to fonn. an encapsu1ating res.in ·1aye.r. :In thi.s manner, 

a semiconductor device c::an be p::roduced by fli.p chip mountinq. 

A1ternat~vel.y, a soi~d o:r semi-solid resin composition 

fol: sendconductor encapsu1ati.on which has not prev.ious1y.been 

25 heated may be directly applied .onto the semiconductor elements 

or to the a:rea in the vicinity the:reof, and then heated and cured 

to form an encapsulating resin layer in the gap between the 

semiconductor e1ements and the wiring circuit hoard. 
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~e production of a semiconductor by side fill 

encapsulation process may be effected in vacuo. As the 

apparatus f o:r: the production of such a semiconducto:r device in 

vacuo there may be used a TirPe MBC-V Series p.roduced by Musashi 

5 Engineering Co., Ltd. The foregoing product.ion of a 

semiconductor device in vacuo may be accomplished by 

di.ffe:ren tial. p:ressu:r:e fill.ing meth<?d whi.ch comprises fil.1.ing 

of the gap between the wiring circuit board and the 

semiconductor e1ements i.n vacuo with the :resi.n composition for 

1 O semi.conductor e.ncapsul.ati.on which has been injected by means 

of a dispenser and subsequent filling the gap w.ith :the :resin 

composition at atmospheric pressure. 

{Press bump encapsulation process] 

The res.in composition for se:miconducto~ encapsu~at:i.on 

15 which has been heated (to a temperature of from about 40°C to 

90C, preferab1y from 60 ° c to 80 ° C) is appl.ied onto the wiring 

ci.:rcui. t boa:rd by means of a dispen$er so that the semiconductor 

el.ements a.re potted. Thereafter, press bump connection 

process using a f1ip ch:Lp bonder o:r the like :i.s effected to car:cy 

20 out the el.ectrical.· connection between the semi.conductor 

el.ements and tbe wiring circuit board and the formation of an 

encapsu1ating resi.n layer at the same time. I:n this manner, 

a semi.conductor device can be produced by f1i.p chip mounting. 

Alternatively, a solid or seini-sol1d resin composition 

25 for semiconductor encapsu1at.ion which has not p:reviou.s1y been 

heated may be direct1y app1ied to the semiconductor e1ements 

or wiring circuit board, followed by press bump connection 

process. In this manne:r:, the connection between the 
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semiconductor elements and the wiring circuit board and the 

formation of an encapsu1atinq resin 1ayer can be effected at 

the same time. 

The production of a semiconductor device by press bump 

5 encapsulation process may be effected in vacuo. 

Instead of potting by means of a dispenser, printing may 

be effeete_d to app1y the resin c~pos.i ti.on i.f possib1e, fo11owed 

by press bump connection process by :flip chip :bonder or the 1ike 

wh.ich effects the electi='.ical connection between the 

10 semiconductor e1ements and the wiring circuit board and the 

fo.i::mation of an encapsulating resin layer at the same tixne. In 

the app1~cat.ion by pr.inti.ng, the printing atmosphere may be 

entirely heated or the mask or squeegee may be partly heated 

(to a temperature of from about 40°C to 100°C) • 

15 [Printing encapsulation process] 

A wiring circuit board having semiconductor elements 

provided thereon with a p1ural.ity of connecting electrode 

po:rtit;>ns intel:posed therebetween .is prepared. The resin 

composition for semi.conductor encapsu1ati.on which has been 

20 heated (to a temperature of from about 40°C to 90°C, p;-eferably 

£rom about 60~C to 80°C) :ts then dropped .into the gap between 

the wi.::cing circuit board and semiconduc:to:c elements which has 

p:reviously been beateci (to a temperature of fz:om about 40°C to 

130°C, preferab1y from. about 60°C to 100°C) by means of a 

25 dispenser so that p:ri.ntinq encapsulation is effected to fo:cm 

an encapsulating resin 1ayer. l'.n this manner, a semiconductor 

device can be produced by flip chip mounting. 

The printing encapsulation process is preferably 
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accomplished by the use of a 'l'ype VPB-100 Series vacuum printing 

encapsulation apparatus using vacuum differential pressure 

(produced by To:i:ay Engineering Co. / Ltd. ) because air bubb1es 

can hardly e:nter :into the encapsulating resin. layer.· 

Alternatively, a solid or semi-solid resin com.position 

for sem.iconductor encapsu.1ation which has not previously been 

heated may be di.reetly. applied to a stage or sqaeegee so that 

printing encapsulation can be effected. 

on·the other hand, among the foregoing processes for the 

10 product:i.on of a semiconductor device, the cavity fi1l process 

for the product:i.on of a semiconductor clev:i.ce wi11 be further 

descri.bed hereinafter. 

A wiring circuit board having seln.icondttctor elements 

provided thereon in such an a:r%angement that the semiconductor 

15 el.em.ents are electrically connected thereto through a bonding 

wire or the 1ike is prepared. The resin composition for 

semi.conductor encapsulation which has been heated (to a 

temperature of from. about 40°C to 90°C, preferab1y from about 

60°C to 80°C) is then app1.iet;i to the wiring circuit board and 

20 semi.conductor el.ements which has p:revious1y been heated (to a 

temperature of f~om. about 40°C to 130°C, p:ef'e:rab1y from about 

60°C to 100°C) by means of a dispenser so that the semiconductor 

el.ements are potted. The res.in com.posit.ion is then heated and 

cured so that an e:ncapsul.ating :resin layer is for.med to 

25 encapsu1ate the .sem.ioonduc:tor elements. In this manner, a 

cavity fi11 type of semiconductor device can be produced. 

Al.ternatively, a solid o:r semi-solid resin composition 

for semiconductor encapsulation which has not previously been 
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10 

heated may be directly adhered. or appli.ed. to the semiconductor 

elements, and. then heated and cured to fo:cm an encapsulating 

resin layer in such an arrangement that the semiconductor 

elements are encapsulated. 

The production of a semiconductor device by the foregoing 

encapsu1ation method may be effected i.n v~cuo. As the apparatus 

for the production: of such a semiconductor devi.ce in vacuo the:re 

may be used a Type MBC-V Series produced by Musashi Engi.neer.:inq 

Co., Ltd. 

Other processes for the product~on of a semi.conductor 

device will be further described hereinafter. A w.:i.ring circuit 

board hav.ing semiconductor e1ements provided thereon i.n such 

an arrangement that the sem.:iconductor elements are e1ectrically 

connected thereto through a bonding wire or the l.ike i.s prepared. 

15 The :resin composition for semiconductor encapsulation wh.:i.ch has 

been heated (to a temperature cf frcm about 40°C to 90°C, 

preferably from about 60°C to S0°C) is then supplied on the 

wiring circuit board and semiconductor elements which have 

pre:vicusl.y been b,eated (to a temperature of £rem about 40°C to 

20 130°C, preferably f:rom 60°C to 100°C) by printing or the 1ike, 

and then heated and cured to fo:an. an encapsul.a.ting :cesi.n l.aye:c 

in such an arrangement that the semi.conductor eleinents are 

25 

encapsul.ated. :Cn this manner, a cavity fi11 type of 

semiconductor device can be produced. 

'l'he production of a semiconductor device by p:r~nting 

encapsul.a tion process may be effected in vacuo. In the 

proceduJ:e of producinq a semiconductor device in vacuo, 

pri.nting encapsulation in vacuo may be followed by the .ri.se in 
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the atmospheric:: pressure that causes the removal of voids from 

the resin c::om.posi tion for semiconductor encapsulation. Finish 

printing may be then effected under these conditions. 

The semiconductor device .is then placed on a mounting 

5 board (motheJ:" board) to produce a semiconduc'!=or product. In 

some detail, the semiconductor device is mounte~ on the mounting 

board (mo the;- boa.rd) with a plura1i ty cf connecting electrode 

port.ions being provided i.ntexposed 1:he:rebet:ween. At the same 

'l:i.me, t:be gap ~tween i:he mounting board and the semi.conductor 

10 device is £.illed with the resin com.position for semiconductor 

encapsu1ation of the invention which is then heated and cured 

to :f oz.-m an encapsulating res;i.n layer. In this manner, a 

semi.conductor product is_ produced. 

The method £er heating and curing the resin c::omposi. t:i.on 

15 for semiconductor encapsu1ati.on is not speci:fi.ca11y limi. ted.. 

In practice, however, a hea.t:inq method using a convection dryer, 

l:R re£1ow furnace, hot plate or the like can be used. 

Examples of the method for filling the qap between the 

mounting board an~ the sem~conductor dev.:i.~e with the :r:esin 

20 compos.:i.ti.on for semiconductor encapsu1ation of the invention 

i.ncl.ude the same methods as desC%ibed w.:i.th f1:ip ch:i.p mounting 

among the processes for the p:r:oduction of a semiconductor device 

mentioned above, i . e. , side f i.11 encapsulation. process , press 

bump encapsulation process, printing encapsulation process, 

25 etc. The res:in composi.ti.cn for semiconductor encapsulation 

:niay comp~ise an electrically-conductive part:iculate :material 

such as nioke1, gold, silver, copper, tin, lead and Bismuth 

dispersed therein to £oxm ACF (Anisotropic Conductive Film) or 
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ACP (Jm.isotropic Conductive Paste) which is then used £or fl.ip 

chip mounting. In othe:r: embodiments, the resin composition.for 

semiconductor encapsu1ation may be applied to the wiri.ng 

circui. t boa.rd. as a damming mate:ri.al or may be used as an adhesive 

5 for bonding the wiring circuit board.to the heat radiator or 

a c:li.e-bonding agent. 

~e production of a _semiconducto:r device comprising ~e 

.resi.n composition for semi.conductor encapsulation of the 

invention whi.ch has been provided on a semi.conductor wafer or 

10 matl:ix wir:i.nq ci.reui t board can be accom.pl.ished by various known. 

methods. 

The production of a semiconductor device will be 

described with reference to the case where the resi.n ~osi ti.on 

for semi.conductor encapsu1ation of the invention is appli.ed to 

15 a semiconductor waf'e:r hav.ing a p1urality of semi.conductor 

e1ements with protruding electrode portions foJ:med thereon. 

:In some detai1, the resin composition for semiconductor 

encapsu1ailon which has been heated (to a tempe:r:atu:r:e of from 

about 40°C to 90°C, preferab1y from about 60°C to 80°C) is 

2 0 app1i.ed to the protrudinq e1ectrode po:r:tion side of the 

semiconductor wafer by means of a dispenser to f oxm a resin 1aier 

:made of the resi.n composi.ti.on for semi.conductor encapsulation 

to a predete%1D.i.ned thickness. ~e formation of a resin layer 

made of the resin composition for semiconductor encapsu1ation 

25 to a predetermined thickness is effected .in such a manner that 

at least the forward end of the protruding e1ectrode porti.on 

.is exposed to the exte.rio::r of the resin layer. Subseqaent1y, 

the semiconductor wafer having- a resin laye:r f ozmed thereon is 
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cut to produce a semiconductor device. 

The f~rmation of a resin 1ayer made of the resin 

c:omposi tion for semiconductor encapsulation can be carried out 

by printing through an opening in the mask. 

5 ~he resin layer thus fo:i:med may be in any state so far 

as .it is eventually the:cnoset. ~e heating and curing of the 

resin layer may be effected before or after cutting cf the 

semi.conductor wafe:. 

On the other hand, the resin composition for 

10 semiconductor encapsu1ation is supplied onto the whole of a 

p1ura1ity of semiconductor e1ements mounted on a matrix wiring 

circu:i. t board having incli vidua1 wiring circuits f o:cmed thereon 

to foX'lll a resin layer in such an arrangement that the 

semiconductor e1em.ents are encapsulated. Subsequently, the 

15 res.in layer i.s the:cmoset to enc:apsula te the pl ural.i ty of 

semiconductor el.ements with the resin· com.position. The 

pl.ura1ity of semiconductor eleni.ents thus encapsu1ated are then 

cut eve::cy semi.conducto.r e1ement to produce semiconductor 

devices. 

20 The resin 1ayer thus formed may be in any state so far 

as .it is eveni;ua11y the%moset. The heating and curing of the 

~esin layer may be effected before or after cutt~ng cf the 

seiniconducto:r elements. 

As the method fo:r fo:rming t:11e resin layer made of the resin 

25 composition for semiconductor encapsu1ation there may be used 

a method u.si~g a dispenser, a method invo1ving printing th.rough 

an opening in the mask or the like simi1ar1y to the method 

previous1y mentioned. 



. Altel:nativel.y, the resin composition for semicondu~tor 

encapsul.ation is supplied. onto the protrucling electrode portion 

side of a semiconductor wafer having a p111%a1ity of 

semiconductor elements with protruding eJ.ectrod.e portions 

5 fo%lD.ed thereon to fo:z::m a res.in layer to a predete:cmined 

thiokness. The sem.iconducto:r wafer having a resin l.ayer f o.z:med 

theJ:eon is then cut to individual sem:i.conductor el.em.en ts. 

S'llbsequently, the wiring circ:ui t board and the semi.conductor 

el.ements are contact-bonded to each other under beating with 

10 the :resin l.aye:r side of the semi.conductor elements thus 

separated and the plurality of wiring ci:cuit boards being 

opposed to each other so that they are electrical.l.y connected 

to each other. At the same time, the :resin layer is me1 ted and 

cured to fo:r:m an encapsuJ.ating resin 1ayer between the 

15 semi.conductor e1ements and the wiring circuit boards so that 

the semiconductor elements are encapsulated. In this manner, 

a semi.conductor device is produced. 

AJ.te:rnatively, the resin composiuon for semi.conductor 

encapsulation is suppl.ied onto a matrix w.iri.ng circuit board 

2 O having individual wiring circuits fo::aaed thereon to f O%DI. a .:resin 

layer •. The wiring circuit board having a resin layer foJ:med 

thereon is then cut to inclivi.dua1 w.ir.ing circuit boards. 

Subsequently, semic~nductor elements each provided with a 

p1urality of connecting e1eetrocie portions and the wiri.ng 

25 circuit boa%ds thus sepa.rated a.re contact-bonded to each otbe:c 

under heating with the connecting elect.rode portion side o:f the 

semiconductor elements and the wiring circuit boa.%ds being 

opposed to each other so that they. are electrically connected 

- 38 -



to each other. At the same time, the resin laye:r: is me1 ted and 

cured to form an encapsu1ating resin 1ayer between the 

sem.iconductor elements a.nci the wiring c.ircui t boa:r:ds so that 

the semiconductor elements are encapsulated. :In th.is manner, 

5 a semi.conductor dev.ice .is produced. 

As the method for fo%m.ing the resin 1ayer made of the resin 

co:mposi t.ion for semiconductor encapsu1ation ~ere may be used 

a method usi.ng a dispenser / a; method involving printing through 

an opening in the mask or.the like similar1y to the method 

10 prev:iou's1y ment::ioned. 

The present invent.ion wi1l be further described in the 

following examp1es and comparative examp1es, but the present 

invention should not be construed as being limited thereto. 

The fo1J.owin9 inq:reclients were prepared prior to these 

15 Examples. 

[Epoxy resin al] 

Crysta1J.ine epoxy resin :represented by the following 

chendca1 £ol:lllula (2) (GK-4137, p:roduced .by Nippon Steel. 

Chemi~al. Co., Ltd.; epoxy eqoiva1ent, 174 g/eq; mel~ng po.int, 

20 70°C) • 

yCH-ai.-o-@-o-@-o-cs.-7. 
(2) 

25 

[Epoxy resi.n a2] 
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B:i.sphenol I' type epoxy resin (Epo Tohto ?D.1'-8170, 

p~oduced by Tohto Kasei Co., Ltd.; 1.iquid at 2S°C; epoxy 

equival.ent, 158 g/eq) . 

[Epoxy resin a3] 

Bisphenol A type epoxy resin (Epikote 1001W, produced by 

Yuka Shell. Co., Ltd.; solid at 25°C; epoxy equivalent, 450 

g/eq). 

[Epoxy resin a4] 

Crystalline epoxy resin represented by the following 

10 chemi.cal. formula (3) (GK-5079, produced by Nippon Steel. 

Chem3.cal. Co., Ltd.; epoxy eqa:i.val.ent, 190 g/eq; melting poi.nt, 

78°C). 

15 

(3) 

2 0 [Aci.d anhydride] 

MethyJ.hexahydrophthalic anhydride (methylated HHPA, 

Rikac.id MB-700, produced by New Japan Chem:ica1 Co., Ltd.) 

[Cur:i.ng accel.erator cl] 

Amicrocapsule type curing accelerator was prepared in 

25 accordance with the Inetb.od previously menti.oned. in some 

deta.:il, 11 parts of an adduct of 3 mo1s of xy1y1ene diisocyanate 

and 1 mol of trimethylolpropane and 4. 6 parts of an adduct of 

3 mol.s of tolylene diisocyanate and 1 mol of trimethylolpropane 

This Sheet Has Been Replaced _ 4 o _ 

l lllllll lHlll llll 11! 1111 



were uniforml.y dissolved i.n a mi.xture of .7 parts of triphenyl 

phosphine and 3. 9 parts of ethyl acetate as curing- ·accelerators 

to prepare an oil phase. Separatel.y, an aqueous phase 

comprising 100 parts of d.isti.l.l.ed water and 5 parts of a 

5 po1:yviny1 alcohol was prepared. To the aqaeous phase thus 

prepared was then added the oi1 phase p.repazed as above . ~he 

mixture was then subjected to em.~1sification by means of a 

homom.ixe.r: to forJ11. an emulsion. ~he emul.si.on thus fol:med was 

then charged into a po1ymerization reactor equipped with a 

10 refiux tube, an agitator and a dropping funnel. 

On the other hand, 10 parts of an aqueous so111tion 

containing 3 parts of tri.ethylenetetramine were prepared. 1'he 

aqueous solution thus prepared was then put into the c:lropping 

funnel provided in the foregoing polymer.ization reactor. The 

15 aqueous so1ution was dropped into the emul.sion in the :reactor 

where interfacial po1ymerization took place at a temperatu.re 

of 70°C fox 3 hours to obtain an aqueous suspension of 

micrc;>capsule ~e curing accel.erator. Subsequent1y, the 

aq11eous suspension was subjected to cen"b:ifugal separation to 

2 0 remove the polyviny1 a.1cohol., etc. from the aqueous phase. To 

the .residue weJ::e then added 100 parts of clistil.1ed water. ~he 

mixture was then subjected to dispersion to obtain a suspension. 

To the suspension was then added f orm.ic acid to adjust 

the pH va1ue of the Sl'stem. to 3 • In th.is manner, a microcapsuJ.e 

25 type curing accelerator in which the amino group p.resent on and 

ins:i.d.e the wal.l membrane had been blocked with fo:cnic acid was 

prepared. The microcapsule type caring accelerator thus 

obtained was repeatedly· subjected to centrifuga1 separation and 

This Sheet Has Been Replaced 
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rinsing, and then dried to iso1ate the microcapsule type curing 

accelerator as a free-f1owing powder. The average parti.cle 

diameter of the microcapsu1e type curing accel.erator was 2 µm. 

The ratio of the shell. thickness to the particle diameter of 

5 microeapsu1es was 15%. The encapsulated amount of 

tri.phe:n.yl.phosphine was 30% by weight based on the total amount 

of the microcapsul.e type cur~ng accel.erator. 

[CU1'ing accelerator c2] 

MCE-9957 produced by NIPPON KllAKU co., L~. 

10 [Cur~ng accel.erator c3] 

2-EthyJ.-4-methyJ.imi.dazol.e (Curezol. 2E4MZ, produced by 

Shikoku Chemiea1s Corp.) 

[Inorganic filler dl] 

. Sp~ericaJ. fused. sil.ica powder (SE-2100, produced by 

15 Admatechs Co. 1 Ltd.; average particle diameter: 0.56 µm) 

[~norganic filler d2] 

20 

Spherical fused si.l.i.ca powder (F.B-48X, p:r:oduced by DENK:C 

I<AGAiro· ROGYO K.K.; .average pa:ti.cJ.e di.am.et.er: 15 µm) 

EXl\MPLES l TO 4 AND COMPARATIVE EXAMPLE 

The ingredi.ents shown above were mixed according to each 

of the foi:mulati.ons given in Table 1 below. The resul.tant 

mixtures each was kneaded and melt-mixed by means of a uni versa1 

a.gitato:r and then cool.ed to room temperature to prepare desired 

resin eomposi tions for semiconductor eneapsuJ.a.tion. The 

2 5 kneading conditions were as fo11ows. The epoxy resin and the 

acid anhydride were first charged in to the agitator and mixed 

together at 1~0°C for 20 minutes. Thereafter, the temperature 

of the mixture was lowe:red to 80°C, and the inorganic filler 
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was added thereto. The :resul~t mixture was stirred for 20 

minutes and then cooled to 70°C. 'l'hereto was added the curing 

acce1exator. This mixture was homogenized. b:y stirring :!'or 2 

ndnui:es. 

5 

!rab1e 1 (Unit: parts) 

Example Comparative 

1 2 3 4 Example 

Epoxy resin al - - 50 - -
a2 58.2 - - 58.2 290 

a3 - 100 - - -
a4 - - 50 - -

Acid anhydride 61.8 37.3 92.5 61.8 308 

curing cl 7.2 4.4 10.8 - -
accel.e:rai:o.r c2 - - - 11.0 -

c3 - - - - 7.7 
Inorganic dl 138 33.7 126 138 87.2 
:.C.:i.11e:r d2 742 181 674 742 463 

Content of 88 60 80 88 48 
inoJ:ganic £i11er in 
tota1 amount (wt%) 

'l'he resin compositions for semico:nducto:c encapsul.a tion 

of exam.p1es and comparative examples thus obtained were each 

10 measured for viscosity at 2S~C and 80°C b:y means o'J! an E t:ype 

viscometer in accordance with the foregoing methods. These 

resin compositi.ons for semiconductor encapsulation •ere each 

then measured and evaluated for g1ass 'b:ansition temperature 

(i'g), storage stah.i1ity (degree of sedimentation of inorganic 

15 fill.er, degree of change of viscosity) , dischargeabi1i. ty, 

coatabi1ity and pot life in accordance with the fol1owing 

methods .. The semiconducto~ devices produced from the 

foregoinq resin compositions for semiconductor encapsulation 

we:re then measured and eva1uated £or J:eJ.iabili ty in humidity 
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res.istance ·in aceordanc~ with the follo1'ing method. The 

results are set forth in Table 2 below. 

[G1ass t:ransiti.on temperatu:e (Tg)] 

A test piece obtained by curing the resin composition for 

5 semi.conductor encapsulation, which had previous1y been 

defoamed, at a temperature of 150 ° C for 3 hours wa's measured 

for g1ass transit;Lon temperature by means of TMA apparatus 

(model. # MG8 OOc;M) pxoduced by Rigaku Co%p. 'the measuz:ement was 

effected at a temperature rising ~ate cf S°C/mi.nunder a load 

10 of 30 g. The measurements were then plotted with elongation 

as o.rdi.n.ate and temperature as· abscissa to make a g.raph. ~he 

point of intersection of the t:anqentia1 line between S0°C and 

70°c and the tangential line between 200°C and 230°C was defined 

as !rg. 

15 [Storage stability] 

·*1: Degree of sedimentation of inorganic fi11er 

rnto a test tube having an inne.:r diameter of 16 znmc1> and 

a height of 180 :mm was put the resin composition for 

semiconductor encapsulation to a. height of 120 mm. The test 

20 tube was then capped. The test specimen was allowed to stand 

at a te.perature of 25°c for 30 days, and then confirmed for 

the degree of sed.i:n\en ta ti on of ::i.norgani.c fi.1l.er. In order to 

judge .if sedimentation takes place o:r not, the chanqe i.n 

tu:rbidi ty was visually conf:irmed by making ~e use of the fact 

25 that where the inorganic fi.11e:r is sedimented, the 1eve1 of 

turbidity of the resin composition for semi.conductor 

encapsulation changes. 'When the turbidity decreases 

(transparency increases), it is defined that sedimentation 
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takes pl.ace. In some detai1, when the heig'ht of the sedimented 

portion is 1 mm o:r more, it is de.fined that sedimentation takes 

place. 'rhis state :is represented by the mark X. When there 

is no sedimented portion, it i.s defined that no sedimentation 
. ' 

5 takes p1ace. This state is represented by the :mark @. 

*2: Degree of vi.scosi ty change 

'rhe re~in composition for semiconductor encapsu1ati.on 

was a11owed to stand in a 25°C atmosphere for 30 days. ~he 

samp1e was.measured for viscosity before and after aging by 

10 means cf anE type viscometer (m.easu~ing temperature: B0°c (2S 0 c 

for conventiona1 example) . When i:he v.iscosi ty after aging is 

1. 5 times or 1ess that before aging, it :is judged as @. When 

the viscosity after aging is from more th.an 1.S times to 3.0 

times o:r l.ess that before aging, it is judged as 0. When the 

15 viscosity afte:r aging .is from more than 3.0 times to 10 times 

or 1ess thatbef'o:re aging, it is judged as~. When the viscosity 

after aging is more than 10 t:imes that before aging, it :is judqed 

as x. The measurement of viscosity by means of an E type 

viscometer was effected in the same manner as the measu:remeni: 

20 of viscosity at 2S 0 c or B0°C. 

[Dischargeab:i.1.ity, coatabil.i ty] 

For the eval.uaticn of dischargeabiJ.ity, the amount o:f the 

resin composition for semiconductor encapsulation discharged 

through a dispenser under specific time and pressure conditions 

25 was dete:cmined. In some detai1, using a 10 cc syringe produced 

by Musashi Engineering Co., Ltd. and a 'Xype SN-l7G meta1lic 

need1e (inne:c diameter: 2. 4 mm) , the discharged amount of the 

resin composition was measu;red after 10 seconds at a pressure 
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of 49. 05 x 104 N/m2
• When the c:lischarqed amount is 1,000 mg 

. \ 
or mo.re, it is defined as@. Wh.en the.discharged amount is from 

·200 :mg or more to less than 1, 000 mg or more, i1:: is defined as 

0. When the discharged amount i.s from 50 mg or more to less 

5 than 200 m.g or more, it is defined as~- When the discharged 

amount .is 1ess than 50 mg, it is defined as x. When the 

discharged amount is less than 50 mg, the leve1 of encapsu1a~i.on 

of semiconductor with resin is unacceptable. 

10 

[Pot life (viscosity change)] 

~he various resin COIDpOSitions for semi.conductor 

encapsulation were eaeh measured fer viscosi. t-y before and after 

aging at a temperature of 50°C for 72 hours by means of an E 

type viscometer (measuring telnperature: 80°C (25°C for 

conventional example)). When the visc:osi.ty after aging isl .S 

15 times or less that before agi.ng, it .is defined as @. When the 

v.iscosi ty after aging is from more tha~ 1. S ti.mes to 3. 0 times 

or 1ess that before a9'ing, it is defined as 0. When the 

viscosity after aging is from more than 3.0 ti.mes to 10 times 

or 1ess that before ag.ing, ii: is defined as 6. When the 

20 viscosity after aging is more than 10 times that before aging, 

it is defined a:s X. The measurement of v:Lscos:i.ty by means of 

an E type viscometer was effected in the same manner as the 

measurement of viscosity at 25°C or 80°C. 
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5 

hb1e 2 

ExampJ.e Compara-
1 2 3 4 tive 

Exam.ple 

Viscosity 25°C so.lid sol.id solid solid 60 
(Pa·s) 80°C 10 12 95 13 1 

Glass transition 141 130 150 139 140 
temp. (oC) 

Storage *1 @ @ @ 0 x 
stability *2 @ 0 @ 0 x 

Discharqeab.i.lity, @ @ ~ @ @ 
a'Dl)licabi1ity 

Pot life @ @ @ 0 .6 

*1: Degree of sedimentation of inorganic filler 

*2; Deg:ee of viscosity change 

'nle resu1 ts g.i ven in Tab1e 2 show the following. All the 

compositions of the Examp.les showed no sedllnentation of 

inorganic filler and had a prolonged pot life and excel.lent 

storage stability as compared with the com.position of the 

Compa:rati ve Example. The compositions according to the 

10 invention further had excellent clischargeability and 

applicab.i.li ty. Furthermore, the compositions of Exam.pl.es l to 

3 had a fa:r l.onger pot l.:i.fe and exceeding1y high storage 

stab.i1i ty as compared with epoxy resin composi t:i.ons for 

semiconductor encapsu1ation. containing a commercially 

15 avail.able microeapsu1e type curing aeee1erator, because they 

contained a specif~c micxocapsu1e type curing acce1erator as 

a iatent curing aece1e~ator. 

::tn contrast, the composi.ti.on of the Comparative Example 

showed impaired storage stability and had a shortened pot life 

20 because the curing accelerator used therein was not a latent 
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5 

.curing accelerator. 

The presel?-t invention wil1 be further described in the 

following exampl.es of process for the production of the 

foregoing semiconductor devices . 

. EXAMPLE 5 

The res.in composition for semiconductor encapsulation 

prepared in Example 1 was previously defoamed; at a temperature 

o:f 70 ° c i.n vacuo. A semi'conductor device was then produced from 

the res.in composition thus def oam.ed as follcws. In some detai1, 

10 a w:i.:c:i.ng c:i.rcui.t board having semiconductor elements mounted 

thereon wherein· the two components a:re e1ectricall:y connected 

to each ether with a bonding wi:re was prepared. ~e resin 

composition for semiconductor encapsulation which had been 

heated to a temperature of 70°C was then app1ied to the wiring 

15 circuit board and semiconducto:r elements whi.ch had previous1y 

been heated to a temperature of 70°C at a pressure of 0.67 kPa 

by printiug through an opening in the mask. Subseqaent1y, the 

pressure of the atmosphere was :raised to 20 kPa to remove voids 

contained .in the resin composition fo:c semiconductor 

20 encapsulation thus applied. The resin composition for 

semiconductor encapsul.ati.on which had been heated to a 

temperature of 70°C was then. used to fi.nish printi.ng w.itb the 

pressure of the atmosphere being kept to 20 kPa. 'l'hereafter, 

the resin composi. ti on for sem.iconducto:r encapsu1ation was 

25 thermoset at a tem.pexature of 120°C for 16 hours to fo::r:m. an 

encapsu1ating resin layer in such an arrangement that the 

semi.conductor elements are encapsulated. In this manner, a 

cavity fill type of semiconductor device was produced. 

48 -



EXAMPLE 6 

The resin composition for semiconductor encapsulation 

prepared in Example 1 was previous1y defoamed at a temperature 

of 7 o ° C in vacuo . 'Xhe :resin composi. ti on thus defoam.ed was then 

5 used to produce a semiconductor device. :In some detail, the 

resi.n com.position for semiconductor encapsulation which had 

been heated to a temperature of 70°C w~s applied to a wiring 

cireui. t board which had previousl.y been heated to a temperature 

of l00°C thl:ougb a clispenser so that the wiring circuit board 

l O was petted. 'l'he::r:eafter, using a fl.i.p chip bonder / 

semi.conductor elements (.size: 9. 5 mm x 9. 5 llml.) were placed on 

the wiring circuit board, the semiconductor e1ements and the 

wiring circ~itboardwere then e1ec~rically connected to each 

other with connecting electrode portions under hot pressing 

15 conditions (140°C x 20 N x 60 mi.n. + 220°c x 5 N x 2 min.), and 

at the same tlln.e, an encapsu1at:ing resin layer was fozmed in 

the gap between the wi.ring ci.rcui t board and the· s~iconductor 

elements. :In this :manne~, a semiconductor was produced ?Y .f1ip 

chip mounting. 

20 EXAMPLE 7 

The resin composition for semi.conductor encapsu1ation 

prepared in Example 1 was previous1y defoamed at. 70°C i.n vacuo. 

Using thi.s resin composi ti.on, a semiconductor device was 

produced in. the f o1lowing-mauner. A wiring circuit boa.rd having 

25 semiconductor elements mounted thereon with connecting 

e1ectrode po.rt.ions interposed therebetween was prepared. 

Subsequently, the gap between the wiring circuit board and 

semiconductor elements which had been heated to 100° C was £illed 
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by means of a dispenser with the re~in composition for 

semiconducto:c encapsu1ation heated to 70°C. Thereafter, the 

resin composition applied was cured by heating at 120°C for 16 

hours to foxm. an encapsulating res.in I.ayer in the gap between 

S the wiring circuit board and the semi.conductor e1ements. Thus / 

a semiconductor device was produced by flip chip mounting . 

. EXAMPLE .8 

The resin composition fo:c semiconductor encapsulati.on 

prepared i.n Examp1e 1 was previously defoamed at 70°C in vacuo. 

10 Using this :resin composition, a semiconductor device was 

produced in the f ol.J.owi.ng manner. A wiring ci.rcui. t board having 

semiconductor e1ements mounted thereon with connecting 

el.ectrode portions i.nte%posed therebetween _was prepared. 

Subsequentl.y, the gap between the wiring circuit board and 

15 semiconductor e1ements which had been heated to 70°C was fi.l.l.ed 

with the resin composition for semiconductor encapsu1ation 

heated to 70°C 1 by means of a dispenser in a vacuum of 0. 67 kPa. 

':hereafter, the resin oomposi tion applied was cu:red by heating 

at 120°C fo:c 16 hours to £o%m an encapsulating resin 1ayer in 

2 0 the gap between the wiring ci:ccu.i t board and the semiconductor 

e1ements . Thus, a semiconductor device was produced by fl.ip 

ch.ip mounting. 

EXAMPLE 9 

The reain composition fo:c semi.conductor encapsu1ation 

25 prepared in Examp1e 1 was previous1y defoamed at 70°C in vacuo. 

Using this :cesi.n composi t.:ion / a semiconductor device was 

produced in the f ol1owing manner. A wiring oi.roui t board having 

semiconductor elei:nents mounted thereon with connecting 
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electrode portions inte:J:posed therebetween was prepared. 

Subsequently, the gap between the wiring circuit board and 
. . 

semiconductor el.em.ents which had been heat.ed to 70°C was filled 

with the resin composition for semiconductor encapsulation 

5 heated to 70°C, by means of a dispenser in a vacuum. of 0. 67 kPa. 

Thereafter, the ambient pressure was retu::i:ned to atm.osphe:ric 

pressure and the gap was .fu:rthe: filled wi.th the res:in 

composition for semiconductor encapsulation heated to 70°C 

(differential pressure f:illing) • ~e resin composition thus 

10 app1ied was cured by heating at 120°C :for 16 hours to fo%D1 an 

15 

encapsulating- resin layer in the gap between the wiring c.ircui t 

board and the semiconductor elements. Thus, a semiconductor 

device was produced by £1ip chi.p mounting. 

EXAMPLE 10 

The resin composition for semiconductor encapsulation 

prepared in Examp1e 1 was previously defoamed at 70°C in vacuo. 

Using this resin com.posi t:ion, a semiconductor device was 

produced in the fol.J.owing manner. A wiring ci.rcui t boa:rd which 

had been heated to 100°C was potted by app1ying thereto with 

20 a dispenser the res1n composition for semiconductor 

encapsulation heated to 70 ° C. '?'hereafter, us:ing a flip chip 

bonder, semiconductor e1ements were p1aced on the wiring 

circuit board and electrically connected thereto with 

connecting electrode porti.ons by the:rmocompression bonding 

25 (conditions: 140°C x 20 N x 60 min + 220°C x S N x 2 min). By 

this treatment, an encapsu1ating resi.n layer was simultaneous1y 

fo:z:med in the gap between the wiring circuit board and the 

semiconductor elements. Thus, a semiconductor device was 
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produced by f1ip chip mounting. 

EXAMPLE 11 

'l'he resin composition for semiconductor encapsu1ation 

prepared i.n Example l was p:cevious.ly defoam.ed at 70°C in vacuo. 

5 Using this resin composition, a semiconductor device was 

produced in the following manner. Semiconductor elements 

which had been heated t~ 100°C we.re potted by app1yin9 thereto 

with a dispenser i:he resin composition for semiconductor 

encapsulation heated to 70°C. The:r:eafte:c, using a flip chip 

10 bonder, a wiring circuit board heated to 70°C was placed on the 

seuaiconductor elements and e1ect:cica1ly connected thereto with 

connecting elec'b::ode portions .by thexmocom.pression bonding 

(c::ond.itions: 140°C x 20 N x 60 min+ 220°C x 5 N x 2 min). By 

this treatment, an encapsu1ating res:in layer was simu1taneousl.y 

15 fo:cmed in the gap between the wiring circuit boazd and the 

semiconductor elements. Thus, a. semiconductor device was 

produced by flip chip mounting. 

EXAMPLE 12 

~e resin composition for semiconductor encapsulation 

20 p:repared in Examp1e 1 was previ.ous1y defoamed at 70°C in vacuo. 

Usi.ng- this resin composi t.ion, a sem:Lconductcr device was 

produced in the following manner. A wiring circuit boa:r:cl which 

had been heated to 7 0 ° c was potted by applying thereto with a 

dispenser in a vacuum o~ 0.67 kPa the resin composition ~or 

2 5 semi.conductor e:ncapsul.a tion heated to 7 0 ° C. 1'hereaf ter, using 

a flip chip bonder, semiconductor eJ.ements were placed on the 

wiring circuit board and e1ectrica11y connected thereto with 

connecting e1ectrode portions ·by thei=mocompression bonding 
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(conditions: 140°C x 20 N x 60 min + 220°C x 5 N x 2 min). By 

this treatment / an encapsulating resi.n 1ayer was simu1 taneously 

formed in the gap between the wiring circuit board and the 

semiconductor e1ements. 'nlus, a semiconductor device was 

5 produced by f1i.p chip mounti.ng. 

EXAMPLE 13 

~e resin c~osition £or semiconduc~or encapsulation 

prepared in Examp1e 1 was previously defoamed at. 70°C in vacuo. 

Usi.ng this :resin composition, a semiconductor device wa.s 

1 O produced in the foll.ow:i.ng manner. Semiconductor elements 

which had been heated to 70 ° C were potted by app1yi.ng thereto· 

w.ith a dispenser in a vacuum of 0.67 kPa the resin composition 

for semiconductor encapsulation heated to 70°C. !'hereafter, 

using a f1ip chip bonder, a wi.rinq ci.rcuit board heated to 70°C 

15 was placed on the semi.conductor elements and electrical.ly 

connected thereto with connecting electrode portions by 

thermocompression bonding (conditions: 140°c x 20 N x 60 min 

+ 220°C x S N x 2 min) . B7 this treatment, an encapsulating 

xesi.n l.aye::r was simult~~ous1y formed in the gap between the 

2 0 wiring eireui t board and the semi.conductor elements. 'l'hus, a 

semi.conductor device was produced by- fl.ip chip mounting. 

EXAMPLE 14 

The resin compositi.on for semiconductor eneapsu1ation 

prepared in Examp1e 1 was previously defoamed at 70°C in vacuo. 

25 Using thi.s ::resi.n composition, a semiconductor device was 

produced in the fol.lowing manner. The resin c010.pos1tion for 

semiconductor encapsulation heated to 70°C was app1ied to 

seDLi.conductor el.exnents which had been heated to 70°C, by 

- 53 -



printing through openings fo:z:med in a mask. Thereafter, using. 

a £1.ip chip bonde::c, a wiring c:i.rcuit .board heated to 70°C was 

p1aced on the semi.conductor e1emen.ts and e1ect:ica11y connected 

i:hereto with connecting electrode portions 

5 the:rm.ocompress.ion bonding (conditions: 140°C x 20 N x 60 min 

+ 220°C x 5 N x 2 min) . By th.is treatment, an encapsu.1ating-

10 

re~.in 1aye.r was simultaneou.sJ.y formed in the gap betw~n the 

w.i:r.ing circuit board and the semiconductor elements . Thus , a 

sem:i.conductor·device was produced by flip chip mcunting. 

EXAMPLE 15 

The resin composition for semiconductor encapsulation 

prepared in Example l was previous1y defoamed at 70QC in vacuo~ 

Using i:his resin composi. tion, a semiconductor device was 

produced :in the f ollow:ing manner. '.rhe :resin compos:L t:Lon for 

15 semiconductor encapsu1ation heated to 70°C was applied to a 
wir:i.ng circuit board which had been hea~d to 70°C, by printing-

through openings :fo::cmed in a mask. !L'he.reafte.r, using a f1.:f.p 

ch:i.p bond.er, semiconductor elexnents were placed on the wiring 

circuit board and e1ect;rically connected thereto with 

20 connect:i.ng eiectrode port:i.ons by therm.ocompression bond:i.nq 

(conditi.ons.: 140°C x 20 N x 60 min + 220°C x S N :x 2 min.). By 

this treatment, an encapsu1ating res.in 1ayer was sim.u1taneous1y 

fo:r:med in the gap between the wiring circuit boa.rd and the 

semiconductor elements. Thus , a .semiconductor device was 

25 produced by f1ip chip mounting. 

EXAMPLE 16 

~he resin composition for semiconductor encapsulation 

prepared i.n Example l was p:revi.ously defoa.med at 70°C in vacuo. 
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Using this .resin composition, a semiconductor devi.ce was 

p:rodu!Oed in the f o1l.owi.ng manner. ~e resin compcs:i. ti on for 

semiconductor encapsulation heated to 70°C was applied to 

semi.conductor e1ements which had been heated to 70°C, in a 

5 vacuum of 0. 67 kPa by printing through openings f oz:med :in a mask. 

Thereafter, using a f1ip chip bonder, a wiring circuit board 

heated to 70°C was pl.aced on the semiconductor e~ements and 

electr.ical.ly connected the:reto with connecting electrode 

po.rt.ions by thermocompression bonding (conditions: 140°C x 20 

10 N x 60 min + 220°C x S N x 2 min) . By this treatment, an 

enoapsu1a ting resin l.aye:r was s:i.mul. i:aneously foJ:med in the gap 

between the wiring circuit board and the semiconductor el.ements. 

!'bus, a semiconductor device was produced by f1ip eh:ip mounting. 

:S:DMPLE 17 

15 ~he .resin composition for semiconductor encapsu1ation 

p.repa:red in Example 1 was previously defoamed at 70°C :in vacuo. 

Using this resin ·compos:i. ti on, a sem.i.conducto:r device was 

produced i.n the foll.owing manner. The .resin composi. ti on :for 

semiconductor eneapsu1ation heated to 70°C was applied to a 

20 wiring circuit board which had been heated to 70°C, in a vacuum 

0% 0.67 kPa by printing through openings formed in a mask. 

'lhe:reafter, using a f1ip cliip bonder, semiconductor el.ements 

(si:z:e: 9. 5 mm x 9. S mm) were p1aced on the wiring circuit board 

and e1ectrical1y connected thereto with connecting e1ectrode 

25 portions by the:rm.ocom.pression bonding (conditions: 140°C x 20 

N x 60 min + 220°C x 5 N x 2 min). By this treatment, an 

encapsu1ating resin layer was simultaneously fo:cmed in the gap 

between the w~.r.ing circuit board and the sem.iconductor e1emen ts . 
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Thus, a semiconductor device was produced by f'lip chip mounting. 

EDMPLZ 18 

The resin ccm.position for semiconductor encapsulation 

prepared in Example 1 wa.s previously defoamed at 70°C in vacuo. 

· 5 Usi.ng this resin composi. tion, a semiconductor devi.ce was 

produced in the fcllowinq manner. A wiring circuit board having 

semiconducto:r e1ements inounted thereon was prepared in which 

the el.ements were electrically connected to the circuit board 

with bonding wires. '!he semiconductor elements which had been 

1 O heated to 100 ° C were potted by applying thereto with a dispenser 

the resin composition for semi.conductor encapsulation heated 

to 70°C. Thereafter, the :resin composition app1ied was cured 

by heating at 120°C for 16 hours to fo:cm an encapsulating resin 

1ayer i.n which the semiconductor elements were encapsula. ted. 

15 Thus, a cavi.ty fill. type semiconductor device was produced. 

EXAMPLE 19 

The resin composition for semiconductor encapsu1ation 

prepared in Example l was previous1y defoained at 70°C in vacuo. 

Usi.ng this resin composition / a semiconductor device was 

2 0 produced in the f o11owing manner. A wiring circuit board having 

semi.conductor elements :mounted thereon was prepared in which 

the e1emen ts were e1ect:rical.1y connected to i:he ci:rcui. t board 

with bonding wires. The semiconductor elements which had been 

heated to 70°C were potted by app1yinq thereto with a dispenser 

2 5 in a vacuum of 0. 67 kPa the resin composi ti.on for semiconductor 

encapsu1ation heated to 70°C. Thereafter, the resin 

composition app1ied was cured by heating at 120°C for 16 hours 

to form an encapsulating resin 1ayer in which the semiconductor 
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elements were encapsulated. 'l'hus, a cavity fill ~ 

semiconductor device was produced. 

EXAMPLE 20 

~he resin composition for semi.conductor encapsulation 

5 prepared i.n Example 1 was previously defoam.ed at 70°C in vacuo. 

Us.inc; this resin composi. t.icn, a semi.conductor device was 

produced .in the following manner. A w.i:ring ci.rcui t board having 

semiconductor e1ements mounted thereon was prepared in which 

the elements were e1ectr.ica11y connected to the circuit board 

10 with bonding" wires . 'l'he resin compcsi ti.on for semi.conductor 

encapsulation heated to 70°C was appl.ied to the semiconductor 

elements which had been heated to 70°C, by printing through 

opening-s fo:cned in a mask . Thereafter, the :resin composition 

applied was cured by heating at 120°C for 16 hours to fo%m an 

15 encapsulating resin l.ayer in which the .semiconductor elements 

were encapsulated. Thus, a cavity f.:i.11 type semiconductor 

device was produced. 

EXAMPLE 21 

The resin composition for semiconduct~r encapsu1ation 

20 prepared .in Example 1 was previous1y defoamed at 70°C in 'V'acuo. 

Using this resin com.pos.i ti on, a semiconductor de.vice was 

produced :in the foll.owing manner. A w::J..ring c.i:rcu.i t board having 

semiconducto• elements mounted thereon was prepared i.n which 

the e1ements were a1ectrica11y connected to the circuit board 

2 5 w:i th bonding wires . 'l'he resin composition for semiconductor 

encapsulation heated t.o 70°C was app1i.ed to the semiconductor 

e1ements which had been heated to 70°C, in a vacuum of 0. 67 kPa 

by pr in t.ing through openi:n9s f o:aned in a mask. Thereafter, the 
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re.sin composition ·app1ied was cured by heating at 120°C for 16 

hours to form an encapsulating :resin layer in ~hich the 

semiconductor elements were encapsu1ated. 'l'hus, a cav.i ty fi11 

type semiconductor device was produced. 

5 EXAMPLE 22 

The resin composition for seniiconductor encapsu1ati.on 

prepared in Example 1 was previo~s1y defoam.ed at 70°C in vacuo. 

Us.ing this resin composition I a semi.conducto.r device was 

produced in the fo11ow.ing manner. A wiring circuit board having 

1 O semi.conductor elements mounted thereon was prepa.xed in which 

the e.lements were electrica11y connected to the c.i:rcuit board 

with bonding wires . The resin composition for semi.conduct:or 

encapsulation heated to 70°C was applied to the semiconductor 

e.lements which had been heated to 70 ° C, .i:n a vacuum of 0. 67 kPa 

15 by pr.in ting through openi.ngs fo:r:med in a mask. Subsequentl.y, 

the ambient pressure was adjusted to 20 kPa to remove voids 

contained in the :resin composition for sem!i.conductor 

encapsulation thus applied. Whil.e mai.ntaining the ambient 

pressure of 20 kPa, finish printing was .conducted with the resin 

20 composition for semi.conductc: encapsu1ation heated to 70°C. 

~ereafter; the resi.n compos:i t:ion applied was cured by heat.ing 

at 120°C for 16 hou:rs to fo%1Jl an encapsu1ating resin layer in 

which the semiconductor e1em.ents were encapsu1ated. Thus, a 

cav~ty fi11 type semi.conductor device was produced. 

25 EXAMPLE 23 

The semiconducto::r: device produced in Example 12 was 

placed on a mounting board (mother board) and electrica11y 

connected thereto, and this structure was heated to 100°c. 
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Thereafter, the gap between the mounting- board and the 

semiconductor dev.ice was fi1led by means of a dispenser with 

the resin c:omposi tion for semiconductor encapsulation prepared 

in Example 1 tvhich had been heated to 70°C. The resin 

5 composition applied was cured by heating at 120°C for 16 hours 

to ::Co.z::m an encapsu1ating resin layer in the gap between the 

semiconductor device and the mounting board. !l'hus, a 

seirdoonductor product was produced. 

The encapsulating resin 1ayer of each of the 

10 sem:iconductor dev.i.ces and semi.conductor product thus obta.:ined. 

was visual1y examined for the pZ"esence of bubbles therein. The 

resu1ts obtained are shown in Tables 3 to S. 

15 

20 

:t'al>le 3 

Exampl.e 
5 6 7 8 9 10 11 12 13 

E':esenee o'I! slight sli!!lh't Sl:i.ght none none s1ight .sl.:i9ht nono none 
bubl>J.e~ 

Example 
14 15 16 17 18 19 20 

Presence s1ight s1ight none none medium slight medium 
of bubb1es 

Table S 

Example 
21 I 22 I 23 

Presence of bubbles slight I none I sl.ight 

The resu1ts given in Tables 3 to 5 show that a11 the 

semiconductor devices and sentlc:onductor product excluding the 

semiconductor devices of Examp1es 18 and 20 we:re satisfactory 
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.in that no or a slight amount of bubbles were observed in the 

encapsulating resin layer. 

Examp1es of the process for the production of a 

semi.conductor device comprising the resin composi. tion for 

5 semi.conductor encapsu1ation of the invention provided on a 

semiconductor wafer and a matrix wiring circuit board wi11 be 

described hereinafter. 

EXAMPI.B 24 

!l'he resin composition for semiconductor encapsulation 

10 prepared in Example 1 was previous1y defoamed at a teinperature 

of 70°C in vacuo. A semiconductor dev.ice (wafer 1eve1 CSP) was 

then produced from the resin composition thus defoa.med as 

follows. Xn some d.etai1, the resin' composition for 

· semiconductor encapsulation was applied to the protruding 

15 el.ect:rode po.rt.ion side of a semiconductor wafer having a 

pl.urali ty of semiconductor elements with protruding electrode 

portion fo%'Dl.ed thereon which had been previously heated i:.o a 

temperature of 70°C through a di.spenser to a thickness of 150 

fJJD to f o::cm a .resin layer. 'l'he :resin composi ti.on thus app1ied 

20 was defoamed at a pressure of 0. 67 kPa, and then the:anoset at 

a t:emperatu.re of 120°C for 16 hou.rs to fo:z:m an encapsulating 

resi.n layer. Thereafter, the resi.n portion was polished in such 

a manner that the fo:rward end of the protruding electrode 

portion was exposed to the exterio.r of the resin 1aye:c. The 

25 semiconductor wafer was then cut into pieces by a dicer to 

produce semiconductor devices (wafer level CSP) • 

EXAMPLE 25 

The resin composition for semiconducto.r encapsulation 
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prepared in Example 1 was previously defoamed at a temperature 

of 70°C .in vacuo. A semiconductor device (wafer level CSP) was 

then produced from the resin composition thus defoamed as 

fo11ows. In some detail, the resin composition for 

5 semi.conductor encapsulation was applied to the protruding 

electrode portion s.icie of a semi.conductor wafer having a 

plural..i ty of semiconductor elements with protrudi.ng e1eotrode 

portions formed thereon which had been previously heated to a 

temperature of 70°C by printing through an opening in the mask 

10 at a pressure of O, 67 kPa to a thickness of 150 µm. 'l'he resin 

com.position thus appl.ied was defoamed in a vacuum cf 0. 67 kPa 

and then thermoset at a temperature of 120°C for 16 hours to 

fo:cm an encapsulating resin layer. Thereafter, the resin 

portion was poli.shed in such a manner that the fo:r:wa:d end of 

15 each protruding e1ectrode portion was exposed on the 

encapsulating resin 1ayer. ~he semiconductor wafer was then 

cut into pi.eces by a dicer to produce semiconductor devices 

(wafer 1e'7el CSP) . 

EDMPI.J: 26 

20 ~he resin composition for semiconductor encapsul.ation 

prepared in Exampl.e 1 was previous1y defoa:m.e~ at a temperature 

of 70 ° C i.n vacuo. A sem.iconducto:r device (wafer 1eve1 CSP) was 

then produced from the resin composition thus defoamed as 

fo1lows. In some detail, the resin composition for 

2 5 semiconductor encapsu1a tion was app1ied to the protruding 

electrode portion side of a semiconductor wafer having a 

plurality of semiconductor elements with protruding electrode 

po;r;tions formed thereon which had been previously heated to a 
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temperature. of 70°C by printing throuqh an opening in the mask 

at ·a pressure of O . 67 kPa to a thi.c:kness of 150 µm.. Thereafter, 

the pressure of the ataaosphere was returned to 20 kPa where the 

resin composi ti.on was defoamed. Subsequently / the 

5 semiconducto~ wafer was subjected to finish printing at a 

press~re of 20 kPa. Thereafter, the :res.in composition thus 

app1iedwas then thermoset at a temperature of l20°C for 16 hours 

to fozm an encapsulating resin 1ayer. Thereafter, the resin 

po:r:tion. was polished in such a manner that the fo.rward end of 

10 each protruding electrode portion was exposed on the 

encapsu1ating resin layer4 The semi.conductor wafe:r was then 

cut into pieces by a dicer to produce semiconductor devices 

(wafer 1eve1 CSP). 

15 

EXAMPLE 27 

A plurality of semiconductor elements were mounted on a 

matrix wiring oi.rcu.it board having indiv.idua1 wiring circuits 

for.med thereon with bonding wires. A semiconductor device 

(I!aP-BGA process) was then produced from the resin composition 

for semiconducto~·encapsu1ation 0£ Examp1e 1 which had been 

2 O defoamed at a t.empe~ature of 7 0 ° C as fo1lows. ::Cn some detai.1, 

the :res:i.n composition for semi.conductor encap.su1ation was 

app1ied to the enti.:re surface of semiconductor el.ements mounted 

on the matrix wi:ing ci~cuit board which had been p:r:evious1y 

heated to a temperature of 70°C through a dispenser to fo.:cm. a 

25 resi.n in such an arrangement that the semi.conductor e1ements 

were encapsu1ated. The resin layer thus formed was then 

defoamed at a pressure of 0. 67 kPa. The resin composition thus 

app1ied was then ther.rnoset at a temperatu:ee of 120°C £or 16 hours 
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to form an encapsulating :resin 1aye:r. The matrix wiring circuit 

board was then cut in.to pieces by a dicer to produce 

semiconductor devices (MJU>-BGA process) . 

EXAMPLE 28 

A plurality of seiili.eonductor elements we:r:e mounted 

through bonding wi.res on a matrix wiling c:ircui t board having 

i.ndivi~ua1 wiring circuits fo:z:med thereon. Using the r~sin 

compositj.on fo:r semiconductor encapsulaticn prepared in 

Examp1e l which had been previously defoamed at 70°C iu vacuo, 

10 semiconductor devices (MAP-BGA process) were produced in the 

£o11ow.ing manner. The resin com.position £or semiconductor 

encapsulation was applied to the entire surface of the 

semiconductor e1ements which were mounted on the matrix wiring 

circuit board and had been heated to 70°C, in a vacuum of O. 67 

15 kPa by printin9 th:rou9~ an opening fcz:med in a mask. The :resin 

composition thus app1ied was then cured by heating at 120°C for 

16 hours to fo.:cm an encapsu1ating resin J.ayer. The%eafter, the 

matrix wiri.ng circuit boa:rd was cut into pi.eces wii:h a clicer 

to produce sexaiconductor.devices (MAP-BGA process). 

20 EXAMPI.B 29 

A p1u::ral.ity of semi.conductor elements we:re mounted 

through bonding wires on a matrix wiring circ::uit board having 

individua1 wiring circuits fo.rmed thereon. Using the resin 

composition for semiconductor encapsulation prepared in 

25 Exampl.e l which had been previously defoam.ed at 70°C i.n vacuo, 

semiconductor devices (MAP-BGA process) were produced in the 

£o11owing manner. The resin com.position for semiconductor 

encapsu1ation was applied to the entire surface of the 
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seniconductor el.em.ents which were mounted on the matrix wiring 

circui. t board and had been heated to 70 ° C, i.n a vacuum of 0. 67 

kPa by printi.ng through an opening formed in a mask. 

Subseqaently, the ambient pressure was :r:etu:rned to 20 kPa to 

5 def oam. the x:esin composition, and f ini.sh printing wa.s fuxther 

conducted in a vacuum of 20 kPa. The resin composi. tion thus 

app1ied was then eured by heating at 120°C £or 16 houx:s to fo.:cm 

an enc:apsula.ting resin l;:Lye:r. Thereafter, the matrix wiring 

ci%cuit board was out into pieces with a di.cer to produc:e 

10 semiconductor devi.ees (MAP-BGA process). 

EXAMPLE 30 

The :resin composition for semi.conductor encapsulation 

prepared in Example 1 was previously d.efoamed at a temperature 

of 70 ° C in vacuo. A semi.conductor device was then produced 

15 u.s:i.ng the resin composition thus defcamed by fl.ip eh.ip mounting 

as follows. :tn some detail, the resin composition for 

semiconductor encapsulation was app1.ied to the protruding 

e1ec:trod.e port.ion side of a . semiconductor wafer hav.:lng a 

pl.ura1ity of semiconductor e1em.ents with protru.di:ng electrode 

20 port.ions fo.rmed the:recn wh:ich had been prev.ioasl.y heated to a 

tempe:ratu:e of 70°~ through a dispenser ~o a thickness of SO 

µm to foxm a resin J.aye:r. ~hereafter, the semi.conductor wafer 

was cut into pieces by a dicer. Subsequent1y / using a f1i.p ch.ip 

bonder, a w.i:r.ing circuit board which had been previously heated 

25 to a temperature of 70°C and the semiconductor el.ements thus 

separated we.re hot-pressed (conditions: 1~0°C .le 20 N x 60 mi:n 

+ 220°C x S N x 2 min) with the wiring ei.rcuit board and the 

res.in layer side of the semiconductor elements be.ing opposed 
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to each other. In this manner, the semiconductor e1em.en.ts and 

the wiring circuit board were electrical1y connected to each 

other with the protruding e1ec:trode portion, and at the same 

time / an encapsulating resin 1ayer was formed in the gap between 

5 the w.i.ring ci.rcui. t beard and the semi.conductor elements. As 

a :resu1t, a semi.conductor device was produced ·by flip chip. 

mounting. 

EXAMPLE 31 

The resin compositi.on for semiconductor encapsulation 

10 pz-epared in Example l was previously defoamed at a temperatU?:e 

of 7 O I> C in vacuo. A semiconductor device was then produced from 

the resin composition thus defoamed by flip chip mounting as 

fo11ows. ln some detail, the resin composition for 

semi.conductor encapsulation was applied to the protruding 

15 e1ectrode portion side of a semiconductor wafer having a 

p1u:ra1i ty of semiconductor elements wi. th prot:cuding electrode 

portions formed thereon which had been p:rev:i.ously heated to a 

temperature 0£ 70°C by printinq through an opening in the mask 

to. a thi.ekness of SO µm. Thereafte:r, the semicoudu.cto;r wafer 

2 0 was cut in.to pieces by a dicer. Subseqa.ent1y, using a :fl.i.p chip 

bonder, a wiring ciroui. t board which had been p:revi.ousJ.y heated 

to a temperature of 70°C and the semi.conductor e1ements thus 

sepa::rated were bot-p::ressed (conditions: l40C>C x 20 N x 60 min 

+.220°C x 5 N x 2 min) with· the wiring circuit board and the 

25 resin 1ayer side of the semiconductor e1ements being opposed 

to each other. :rn thi.s manner, the sem:i.conductor e1em.ents and 

the wiring circuit board were electrically connected to each 

other with the protruding- electrode portion, and at the same 

liili~f 
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time, an encapsulating resin layer was fo:cmed i.n the.gap between 

the wi.ri.ng oireui t board.. and. the semiconductor elements. As 

a resu1t, a semiconductor device was produced by fl.ip chip 

:mounting. 

EXAMPLE 32 

The resin composition for semi.conductor eneapsu1ation 

px-epared in :Examp1e l. was previously defoam~ at a temperature 

of 7 O 0 c in vacuo. A semiconductor device was then produced from 

the resin composition thus defoamed by flip chip mountj.ng as 

10 f ol.J.011s • In some detail , the resin composi ti.on £or 

semiconductor encapstt1ation was app~ied to the protruding 

e1ectrod.e portion side of a semiconductor wafer having a 

plurality of .seiaiconductor elements with prot::r:udi:ng e1ectrode 

portions fo.rmed thereon which had been previous1y heated to a 

15 tempe:ratu:re of 70°C by p:intinq through an opening in the mask 

to a thickness of 50 µm. The resin composition thus app1ied 

was then defoamed at a pressure 0£ 0.67 kPa. 'l'bereafte:e, the 

semiconducto: wafer was cut into pieces by a dicer. 

S'Ubseqaently / using a f'l.;i.p chip bond.e:c, a wi:r:ing c;i::ccui t board 

20 which had been p.revious1y heated to a temperature of 70°C and 

the semiconductor e1ements thus separated were ho.t-pressed 

(conditions: 140°C x 20 N x 60 min + 220°C x 5 N x 2 min) with 

th& wiri.ng circuit board and the resin J.ayer side of the 

semiconductor el.ements being opposed to each other. .I:n this 

25 manner, the semiconductor el.ements and the wi.ri.ng circuit board 

were el.e_ctrically connected tc each other wi. th the prot:ruding 

elect.rode portion, and at the same time, an encapsulating resin 

1ayer was fol:ll'led .in the gap between the wiring circuit board 
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and the semiconductor elements. As a result / . a semiconductor 

devi.ce was produced by f1ip ch.ip mounting. 

EXAMPLE 33 

The resin composition for semiconductor encapsu1ation 

5 prepared i.n Examp1e 1 was previously defoamed at a temperature 

of 70°c in vacuo. A semiconductor device was then produced from 

the resin composition thus de:foamedby flip chip mounting as 

follows. In sgme ·detail., the resin composition for 

semi.conductor encapsulation was applied to the protruding 

10 el.ectrode portion side of a semiconductor •afer having a 

plurality of semiconductor elements with protruding e1ectrcde 

portions fonned thereon which had been p:z::oeviously heated. to a 

tempe.:rature of 70°C by printing at a pressure of 0. 6? kPa through 

an cpeni.ng i.n the mask to a thickness of 50 µm. Thereafter, 

15 the pressure of the atmosphere was returned. to 20 kPa where the 

resin com.position thus applied was then defoamed. 

S~sequent1y, the semiconductor wafe% was subjected to finish 

pri.nting at ap:ressu:re of' 20 kl?a. Thereafter, the semicon.ductc:r 

wafe.r was cut into pieces by a dice:r. Subsequently, using a 

2 0 fl.i.p chip bonder, a wiring c.ircui t board which had been 

previous.ly heated to a temper:atu:ce· of 70 ° c and the sem.icon.ducto:r 

e1ements thus separated were hot-pressed (conditions-: 140°C x 

20 N x 60 min+ 220°C x SN x 2 min) with the wiring ci:rcuit board 

and the resin layer side of the semiconductor elements being 

2 5 opposed to each other. :Cn this manner, the semic:onducto:r: 

elements and the wiring circuit board were electrj.call:y 

connected to each other with the prot.%uding electrode portion, 

and at the same time, an encapsulating resin 1ayer was .f o%JD.ed 
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in the gap between the wiring cirQUit board and the 

semiconductor elements. As a resu1 t, a semiconductor device 

was produced by fl~p chip mounting. 

EXAMPLE 34 

The resin composition for semiconductor encapsulation 

prepared in Examp1e 1 was previously de£oamed at a temperature 

of 7 O 0 c .in vacuo. A sem=Lconductor device was then produced from 

the resiu composition thus de£oamed by £lip chip mounting as 

£o11ows. In some detai1, the resin COJD.position for 

1 O semi.conductor encapsul.ation was app1ied to the entire su.xface 

of a matrix wiring circuit board having individual wiring 

circuits formed thereon which had been previously heated to a 

teinpera ture of 7 0 ° c th:cougb a clispenser at a p:cessure of 0. 67 

kPa to £0.:cm a resin layer. !rhereafte.r, the matrix wiring 

15 circuit board was cut into pieces by a diceJ:. Subsequentl.y,. 

us~ng a f1ip chip bonder, semiconductor elements each having 

a p1ura1:i ty of connecting e.leci:rode port:i.ons p:covided thereon 

and the wi:rinq circuit boa:rds thus sepa:rated were hot-pressed 

(conditions: 140°C x 20 N x 60 mi.n + 220°C x 5 N x 2 mi.n) w.ith 

20 the connect1ng e1ectrode portion s~de o~ the sem~conducto: 

e1em.ents and the resi.n layer side o:f the wi.:cing circuit boards 

bei.ng opposed to each other. In this manne:r, the semiconductor 

el.em.en ts and the wiring ci:cui t boards were e1ect:r:ica11y 

connected to each othe:r: with the protruding e1ec::trode portion 1 

25 and at the same time, an encapsu1ating resin 1ayer was for.med 

in the gap between the wiring circuit board and the 

semiconductor e1ements . As a :result, a semiconductor device 

was produced by flip chip mounting. 
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EXAMPLE 35 

~he resin composition for semiconductor encapsul.ation 

prepared in Example 1 was previously d.efoamed at a temperature 

of 70°C in vacuo. A semiconductor device was then produced from. 

5 the resin compos.it.ion thus defoamed by flip ch.i.p mounti:rig as 

fol1ows. Xn some detail, the resin compos.i.tion for 

sem.iconductor encapsul.ation was appl.ied to the enti.i:e surface 

of a matrix wiring circuit board having individual wiring 

circuits fo.:cmed thereon which had been previ.ously heated to a 

10 temperature of 70°C by printing through an opening in the mask 

to form. a resin l.aye:r. 'lhereafte:r, the ma t:rix wiring c.ircui t 

board was cut into pieces by a dicer. Subsequently, using a 

flip chip bonder, semiconductor elements each having a 

pl.u.ral.i ty of connecting electz:ode portions provided thereon and 

15 the wiring circuit boards thus separated were hot-pressed 

(conditions: 140°C x 20 N x 60 min+ 220°C x 5 N x 2 min) with 

the connecting el.ectrode portion side of the semiconductor 

el.ements and the resin layer si.de of the wi:r:i.ng ci:cui t boards 

being opposed to each other. In this manner, the semiconductor 

2 0 el.ements and the wiring c.i:rcu.i t boards were e1ectrica11y 

connected to each othe:r with the protrucling el.ectrode po:r:tion, 

and at the same time, an en~apsulating resin layer was formed 

in the qap between the wi.:ri.:ng circuit board and the 

semic::onduotoJ: el.ements. As a result, a semi.conductor device 

25 was produced by f1ip chip mounting. 

EXAMPLE 36 

The resin composition for semiconductor encapsu1ation 

prepared in Example l was previously def'oamed at a temperature 
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of 7 0° C in vacuo. A semicondu~tor device was then produced from 

the :resin com.position thus defoauaed by f1ip chip moun.ti.ng as 

fol1ows. In some detai1, the resin composition for 

semiconductor encapsulation was app1ied to the entire su::r:face 

5 of a matrix wiring ci%cuit boa::r:d having individua1 wiring 

circuits fo.:z:med thereon which had been previous1y heated to a 

tempe:catare of 70°C by printing through an opening in the mask 

to foJ:Jn a resin layer. The resin l.ayer thus f'o:r:med was then 

de£oamed at a pressure of 0. 67 kPa. ~ereafter, the matrix 

10 wi.:d.ng ci:rcu::Lt board was cut into pieces by a dicer. 

Sul:>sequent1y, using a flip chip bender, semi.conductor el.ements 

each having a. plurality of connecting electrode portions 

provided thereon and ~e wiring ciroui t boards thus separated 

were hot-pressed (conditions: 140°C x 20N x 60 min + 220°C x 

15 5 N x 2 .min) with the connecting electrode po:r:tion side of the 

semiconductor elements and the resin layer side of the wiring 

circu:i. t boards being opposed to each other. I:n th:Ls manner, 

the semi.conductor elements and the wi:r:i.ng ci:rcu:i. t boards were 

e1ectric:ally connected to each other with the protruding 

20 el.ect::rode po::rt:i.o:n, and at the same ti.me, an encapsulating :resin 

25 

layer vas formed i.n the gap between 'the wi:i:ing ci.:rcui t boal:'d 

and the semiconductor elements. As a :result, a semiconductor 

device was produced by flip chip D10tin.t.ing. 

EXAMPLE 37· 

The res1n composit1on fo::r semiconductor encapsu1ation 

prepared i.n Example 1 was p:ceviously d.efoa:med at a temperature 

of 70 ° C in vacuo. A semiconductor device was then produced from 

the resin compositi.on thus defoamed by flip chip mounting as 
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foll.ows. In some ~tail, the resin composition for 

semiconductor encapsulation was app1ied to the entire surface 

of a matrix wiring circuit boa:d having individua1 wiring 

circuits fo%2Ded thereon whi.ch had been previous1y heated to a 

5 temperature of 70°C by printing through an opening .in.the mask 

at a pressure of 0 . 67 kPa to form a resi.n layer. Th.erea£ter, 

the pressure of th~ atmosphere was re~urned to 20 kl?a where the 

resin com.position thus applied was defoamed. Subsequent1y, 

the ma tr.ix wiring c.ircui t board was subjected to fin:i.sh printing 

10 at a pressure of 20 kPa. 1'hereafter, the :matrix wiring circuit 

board was cut into pieces by a diee.r. Subsequent1y, using a 

f1ip chip bonder, semiconductor elements each having a 

p1ura1i t.y of connecting el.ecuode portions provided thereo11 an.d 

the wir~ng ci.rcuit boards thus sepazated were hot-pressed 

15 (conditions: 140°C x 20N x 60 min+ 220°C x S N x 2 min) with 

the connecting electrode portion side of the semiconductor 

elements a11d the resin 1ayer side of the wiring eircui t. boards 

being opposed to each other. :In this manner, the semiconductor 

e1ements and the wi.r:i~g c.ircui t boards were e1ect:rical.ly 

2 0 connected to each other wj_ th the protruding e1eetrode portion, 

and at the same time, an encapsulating resin 1ayer was formed 

in the gap between the wiring circuit boards and the 

semiconductor elements. As a result, a semiconductor device 

was produced by flip chip m.ouftting. 

25 The various semiconductor devices tbus obtained were each 

then visual1y observed for the presence of bubb1es in the 

encapsulating resin layer. 1'he rE;esu1ts are set fo:rth in T'abl.e.s 

6 and 7 below. 
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Tal:>le 6 
Exiimple 

24 25 26 27 28 2.9 30 31 32 
1"%08ClftCCI of sligh~ sUght none slight slight. none alight sl.ight :none 
B~J.es 

T@ble 7 

Example 
33 34 35 36 37 

Presence of noue none s1ight none none 
bubb1es 

'l'he resul.ts given in '?ables 6 and 7 show that the 

semiconductor devices were sat1s£actory ~n. that no or a sl..:i.qht 

amount of bubb1es were observed in the encapsulating resin 

layer. 

As described above, the :resin compos.i ti.en fer 

10 semiconductor encapsulation of the invention compri.ses an epoxy 

resin (component A), an acid anhydride-based curing agent 

(component B) 1 a latent eu:r:.:i.ng accelerator (component C), and 

an inorganic £i11er C component D) ; and has a state and viscos.i ty 

in a spec.ific range at each of 25°C and 80°C. Conseqtiently, 

15 th.is resi.n composition for semiconductor encapsu1ation has a 

prolonged pot 1ife and exce11ent storaqe stab.:i.lity as compared 

with conventional 1iqu:i.d enc:apsulati.ng media. The resin 

composition for semiconducto~ encapsuiation of the invention 

further has exce1lent disc:ha.rgeability and applic:abiJ.i.t:y 

20 because the composi.tion, although so1id o:r semi-solid at :r:OOJl\. 

temperature, shows a rapid viscosity drop and thus can be 

liqaefi.ed at a temperature as low as about from 40 to 80 6 C. 'In 

particular, since the :resin composi ti.on for semiconductor 

encapsu1ation of the invention is solid o~ semi-so1id at 
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o:rdina:ry t~e:r:ature, ·the composition in an uncured state can 

be freely handled at ordinaxy temperature after applied to 

semiconductor e1ements or wiring ci.reui t boards. Accordingly, 

th:i.s :resin c:ompos.i ti.on for semi.c:onducto::t' encapsulation can be 

S used i.n such a manner that a semiconductor wafer or matrix wiring 

ci.rcu.it board or the like is coated with the resin compositi.o:n. 

and then .cut into indi vidua1 elements and wi.Z":ing circui. t board~, 

and the elements are connected to the respecilve wiring circuit 

boaxcls, for example, by thexmocompression bonding with a £1ip 

10 ch.ip bonder. Furthecriore, since the :resin compos:i.ti.on for 

semi.conductor encapsulation of the invention can be stored i.n 

a so1id or semi-so1id state at room temperature, t:he inorganic 

fi.11er (component D) does not sediment. Accorcling1y, the res.in 

composition for semiconductor encapsulation of the invent.ion 

15 can be stored in a sol.id or semi-solid state and then liquefied 

at a low temperature according to need before use, making it 

poss.ible to conduct satisfacto:cy encapsulati.on. As a resuJ.t, 

a semiconductor device having high re1iabil.i ty can be obtained. 

~he res~ compos.iti.on 'l!or semi.conductor encapsu1ation 0£ 

20 tbe i.nventi.on :is a.J.so advantageous in that it has an extremely 

pro1onged pot 1i£e and exceeclingl.y high storage sta:bil.i. ty when 

it contains as the latent curing accelerator (component C) a 

microcapsule type curing acc:elera tor having a core-she11 

st:ructu~e in which a core portion ccmpris~ng a curing 

25 acce1erator is covered by a specific she11 portion. 

Furthermore, the resin composition for semiconductor 

encapsulation of the invention is advantageous i.n that i.t has 

excel.lent flowabil.i.ty and hence excellent dischargeab.ility and 
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appli~abili.ty when it contains as the i:norgan:ic filler 

(component D) a spherical fused siiica powcler in a specific 

proportion based. thereon. 
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1. A resi.n compcsi tion for semiconductor encapsu1ati.on 

whi.c:h c:omp:rises the following components (A) to (D) and which 

has a viscosity as measured at· 25°C of 700 Pa·s or higher o:r 

S is solid at 25°C and has a v.iseosity as measured at B0°C of 500 

10 

Pa·s o.r lower: 

(A) an epoxy resin; 

(B) an acid anhydride-based curing agent; 

(C) a latent curing acc:elerator; and 

(D) an inorganic fil.le:r. 

2. The resin composition for sendconductor 

encapsulation according to C1ailn 1, wherein said epoxy resin 

as the component (A) .is a e:cystal.l.ine epoxy resin. 

3. 'rhe resin composition for semiconducto.:e 

15 encapsul.ation according to C1aim 1, wherei.n sa:id epoxy .resin 

as the component (A) is a po1yfunctional epoxy resin. 

4. ~he resin composition for semioonduotor 

encapsulation according to Clailll l, wherein said 1a tent curing 

accelerator as the component (C) is a microcapsule type curing 

20 acce1erator having a core-she11 structure com.prising a core 

porti.on comprising a curing acce1era~or encapsu1ated with a 

shel.J. portion ma.in1y com.posed of a po1yme: having a structural 

unit represented by the .follow.ing general formula (1): 

25 il ?i ~l 
- N-C-N - (1) 

wherein Ri and R:i, which may be the same o~ different, each 
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represents a hydrogen atom or a monovalent o,:r:ganic group. 

s. The :cesin composition fo:r · semi.condu.ctor 

encapsul.ation according to Cl.aim 4 , wherein the shel1 po:rtion 

of said mic:r:ocapsul.e i;ype eu:cing accelerator as the component 

5 (C) is one formed by reacting at 1east either of the following 

(X) and (Y) with au ami~e compound.: 

10 

(X) an adduct of a tolyle~e cliisocyanate with 

t:rimethyl.olpropane; and 

(Y) an adduct of a xyly1ene diisocyaua.te with 

tri.methy1o1propane. 

6. 'i'he resin composi tio:n f o:r semiconductor 

encapsulation acco:rcling to Claim 1, wherein said inorganic 

fi11e:c as the component (D) is a spherical fus.ed si1i.ca powder 

and sa:Ld sphe:r.:i..ca1 fused si1ica powder .is .:i.nco:cporated .in the 

15 :res~n composition fer semi.conductor encapsulation in a 

proportion of from 50 to 92lfl by weight based on the total amount 

of the :resin composition for semi.conductor encapsulation. 

7. A semiconductor device comp~~sing a semiconductor 

el.em.ent p.x-ovided on a wiring c.ircui t board wi: th a plu:rali ty 0£ 

2 0 eonnecti.nq e1ectrode portions interposed therebetween., the qap 

between said wiring circuit board and said . senci.conducto:r 

el.ement being seal.ed with an encapsu1ating resin 1ayer, wherein 

said encapsulating resin layer is one formed from a .resin 

composition for semi.conductor encapsulation according to CJ.aim 

25 1. 

8. Aprocess for theproducti.on of a semiconductor device 

coinprisi.ng a semiconductor element provided on a w:i..ring ci.rcui t 

hoard with a plurality of connecting electrode portions 
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inte:cposed therebetween, the gap between said wi.ring circu.i t 

board and said semi.conductor e1ement being sealed with an 

encapsu1ating resin 1ayer, which com.prises fil1ing the gap 

between said wiring c.i:ccu.i t board and said semiconductor 

5 e1em.en t with a resin composition for semiconductor 

encapsu1ation according to C1aim 1, and then cu~ing the :resin 

cam.position to form said encapsulating res.in 1ayer. 

9. A sem.iconduc~or dev.ice comprising a semiconducto: 

el.ement provided on a wiring circui. t board, said wiring circuit 

1 O board and said semiconductor element being electrica1ly 

connected to each other, sa1d semiconductor element be.ing 

encapsu1ated by an encapsulating resin layer in such an 

arrangement that said semiconductor element is incorporated 

i:hez:ei.n, wherein said encapsulating resin layer is one formed 

15 from a resin compos.ition for semi.conductor encapsulation 

according to Claim l. 

10. A process for the production of a seal.conductor 

devi.c:e comprising a semiconductor e1em.ent provided on a wiring 

circuit hoa:r:d., said wi:r:ing ci.rcu.i t board and said sem2.conductor 

2 0 element being e1ectrical.1y connected to each other, said 

semi.conductor element being encapsu1atedby an encapsulating 

resin 1ayex in such an arrangement that said semiconductor 

e1ement is incorporated the%ei.n, which comprises placing a 

~emiconductor e1ement on said wiring circuit board, 

25 eleetrica11y connecting said wiring circuit board and $aid 

semiconductor element to each other, suppl.yin'iJ a resin 

c:ompos.ition fox semiconductor encapsulation according to C1aim . . 

1 onto the semiconducto% element side of said -i%ing circuit 
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board, and then cu:c:i.nq said :resin !=Omposition for semiconductor 

encapsulation to fo:cm said encapsulating resin layer. 

11 • A semiconductor product comprising a semiconductor 

dev:i.ce havi.ng a resin encapsulati.on layer fo%Dled with a 

5 p1urality of oonnectinq electrode portions inte.i::posed 

thexebetween, said semi.conducto::r: device be.i.ng provided on a 

mounting board with the wiring circuit board of i:he 

send.conductor device being opposed to said mounting board, and 

the gap between said mounting board and said semiconductox 

1 O device being sealed w.i th an encapsulet: ting resin layer / wherein 

said encapsulating :resin 1ayer is one formed from. a :resin 

composition fo:r semiconductor encapsulation according to C1aim 

1. 

12 . A process fo:r the production of a semiconductor 

15 device, which compxises a step of fo:z:ming a resin 1aye:r made 

of a resin composition for semiconductor encapsu1ation 

acco:rclinq to Cl.a!im 1 on the pz:ot;rudin9 el.ect:rod.e port.ion s:i.de 

cf a sem:i.conducto:r wafer havinq a plurality of semiconducto:r 

el.eznents having protruding e1eC?trode portions fo.z:med thereon 

20 to a predete::cmined th:i.ckness in such an arrailgement that at 

25 

l.east the forward ends of said protruding e1ectrode portions 

are exposed on the resin 1aye:r, and a step of cutting said 

semiconductor wafer having the :resin laye:r f o:r:med thereon to 

individual semiconductor e1ements. 

13. The process for the production of a semiconducto% 

device according to C1ailn 12, where.in said step of fo:rm.i.ng a 

resin 1ayer is carried out by printing th:rough an opening formed 

in a mask. 

- 78 -



11111111111111 1111111111111111 
* C L M S * 

14. A prc>C:ess for the production of a semiconductor 

device, which comprises a step of supplying a resin composition 

fo:r semiconductor encapsulation according to Claim 1 onto the 

who1e of a p1urality of semi.conductor e1em.ents provided on a 

5 matrix wiring circuit board having inclividua1 circuits fozmed 

thereon to foxm a .res.in layer w.i th said semi.conductor e1ements 

being inco:cpo.rated 1;he:rein, and a step of cutt.inq said matrix 

wiri.ng circuit board having the resin 1ayer formed thereon with 

said sendconductor· elements bei.ng incoxpo:rated there.in 

10 together with said .resin l.aye.r to every semiconductor element. 

15. The process for the production of a semiconductor 

device according to Claim 14, wherein said step of forming a 

resin l.aye:r is carried out by printing through an opening foJ:m.ed 

in a mask. 

15 16. A process for the production of a semiconductor 

device, which comprises a step of foJ:ming a resin layer made 

of a res.in com.position for semi.conductor encapsu.l.ation 

according to Cl.aim 1 on the protruding el.ecuode portion side 

of a semiconductor wafer ~aving a p1ura1ity of semiconductor 

2 0 e1ements having prot:cuding el.ectrode p~tions fozmed thez:eon 

to a predetermined thickness, a step of cutting said. 

semiconductor wa:f er having the resin 1ayer fo2:Dled thereon to 

ind:ivi.dua1 semiconductor e1ements, and a step of contact-

bonding a wiring- circuit boa.rd and each semiconduct~r el.ement 

25 thus cut under heating with the resin layer side of said 

semiconductor e1em.ent and said wiring circuit board being 

opposed to each other such that. the two components are 

e1ectrica1ly connected to each other and said"resin layer is 
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melted and cured to fo:cm. au encapsulatin9 :r:esiu layer between 

said semiconductor elemeut and said wiring circuit board, 

thereby enoapsu1atin9 said semiconductor element. 

17 . The process for the production of a semiconductor 

5 device according to Claim 16, wherein sai.d step of .fo.z:mi.ng a 

resin 1ayer made of said resin composition for semiconductor 

encapsul.ation is carried out by printing tbrouqh an. opening 

fo:rmed in a mask. 

18. The process for the producti.on of a semiconductor 

10 device acco:rdi.ng to Cl.aim 16, whe:rein said step of foi:ming a 

resi.n l.ayer made of said resin composi ti.on for semiconductor 

encapsulation is carried out by means of a dispenser. 

19. A process fo:r the p:rcducti.on of a semiconductor 

dev:Lce, wh:Lch compr:Lses a step of applyinq a resin composition 

15 for semiconductor encapsulation according to Claim 1 to a mab:ix 

wiring circuit board having ind.i vidua1 oi.rcui ts formed thereon 

to fo.z:m a resin 1ayer thereon, a step of cutting said wiring 

c:Lrcui t board havi.ng the resin lal'er formed· the::eon. to 

indi vidua1 wiring circuit boards / and a step of contact-bonding 

20 semiconductcr e1ements each having ap1ura1ity of connecting 

e1ectrode portions provided thereon and said wirinq circuit 

boards thus cut under heating with the connecting e1ectrode 

port.ion side of said semiconductor elements and said wiring 

circuit boards being opposed to each other such that the two 

25 components cu:e e1ectrical1y connected to each other and said 

resin 1ayer ~s me1ted and cured to form. an encapsulating resin 

1ayer between said semiconductor e1ements and said wiring 

circuit boards, thereby encapsulating said semiconductor 
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element. 

20. The process for the production of a semiconductor 

c!ev.i.ce acco:cd.i.nq to CJ.aim 19, whe::re.in sa.id step of applying a 

res.in composition for semiconductor encapsulation to form·a . 
5 :res.in layer is carried out by printing through an opening foi:med 

in a mask. 

21. The process for the production of a semi.conductor 

device acco:r:clinq to Claim 19, where.in sai.d st~ of applying a 

res.in composition fer semiconducto::r encapsulation to form a 

10 resin 1ayer is car:J!'ied out by means of a dispense:c. 
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