:[\]7e3e | 6T° THERMOSETTI NG RESI N COVPGSI TI ON_AND SEM CON
OBTAI NED W TH THE SAME FEI LD OF THE I'NVENTI ON The present i nﬁﬁlmmm‘mmm" es
to a thernosetting resin conposition for use in sem conductor devj56.
production for sealing so as to fill the space between a wiring board and a
sem conductor el enent, and to a sem conductor device obtai neDmW mmﬂm“‘u“mm
sealing with the thernosetting resin conposition. BACKGROUN

| NVENTION Wth recent inprovenents in sem conductor devices, thelgods a
desire for techniques for nmounting a sem conductor elenent on a Wring
board to form a facEHERN@SEITING (RESIN CQMEOSITIONIMAND net hod or direct chip
attachnment nethod). The flip chip nethod has a probl em concerning the
reliability of TEMHHDHTORI REVHE LEPAINER WEhRHE G3AMB enent and a
wiring board, which differ fromeach other in coefficient of |inear
expansion, are directly connected toEeach other electrically. A technique

which is being enpl oyed a¥XRLReQF IHE; INVENTION: i ng this probl em conpri ses
filling the spage between,a seni conduct Oé %I enment and .a wiring board with a
liquid resin mat®ti BFeSRBECITIRPEIRP nEBARTEP 1P f Br nPRETRR ¥ n. Thus,

t he st ress, concent rat.i.ng_on {Ehe electrical connecti 1gglegarts %s di ssi pat ed

into the Cured r<§“§°nsltto1 ereB;J/: i n’fﬁ%ve Fonn&ETi-6R™ 8Bili GS'/‘.’“T% the flip
hi ' - . b : qtah ' t of [

eI P, MEbP0G EIPhAYERD echasnctOlSELaDUIP T INELE UM ARG o e 11 uoe

a Wi ring; poasd Hgatar MaAR! k! | G et ok QiAhed SO dolq Mald i ng step and

then injecting a liquid resin material Iinto the space between the

seni conginl 86n&hEEEAt Bl ddie oM dditedoanhdoRghedseal@ngapii tir yeiad f ect .

This process for sem conductor device production has a problemthat the

pr oduct theiyosettbiky heesins ecoiposirolowes many producti on steps. SUWARY OF
THE | NVENTI ON An obj ect of the invention, which has been achi eved under the
ci rcunst ances descri be(BARORKGROUNE OB PHBVINENTIONr nosetting resin

conposi tion which functions to renove a nmetal oxide filmor

oxi dat i on-i nhi ft R erecent (ABPEPNEMLBLS: dersami qandirtnrefdedcet esent on a
sem conduct or el enent or gn the_surface_of the electrodes of a wiring board

in seni EBRB8ct IS de¥i c89 TR uctFOR ndesdyi@esng 19% 1 BPHRELBS of2netal lic
junctions such.as. sol der bumps and which can €¢ appl i ed p‘;ri or?%o flip chip
Tount | nECPACEREFEEGT (P FRIRR B xR T R HPSRITY £S LA RETA G4 of 1 he
. ti . g . devi ; i
w th tndCEhSehBeligiets PR TLAREHELRLA EY AP 00L A0 At RMReRER | 10
conposi hgeﬂoafri.cmlq&rﬁiz&e&iﬁ Ale o &POXY 4 §5EbléY | fdnddrh £A§tHyO epoxy
groups per nol ecul e; -

reliability of connecting parts because a semiconductor

element and a wiring board, which differ from each other in
coefficient of linear expansion, are directly connected to
each other electrically. A technique which is being
employed as a measure in eliminating this problem comprises
filling the space between a semiconductor element and a
wiring board with a liquid resin material and curing the
material to form a cured resin. Thus, the stress
concentrating on the electrical connecting parts is
dissipated into the cured resin to thereby improve

connection reliability. In the flip chip method employing



(B) a hardener; (C) a conmpound represented by the follow ng general fornula
(1) or (2) RR- ( COOCH( CH3 ) -OR2) n( 1) CH2=CH2-OR-OCH (CH3) -
(OCCO-R3-COO-CH (CH3) -OR4-0CH (CHg) -OCO-R3-CO0O) n-CH (CH3) -OR4-O CHy=CH2
(2 ) wherein nis a positive integer, and Rl, R2, R3, and R4 each represent
an organi c group having a valence of 1 or higher and may be the sane or
different; and (D) a m crocapsul e type hardeni ng accel erator conpri sing

m crocapsul es each having a structure nmade up of a core conprising a

har deni ng accel erator and a shell covering the core and conprising a

pol yners hPewmrs r uther fechniguee hexredofosehyin Hese ofpowifid laager al
formula (3): -N (R5) -CO-N (R6) - (3) wherein R5 and R6 each represent a
hydr ogd¥ &t @mldﬁu&%ﬁﬁaﬁl cORPFiise sy £d ¥ tameumby- nge 2t d iPasBipr
different, and which, when exam ned by differential scanning calorinetry at

a heat iMy PatB-%om9 0BPAFH, Shohe*8n R&bHherHi dupeskonge ERFTRRtPon in the
ggnmggog(ﬂ}fé{e%rm éggli%gggﬁgg?ﬂey’ﬁllr %ﬁﬁg Isggp;'ﬁ tlaiS[ hg'[ ﬁg‘g‘?% L%égf‘i ng resin
OO AR, L B B E R B oA O 0
T ustrgld Ngn@nGiFidy HdddSheabhne,ANE RYi48ary effect. This

process for semiconductor device production has a problem

that the productivity is low because it involves many

production steps.

SUMMARY OF THE INVENTION

An object of the invention, which has been achieved
under the circumstances described above, is to provide a
thermosetting resin composition which functions to remove a
metal oxide film or oxidation-inhibitive film (hereinafter
referred to as preflux) present on a semiconductor element
or on the surface of the electrodes of a wiring board in
semiconductor device production necessitating the formation
of metallic junctions such as solder bumps and which can be
applied prior to flip chip mounting to thereby attain
excellent productivity. Another object of the invention is
to provide a semiconductor device obtained through sealing
with the composition.

The invention provides
[1] a thermosetting resin composition which comprises:
(A) an epoxy resin having at least two epoxy groups per

molecule;



Is step is ether t of the sem conductor device. a diagrammuatic sectional
view i n produci ng the sem conductor device. a diagrammatic sectional view
step in producing the sem conductor Fig. 4 is a diagranmatic sectional view
illustrating one step in a solder wetting test. Fig. 5 is a diagrammtic
sectional view illustrating another step in a solder wetting test. Fig. 6
Is a diagrammatic sectional viewillustrating still another step in a

sol der wetting test. Description of Reference Nunmerals 1 wiring board 2
connecting el ectrode part 3 sem conductor elenent 4 sealing resin |layer 5
pref | uXBlo® &ardemear; pl ate 6 sol der ball 7 thernbsetting resin conposition
DETAI NED DESCRI PTI ON OF THE | NVENTI ON The thernosetting resin conposition
of the (QAvénhBwpoRd Faraasantas) byy thenfeildiomi nign gengreat §ogmpleo (D) and
showi ng _an exot herm c peak due to reaction in the range of from 180 to 250C
when e i 1 ‘differential scanning calorinmetry at a heating rate of

100G mn. - 4 g (coo-cH(CHs) -0-R?)., (1)
CH,=CH,~0-R*~0-CH (CH3) - (0CO-R*~COO-CH (CH;) -OR*~-0-
CH (CH3) ~OCO-R>~CO0) ,-CH (CH3) ~-OR*~0-CH,=CH,  (2)
wherein n is a positive integer, and R?, Rz, R®, and R? each
represent an organic group having a valence of 1 or higher
and may be the same or different; and
(D) a microcapsule type hardening accelerator comprising
microcapsules each having a structure made up of a core
comprising a hardening accelerator and a shell covering the
core and comprising a polymer having a structural unit
represented by the following general formula (3):
-N (R%) ~CO-N (R®) - (3)
wherein R® and R® each represent a hydrogen atom or a
monovalent organic group and may be the same or different,
and which, when examined by differential scanning
calorimetry at a heating rate of 10°C/min, shows an
exothermic peak due to reaction in the range of from 180 to
250°C.
The invention further provides
[2] a semiconductor device obtained through sealing with
the thermosetting resin composition described in [1] above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic sectional view



The epoxy resin to be used as ingredient (A) in the invention is not
particularly limted as long as it has at | east two epoxy groups per
nol ecul e. Exanpl es thereof include bisphenol A epoxy resins, bisphenol F
epoxy resins, novol ac epoxy resins such as phenol - novol ac epoxy resins and
cresol -novol ac epoxy resins, alicyclic epoxy resins, nitrogen-containing
ring epoxy resins such as triglycidyl isocyanurate and hydantoi n epoxy
resins, hydrogenat ed bi sphenol A epoxy resins, aliphatic epoxy resins,
gl ycidyl ether epoxy resins, bisphenol S epoxy resins, and bi phenyl epoxy
resi ns,ibieskratopmxgne cenbrdinent e Hehel teni eqnductasideviaghi ch are nm;
nly used as epoxy resins of the type giving cured resins reduced in water
absorption. Thé5& epoxd reks? ns Fray Heaqrawmatihe otetH AHbi ndieh of two
or nore thereof. Preferred of those_epoxy resins are bisphenol A epoxy
resi ns, PHISHHEREINE 2BRxFEER IR LTARFMAI R TPHGPRBGHRE dBYISR i ¢ epoxy
resins, and trig#%cidy% i spcyanurate. which thenmsel ves are liquid at room
ugh 1h

tenperature. Al ost®epdky rEFFEMR SR sATEHRY quit S ordi nary
t enper it,.1s_genenall er.red to.use one,having. an X
equi vaﬁ}'e%{&o rétrdc')ﬁggg °§%f%08£%ed'nf r%%r? ‘E%“é ané‘ﬁoisrﬁ"glo °“r“§g°3ﬁ%’ii ng the
mechani&gJ,ié%[ength and glass transition tenperature of the cured resin to
be obtalned fromthe thernosetting resin conposition. Inthe - 5 case of
using a solid y regin,;ihisyresif b Shedfld Y | Se@fodiali NG @ of tening
point of from50 To 160C fromthe standpoint of a tenperature range in
whi ch the1hateatiagt bnbt ¥eop 1hieal S62adr hsdemiaoeasee! erator is
mai nt ai ned. The hardener as ingredient (B) is not particularly limted, and
any of various bgdeness chs beausedifgramigtbs | tséeicdnals asiew har dener
for the epoxy resin. Al though a phenolic hardener is generally used as the
har deneillestrabingoayothernstepgeimey Heldedewettimy wdstvari ous acid
anhydri de hardeners, am nes, benzoxazine ring conpounds, and the |ike.
These may be us®BHJal on® ori®fn cdnbi dRIPABRLIQO oFedbienaher e6¥eW Exanpl es
of the Ehinolic har dener _i ncl ude cresol  novol ac_resins, phenolic novol ac
resins, TUTRSEFBFLRalFtnt PRAEPPReTBEP iR R ARLASR R LRI R8F v esi ns, and
napht ho .s'cl'gesg.ngy ge uggg al o or iﬁ conbi nati on of two or nore thereof
The epB%§*+REIR™aRE RRESHARAGI V& REPtRner are incorporated preferably in

such ratios tha : t he reactive hydroxyl groups in the phenolic
har dener is froir'n %Jiqg@%%w val ent, preferably fromO0.7 to 1.2

equi val ent, perze%gﬁ@mnﬁfelg&&wybag:@ups of the epoxy resin fromthe
standpoints of curability, heat resistance, and reliability concerning

nMoi st ure resi stanemidoddiettas @leimand Ng a hardener other than phenolic
hardeners, the ratio thereof (equivalent ratio) nay be the sane as in the -
6 case of uséngerking ixediar daysrxs. Ingredient (C) to be contained in
the thernosetting resin conposition of the invention is a conpound
represented by ?PherefiwwinpirchacrPePhAt® (1) or (2): RI- ( COOCH ( CH3
) -OR2 ) n( 1) CH2=CH2-Q R4-O-CH (CH3) - (OCO- R3-COO- CH (CH3) -ORg-CCH
(CH3) - OCO R3- BO)SHISF R3dd) - oR4- O CcHR=CH2 (2)

7 thermosetting resin composition

DETATILED DESCRIPTION OF THE INVENTION

The thermosetting resin composition of the
invention is characterized by comprising ingredients (A) to
(D) and showing an exothermic peak due to reaction in the
range of from 180 to 250°C when examined by differential

scanning calorimetry at a heating rate of 10°C/min.



wherein n is a positive integer, and R, R2, R3, and R4 each represent an
organi ¢ group having a valence of 1 or higher and nmay be the sane or
different. This conpound serves as a flux activator. The term fl ux
activator herein neans an agent which inparts to the thernosetting resin
conposition the ability in soldering to renove an oxide film organic
subst ances, etc. fromthe netal surfaces to be bonded, to prevent oxidation
from proceedi ng during heating, and to | ower the surface tension of the
mol ten sol der. The conpound represented by general formula (1) or (2) can
be obtai ned by TheagPery xeedrbdRybec useddasi Lngxediapt dRheincshpound.
Exanpl es of the carboxylic acid include acetic acid, adipic acid, malefic
aci d, foventdcnii NeRATEAAFLp R imd ted AT dlong | a®| LEt hesagtd,
pyronel litic acid, acrylic acid, isoc uric acid anqégarb X

|
01 oup- CBSH nFHE JERSBY ZROBRS. BREnAGETT e IARFP IR e EAFEEPEdi ent
i gher LRSS, SRRIRSIe A oy aains, JERABRoRe1 8 Bpkdyl ReSiRn | |1
Exanpl oo gl R Lpoggngialiborapbe (1) inslids, dldodl. aboups bayuag 1 to 3D

car bon & ons, ylene groups havi ng ~carbon at V|nyﬁ, al Iyl
e fL°PARRAS ABFOTEL, Sy SE8LEE, " BHARgA U0ty el 91
i ncl ud%iaiée@}exgréamma\ﬁgﬂgrﬂngﬁ Oep8x§Gardind! Mdien Cys! @3k xé%:q_agmps havi ng
3 to 8 carbon atons, and ‘aromatic ring groups. Exanples o i n gener al
for mul & doldydritddrte famdt | RPdan B6DMPSepaxiyNgrasihklCt hydrogehagedt ed by any
of formulae (4) to (7) CHR2~n ( _ (5) (6) 0 0 GOX-OC HC-~ NCH 3 3
wher ei ribirspleerolpdsi époRy i néades, aallighatia bpvayemesdnganiolygidyp.

ether epoxy resins, bisphenol S epoxy resins, and biphenyl

epoxy resins, dicyclo epoxy resins, and naphthalene epoxy

resins, which are mainly used as epoxy resins of the type

giving cured resins reduced in water absorption. These

epoxy resins may be used alone or in combination of two or

more thereof.

Preferred of those epoxy resins are bisphenol A
epoxy resins, bisphenol F epoxy resins, naphthalene epoxy
resins, alicyelic epoxy resins, and triglycidyl
isocyanurate which themselves are liquid at room
temperature.

Although those epoxy resins may be solid or liquid
at ordinary temperature, it is generally preferred to use
one having an epoxy equivalent of from 90 to 1,000 g/eq
from the standpoint of regulating the mechanical strength

and glass transition temperature of the cured resin to be

obtained from the thermosetting resin composition. In the



Exanples of Rg in general formula (2) include _ g _ functional groups
havi ng a structure represented by any of formulae (8) to (10) CH2~n ( -H2C
CH2_ (g) --~CH2CH20~ ( 10 ) wherein n is a positive integer. This conpound,
in a sem conduct or-nmounting process, exhibits flux activity and then
thermal | y deconposes to generate a free carboxylic acid, which is capable
of reacting with the epoxy resin. Consequently, this conpound can be

advant ageously used as a nmaterial conbining the function of a flux
activator and the function of a hardener. The tenperature at which a free
car boxy¢age aef qusing ;a beohdheepexyl xedithe this atasin auafaxably isel ecting a
conbi nation of a carboxylic acid and a vinyl ether conpound according to

t he melePfghR¥HPEr &t epringy Rkt ek afrennps. teoffiRdSnoeprtdgent ed by
general fornpula (1) and (2) may be used alone or jin conbination of two or

nor e t hetarfpoime Rfopdrt EBHPBFatRES cHrARAMd 1°C) Whéphesti edafipnt g

activity of the latent hardening accelerator is maintained.

The hardener as ingredient (B) is not particularly
limited, and any of wvarious hardeners can be used as long
as it functions as a hardener for the epoxy resin.
Although a phenoclic hardener is generally used as the
hardener for the epoxy resin, use may be made of any of
various acid anhydride hardeners, amines, benzoxazine ring
compounds, and the 1like. These may be used alone or in
combination of two or more thereof.

Examples of the phenolic hardener include cresol
novolac resins, phenolic novolac resins, dicyclopentadiene
ring phenolic resins, phenol-aralkyl resins, and naphthol.
These may be used alone or in combination of two or more
thereof.

The epoxy resin and the phenolic hardener are
incorporated preferably in such ratios that the amount of
the reactive hydroxyl groups in the phenolic hardener is
from 0.5 to 1.5 equivalent, preferably from 0.7 to 1.2
equivalent, per equivalent of the epoxy groups of the epoxy
resin from the standpoints of curability, heat resistance,
and reliability concerning moisture resistance. In the
case of using a hardener other than phenolic hardeners, the

ratio thereof (equivalent ratio) may be the same as in the



general formula (1) or (2) in the thernosetting resin conposition of the
invention is preferably fromO0.1 to 20 parts by weight, nore preferably
fromO0.5 to 15 parts by weight, particularly preferably from1l to 10 parts
by wei ght, per 100 parts by weight of all resins fromthe standpoints of
suitability for solder jointing, heat resistance, and reliability
concerning noisture resistance. The term "100 parts by wei ght of al

resins" as used herein nmeans 100 parts by weight of the sum of the weight
of the ingredients, such as an epoxy resin, a hardener, a catalyst, a

synt hecpger gbaysiagdrheneddc hardengest, whi ch constitute the thernosetting
resin conposition of the invention. The m crocapsul e type hardening

accel erat or us&dggedifaBtedfinto(bp rantaénpdvant the Khsrmosetsingel |
structure nmade up of a core conprjsing any of various hardening

accel eFS5dPs aReMBOShEIPR coRdr | nfhehe WOERHAR cobPri § ngcampeRyder havi ng

‘o k“?%%r%lse%%iféﬁﬁe %%»ﬂa%%“%sfﬁ%%&%%@ﬂgggg ﬂkdéggﬁt Somor a
. . 2 Thi
T o ocapoul o CypE Sl KIS RIEBIERE) n ot of arably i one(Eh which the
reactive am neH%g&yg%_&ngég_a?ﬁ Eﬁ3)t-hf'oc§‘-‘ﬂ3l—éoaglfﬁ(Eﬁ?)n—.(%‘@-@ﬁed' The
i HOSERIA R

t hernosetting r comnposi contarns the 'm crocapsul e type

har deni ng accgh%ﬁ%})q.rocd_qzai_@@otyinr.eg(CHQ)O.ORLI)L@Q}Q@JQI ingzjyn a soldering
step because the shells prevent the cores fromcomng into physical contact
Wi th thsiaidenreris BNoosamasa tindiaddiys hid B3 APOUE? S ahidSRACEREN
solderability. Use of this hardening accel erator further has an advant age
that i repesent kid ddymrdihergmaa thaingsa NvaDepes | £ oD bronighdesi rably
curing in storage, etc. and, hence, enables the conposition to have an
exceediargl gy dengeel pahe| ofedafifieerstl | eThist comgeusdabervey. abn t he

m crocapsul e type hardeni ng accel erator, the hardening accel erat or

encaps@ dflak aactbratoy s e pkexm ctlex | Jctivetexr herebmgmaanst apuncti ons
to accelerate a curing reaction. Although hardening accelerators for

or di nar3gside WhiFhNRaxts | o gtheprheErPeatEinenpedim oRe™RAPERIPR | i quid at
room t erature fromthe . standpqints of workability_in mcrocapsul e

or opar a1 PR BY obBr PPASSEEREn SO RSyt (& 4Tt P m SFPRURE a room
t enper "o ie ot y e r.dgni at whi ch
itself a%}g:;ssetaa#c%%di dé%é;‘t u?‘g&gt t?’go%%?%%p%&gt%ua:&%s( g@c@%ﬁ%&g{jg{%’ aehar deni ng
accel entrenti 6RiGSLSGM | Fx3in PSR EINRY abUEEndUhPAI nBECadd qusf i ed by
bei ng di ssolved or dispersed in any des~.red organic solvent or the |ike.
Exanpl asowdr tire it ettt o @heS@blitey aslbbe.cores include tertiary
am nes such as 1, 8di azabi cycl o[ 5. 4. 0] u~decene-7, triethyl enedi am ne, and
tri2, 1, 6-di net MHeartaxgpoatid | pémradentad dew ofeneadh ofiodsulbaickil hsor

2-ethyl -4-methyl i m dazole and 2-nethylim dazole, - 11  phosphorus
compount® seah he tohitsimed dwspasatingenr aﬁmw’-r@smmf uwith a

tetraphenyl borate, and tetra-nbutyl phosphoni um ) )
O, O di XA DHhEEHRSr oePEPPRRRe, fFBRIRT y ofmbhe ufaRPYLiG gafdfet al i ¢

salts, and derivat.iyves thereof.. .Theseéra#ge.used.glgo e or .in _conbination
of two BICHHR IR DAL APRIS A5 & PIEFIST 38 e THPE e3P R dazol e

compouns, giidh or 0ag@pROSPhQhS,GqEPOUNG 4 T OM LPg, 33 ANOPOI Nt 3.0k ease of

cEHji ! 3
the preparation of hartleni ig accel erator-contalning m crocapsﬁ?eé and ease

of nandlf e T A0! W4 124cd913.651 RUBHLI Bl s 4 dn [ SRY RN Bggener a

forml a tained, for eXanple, by the addition polynerization
reacti %éﬁqﬁypogsébﬁpc&aﬁeafn%éhp_%lgshxaaaaae_.AI tiplee! ¥ the pol yner
can be obtained by reacting a polyisocyanate with water.
vinyl ether ingredient include vinyl ethers having an
organic group having a valence of 1 or higher, such as

butyl, ethyl, propyl, isopropyl, cyclohexyl, or allyl.



The pol yi socyanate is not particularly limted as long as it is a conpound
havi ng two or nore isocyanate groups in the nol ecul e. Exanpl es thereof
i ncl ude diisocyanates such as m phenyl ene diisocyanate, p-phenylene
di i socyanate, 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate,
napht hal ene 1, 4-dii socyanate, di phenyl nethane 4, 4'-diisocyanate,
3, 3" -di net hoxy- 4, 4' - bi phenyl diisocyanate, 3,3'-dinethyldi phenyl net hane
4,4'diisocyanate, xylylene 1,4-diisocyanate, 4,4'diphenyl propane
di i socyanate, trinmethylene diisocyanate, hexanethyl ene diisocyanate,
propyl ene 1, 2- dsampdyemate Ry Igeneral? feirmudey Aiidt dnadyceomdiyilene
1, 2-diisocyanate, - 12 and cycl ohexyl ene 1, 4-dii socyanate,
triisocyeanrneshaving al popROnwaabendistemshi gdyaiene gupupsehaving
1, 4-dii sot hi ocyanate, and ethylidyne diisothiocyanate, tetraisocyanates
such as? 4% - 8 neREhPRI pHern® ~natipade 2221y3, 5 Pheryhi sahrnvdis®e an adduct
of 2, 4-hexanet hyl ene diisocyanate with Brenzcatechol, an adduct of tolyle~e
di i socy2FRRECIE t FiMEXEFRIRT Raving R NrLenge (A ﬁ e MighsFoyangt @ wt h
trinmeth I , an adduct, of | yl ene,di.i socyanate wth
tri mot (B BEEBAE > oRBducExareRERARE: ol ARo SEPERALy ATRELA ()
Lri met iyl o] PAOPaDEy 81d JhRBRYANGLE IePa) YIELS $HON ASpLH Malig,Qf, @l Tphatic
pol yi socyanates, e.ﬁ., F&Ip enyl |ﬂé¥hylene ?rilsocyanate, !
tetraph'%gy i h t .SogYyapaige a%ﬁ%lt
pent ai s y%%%%%?il%é§ﬁ§sig%gégﬁage?ga?dtﬁgggké?hy ede%%#?gﬁ%géﬁggg. These
may be G+ORSs Or i n conbination of two or nore thereof. Preferred of
t hose pol yi socyanates is a trivalent isocyanate prepolymer which a.s either
an adduct of tatydmpredli ieOCyEnaia Wybhetil Mefbyh@l Hr ogne idciaieadduct of
xylyl ene diisocyanate with trinethyl ol propane, fromthe standpoints of
filmfofuhetiabegtoapsi haviagoaaptauetorepaeprecented bwclaay el
strength. Furthernore, triphenyldinethylene triisocyanate al so can be used
as a prE&béenubaepbtyitocydhate. The pol yanine to be reacted with the
pol yi socyanate is not particularly [imted as long as it is a conpound
havi ng two or nore am no groups in the nol ecule. Exanples - 13 t her eof
i ncl ude diethylengtriamne, triethyl enetetrani ne, te(laethylenepentanine,
1, 6- hexamnet hyi-&iy m ne, 1, 8oct anet hyl enedi am ne, )
1, 12- dodecanet' hyl enedi am ne, ophenyl enedi am ne, m phenyl enedi am ne,
p- phenyl enedi am ne, o-xylyl enedi am ne, m xyl yl enedi am ne,
p- xyl yl enedi am ne, nent hanedi am ne, bi s(4-am no-3-net hyl cycl ohexyl ) net hane,
i sophor onedi am 1, 3-di am nocycl ohexane, and spiroacetal series di am nes.
These may be uged @l one or in conbination of two or (@ye thereof . In the
reaction of a polyjisocyanate with water, an anine is first formed by the
hydrol ysis of t pol yi socyanate and this am ne reacts with the isocyanate
groups remai ni ng unreacted (so-called self-polyaddition reaction) to
thereby yield a _polynmer having structural units represented by general
formula (3). Eiagbies of the polyner constituting the shells further
i ncl ude a por_ﬁrgf_éne-polyurea whi ch has, besides th®se structural units,
ur et hane bonds rmed by using a pol yhydric alcohol in conbination with the
pol yi socyanate. The pol yhydric al cohol may be any of aliphatic, aromatic,
and alicyelic ones. Eﬁanples t h@reof include catechol, resorcinol,
1, 2- di hydr oxy- 4- et hyllbenzene , 3di hydr oxy- 5- met hyl benzene,
3,4-dihydroxy-I-:ff;ypﬁéﬁ2§ﬁé?"§, -—anpydr oxy- 1- net hy|penzene,
2, 4-di hydroxyet Ryl behzene, 1, 3-ndpht Qal enedi ol , 1, 5-napht hal enedi ol ,

e o2 ¥ oe

2, 7Tnapht hal eiig , 3-napht hal e H; 0,0' -di phenol, p,p' - 14
wherein n is a positive integer and X is a bivalent organic
group.

Examples of R' in general formula (2) include



di phenol , bisphenol A, bis(2-hydroxyphenyl)nethane, xylylenediol, ethylene
glycol, 1, 3-propylene glycol, 1,4butylene glycol, 1,5-pentanediol,

1, 6- hexanedi ol , 1, 7heptanediol, 1,8-ovtanediol, 1,1,1-trinethylol propane,
hexanetriol, pentaerythritol, glycerol, and sorbitol. These may be used

al one or in conmbination of two or nore thereof, Exanples of R5 and R6 in
general fornula (3) include a hydrogen atom and nonoval ent organi c groups
such as al kyl groups having 1 to 3 carbon atons and aryl groups. The shells
may contain a polyner or thernoplastic polynmer having urethane bonds or
anot heffuynsitimmalpeatelips t hevied yaesthaotngearepresented bwi anyegfesent ed by
general fornula (3) . The polyner having a structural unit represented by
gener alfrrhaen (8) tecofhis for preferably from40 to 100 by weight, nore
preferably from60 to 100 by Wi ght, of the shells. The m crocapaul e type
har deni ng accel erator can be produced, for exanple, through the follow ng
three steps. %Fi st Step] A hardening .accel erator g% a core ingredient is
di ssol ved OF€ ﬁaghy di spersed in a polyisocyanate a A starting materi al

for shells to forman oil phase. Subsequently, this oil phase is dispersed
in the formof droplets into an aqueous nedi um (aqueous phase) containing -
15 a dispersion stabilizer to produce an oil-in-Water type (W

enul sion. A pol yamge is added to and di ssol ved in the aqueous phase of
this OWenuksidn to_téﬁar_eby cause the amne to undqrggo interfacial

pol ymeri zati'6h dnd pblya&ddition reaction with the polyisocyanate contained
in the oil phase. Aternatively, the OWenulsion is heated to thereby
cause the polyisocyanate contained in the oil phase to react with water at
the interface between the oil phase and the aqueous phase to yield an am ne
and successively cause this am ne to undergo a sel fpol yaddition reaction.
Thus, a nichESés%Vé’ i spersion is obtained which cdlt0di ns m crocapsules in
which the sells are made of a pol yurea polyner, preferably a pol yurea
having structural units represented by general formula (3). On the other
hand, in the case where a solid hardening accelerator is dissolved in an

or gani "REFSAMmtD 115 7 RRFEEEVR AEIIAF serving as a core ingredient, an

S/ W (solid e/ oi | phase/ h t l,sion is obtained. Thi
il 51 on type. 1 Db ST ARLY b TR YPCAGVIRO0 RECSRRRhI |10 |

Al t hou i 04 F1dron E{z} N e N NG, AGGRISIANQYT bScbfiSSsaRt J° resul t
in tha’?g’(‘arm sron t%‘g, ag g‘l(oﬂ phas%/gﬁ Ig'{]aasg’; {iyf)e %r8%§>0’8 (solid
phase/ ozl ohoee/ Ol | PGS C)edrtBnATY SLEBGL O RR:SHDI ££1 ethdhidt 4 aci al
pol ymertzation may be prepared by solubility regulation. "The organic
sol ventyrd£EL 188 withhtBeSELBx{Sr89in: Ifonsequently, this compound
can be advantageously used as a material combining the
function of a flux activator and the function of a hardener.

The temperature at which a free carboxylic acid is to be
generated can be suitably regulated by selecting a
combination of a carboxylic acid and a vinyl ether compound
according to the melting temperatures of various metal
bumps. Compounds represented by general formula (1) and
(2) may be used alone or in combination of two or more

thereof.

The proportion of the compound (C) represented by



particularly limted as long as it is liquid at roomtenperature. It is,
however, necessary to select an organic solvent in which at |east the
shells do not dissolve. Exanples thereof include organic solvents such as
et hyl acetate, nethyl ethyl ketone, acetone, nethylene chloride, xylene,
tol uene, and tetrahydrofuran. Al so usable besides these sre oils such as
phenyl xyl yl et hane and di al kyl napht hal enes. [ Second Step] A bl ocki ng agent
is added to the m crocapsul e dispersion obtained in the first step, and is
di ssol ved or dispersed therein. An effective nmethod for this step is to add
t he bl @stienplagéermuflaer (L1he aif sg@dsi dn sthdi |theemased timgeaceednani ne
present in the aqueous ﬁhase have been renoved by centrifuging or another
t echni QRIPQsHtiiqr fpthehénveptsenpdsl exrsifarabdivorfdam vihihteh&0ani no
groups have been bl ocked with the bl ocking agent in the second step is
centri AAFE BY| FSFEHFroF“%é?%%%rql}léhtg%‘f‘oor eém¥Pe khePakE®sBYbl ocki ng
agent and then dried. Thus, a mcrocapsule type hardeni ng accelerator in a

powder ‘T%qh‘i:'anpﬁé'tﬁrcb‘&ﬁ‘féﬁ. RXehpraRine £ ditspEPsitth &aR%% i B¥ to be
added to .t aqueou diu aqueous, phase)_in jhe first step include

tator - SRR (BRGnerLD SBERthe Wl YOHIOE e ombt ) EandnRy PG mibhy

cel l ul ose ni.oni ¢ suxfact apt noniopic 1 surfactants, and cationic
surfactsztn ns.poﬂlz{}os us%%l es%%ga%%lld:r'%bhi Pt i ﬁ8rzagﬁi c 5P dal ?ﬁﬁgt ances
such a | 1.9J [ ng. Gl ; ] el BE t ; S a

di sper Zﬁ%%és%a i1 i‘iellrd ge]%'e%gg'dlgcél ilgs?q’ge?f%rngb%%l%%%g_t ﬁ%t;lfs’%gng%ﬁcen_t ration
ther eofrid fdign AUURP Ysa MR Y IveilditiMdE h1t0 rHiiy el aBea RBeekhocking
agent to be used in the secdond step is not particularly limted as |ong as
it IS angMPOLOC peAEEI B WelilGh&MoEO tHeDUfifin FXathe eheifjRt cof ithRel ude
conpounds which react with an am no group to forma coval ent bond, such as
epoxy donpoadhicentsa) delhlas anpepdky, m@csioh arhhardeeer eat eatadysayunds, and
i socyanat e conmpounds. Exanpl es thereof further include acid conpounds which
under g ssyrethetic zubker ranttd greag iitvendidiviend: ,gwindieht cohstitateal t, such
as organic carboxylic acids, e.g., acetic acid, formc acid, lactic acid,
and sucEheehexmesebrinmixesin ramRCsIdign of Fhe dnwenidRBsul fonic acid,
2napht hal enesul f oni ¢, acid, and dodec Ibggéfnesulfo i c acid, phenol
conpounds, i norgshitSRIFPSH Y BYRSH HardeniRg ﬁﬁﬁ?ﬁﬁGPFeraBF&, Aftric acid,

7 ous: gkl ANE BT 9RNLRL §n08hoRNHaB0L LobabaeLARMINGEAN A0l d

1
surface, srlrca and referre € compoun are the

aci d cqgppgin bggause dfiy i y ck gt ] I ; sent on
t he surtface g@’tﬁg gﬁells angg%gf%ﬁgﬁénﬁgbppgftQg%ﬁm%ﬂﬁ gﬁgﬁﬁé}a specially

pref er receSl &rd 0653 Carndi 4l Sl 1 heovialy cerdlldd¥d GrCicdamprisi®g a The

bl ocki ng agent is added in an anount equinolar with the am no groups

pr esentpalyhére shating oa tsérshéhkslandnin t kepresentpdrt byof thiee shel | s.
For exanple, a practical nmethod in the case of using an acid conmpound as

t he bl ol hewine gerenpl i Sewnutali () t he aci d substance (acid conmpound) to
the dispersion just after the m crocapsule preparation (interfacial

pol yneri zation) to (Feyafer¥ (RAk pH of the di spersion, h is in a basic
region, to a valuye in an.acid re preferahly to 2 to 5, and then

i on,
renovi ngPeFeiexdbssandi & co%%‘hngeweéef‘rtea? drogeh qatop pr a

centri fx{ljgxiig\gafénéi L;[:&g‘;[l-ign'group and may be the same or different.
This microcapsule type curing accelerator preferably is one
in which the reactive amino groups present in the shells
have been blocked.
The thermosetting resin composition, which contains

the microcapsule type hardening accelerator, is inhibited

- 10 -



In the second step, a technique may be used in which the m erocapsule

di spersion is passed through a colum of an acid cation-exchange resin to

t hereby renove free am no groups remaini ng unreacted or neutralize residual
am no groups. The average particle dianmeter of the mcrocapsule type

har deni ng accel erator to be obtained is not particularly Iimted. However,
the average particle dianmeter thereof is, for exanple, preferably in the
range of fromO0.05 to 500 Vim nore preferably fromO0.1 to 30 [am fromthe
standpoi nt of the property of being evenly dispersed. The shape of the

m cr ocdpsan egelbindiainieni seldenigierstenr heasusealihe isheddisepreaeptbut nmay be
ellipsoidal. In the case where the shape of the m crocapsul e type hardening
accel erther ¢oremt finay y copriag cantbut physberl - aentachhovicchdi et er cannot
be unconditionally fixed, as in an ellipsoidal or flat shape, the sinple
aver ager#¥FAeIMEE maj Bhea FoTPatd L@ rfhitt BXiRgDHf abREtsiERfd SERCtQR¥n as the
average particle dianeter. In the mcrogcapsul e type hardening accel erator,

{ . yp
the a defabibi B8y deHPRg Ofc et abarderingsaraesqratornfurdies i s
preferably from§5 to, 80~ b i ght, especially preferably from.10 to 60~ by
wei ght ,ah1> s&F oﬁgf'ﬁﬁtﬁﬂﬁl eéi}ﬁvgr g&ap%ﬁ’? e§‘"}hr%’ﬁ1¥t hehg: & °rﬁe3:rpd'f‘gr eactivity
in a hardenin Lo i | ati o] e €S, .an ni cal . strength.
The prglf)%sr#ono%ﬁg§%glgﬁi %E%@sghg%gfﬁébﬁs'ﬂefﬁgisé flﬁe%[%%‘r%t%%%’e%g]céneter of
the mc a ty er{,Ag I +l,S fera o 25~,
especi aﬁ)cg’ B;ﬁg g‘raéb?ga'??%?n h?oc%%g,ggg E:%Ir)ngt ﬁ'g gtg' g%d%& %%defferdr%eqﬂgﬁ' ni cal
strengtfrollbifgddDpdt Pifd Nend SEQCERSIE S o ¥d@ilngGaccel erator to be
i ncorporated as ingredient (D) in the thernosetting resin conposition nmay
be suitably selnttese Sidfoddpsultartype deftdailpdildrdttirg thet he
t hernosetting resin conposition while taking account of suitability for
sol der | hardenlinglhesicwel eratoex angtesp s tasrbunasof ddyesn ciscamo e type
har deni ng accel erator to be used can be easily determ ned thxough an
exam napavhicelarlyt timited am ledgx aso itafgactignsatte ageedengtepl aten. In
general, the amount thereof is_prferably fromO0.1 to 40 parts by weight, -
20 e[pHENY FREFELIBIy fN)EM“EB JersenddgyyagEelRra toes %@ parts by
wei ght of .t he hardener. Ig case where the a r}t of the m'tc[rocapsul e type

har deni ﬁﬁdhﬁ_ﬁ’é}’eluifeorm?% fral4s52 1 h’a'ﬁ_ 651 B P et YhemP RE W& nosetting
resin Cﬁ:;?gﬁ' iéof;-rggidOQLyré‘é‘,g ?ﬁgﬁ%&r%g%?%ﬁ%ﬂ N cesng}laé\;)doeirytr;g Jgate to

necessi € apro ged perro ut"also gives a cured resin

havi ng @ofﬂ&ﬁiﬂ?&?b'm "‘ﬁ%. A %@%}4&% tsﬂae§3}>§E%tiZQi Secured

resin may 1npair the rell Ity of ectronic d e enploying the

same. CpR¥emi@rbcapdulass WG tdvn MMTigeadsHEE rovhe taigian thigerccel erat or
is incorporated in an anmount l|larger than 40 parts by weight, there is a

possi bi impYyiehahosuiohdlyi Ithiey dasle 2 derhaxfearichga Hesd Iesratiogphtwhieh educed
because the conposition has an exceedingly high hardening rate. The

t her nos@tseh§ hesi r chigpobd t hatuoe alie Hoeperiismperativae elZBCleduly
differential scanning calorinmetry at a heating rate of 100 mn, shows an
exot her ALt&%pedk Hardepipgackreplerateae ranteh ofig r cifkisd taf 25ROm

temperature but has been liquefied by being dissolved orx
dispersed in any desired organic solvent or the like.
Examples of the hardening accelerator serving as
the cores include tertiary amines such as 1,8~
diazabicyclo[5.4.0]lundecene~-7, triethylenediamine, and tri-
2,1,6-dimethylaminomethylphenol, imidazole compounds such

as 2-ethyl-4-methylimidazole and 2-methylimidazole,
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Differential scanning calorinmetry is a technique in which a sanple and a
reference are kept under the sane conditions by heating or cooling and the
energy necessary for keeping the tenperature difference between the sanple
and the reference zero is recorded against tine or tenperature. In the
invntion, the exotherm c peak due to - 21 reaction to be observed in
anal ysis of the thernosetting resin conposition, which contains the

m crocapsul e type hardeni ng accel erator, by differential scanning
calorinmetry (DSC) can be regul ated by suitably selecting constituent

i ngr edirdmspierus he seaipoungts t hesuebel erasor. tHiehanslaiw spdvinehe
necessity of this regulation are as follows. The thermal hardeni ng reaction
of the teleraphenyiphesrhonriwempdisitzaphesylbpsataventaof, Wet@®-®ont ai ns the
m crocapsul e type hardening accelerator, is based on the initiation of an
exot herPH &Y IRRRIPRAP HHY s Qd OpfiekbyipbprrPhgrodithécake) | SMAFGFIREAL i ng and
the resultant rel ease of the hardening accelerator fromthe capsules into

t he théﬂ%ﬁ%&YTngs?iEFn aRgIBRoPRELLLE| eFRLitSn offthe IFIBTYSSY shel

d iti due_to the heat of tion. B f _this, l'i nk
densi tySPRERRE" SHERTRS HRY SROBEPRI BAPPG Phe TAuSGEP SR SR ERorEH® gr oups,

nunber of aronnatj [ s, etc. . he iso nat e ner.to_bhe ,yused as a
const i tlen oir%ri‘élggireén?ﬂf or%'ts%ee %S é{l s,ll”fesf%%ﬁ abf’ir{:/rD sq-’e <E eafgmtglreeby t he

{ her DS 4061 £SLASAIREST JA8 oM AN Jehdaifs B e i
suitab!%&regﬂ?ated Wft re§%ect t% tﬁéﬁ%ﬁé& {ggréggtlon. I'n case where the
conposi §£RapSiflts f et bgkeSCRRNI R eC Al Y oS o Q%‘éﬂci&firﬂgﬁ peak due
to reaction at a tenperature |ower than'| 80C, this exotherm c-pea
t enper adbeSléfatoretor biinile midiodgpHIldd Sari eddd cXaHFHALRASN- 37Pb
solder (nelting point: 183C) and Sn-Ag solder (nelting point: 220C). - 22
Consequent | y, tTiee rieslymdailokeitsy ;a gahsctuwrdngursict dssprefdmied ibye. , before
soldering, to thereby inpair solderability. Incidentally, to regul ate
t her nosgeneéngl epboxymulsi n(Ponpssi obdad nednt afakngerample oc s ulthe ype
hardening accel erator so as to show an exotherm c peak due to reaction at a
t enper aR@f&thPRhePlYRaRi 2EBIOR sreppkieR | 9 X Ry ESPWFFa kMLt Bresent
because of the heat si stance_of the shells. Qher _materials (qQrganic
ot or | SPOLUTIE IR0y QAN CETHAEAT AR ) ey TRT YRR 1D Pho BHEIBSE ng 1 esi n
conposi { ] t he_j ] or dj eed. Exanples of the organic
natgr!a%éggﬁ%%adg.g#?éﬁgg%ggﬁgfﬁgﬁgggg?%ggfitanate coupling agents, surface
modi fiers, anti @Kédéﬁ?.’l&iséBQah%E' fiierPot EpaaiPLasaPiyt RemiiRRGIAN C
materials include various fillers such as alum na, SI¥IC&, and silicon
nitriderang R ti€l &S Oh BMPcunHICHaREnGORRR! 05| Mvek, PddiuPdrage Ni ckel,
and sol ders. O her exanples of those optional nmaterials include pignents
and dyegrodpshough t bkeammdliecaflesuch aBxampleani chewkefi aliddal ke
incorporated is not particularly Iimted, the proportion thereof is
desi r abtlyispoyrbates7uchyaseinghbhenpienerdbi yodyama e | Gthenylens ght
based on the whole composition fromthe standpoints of regulating the
vi scosi g§igPcyaBatfer nodefrFAgYIEREN cBHPBRFYIRALANd OF/ S HerlI R i cal
connecti,on of a sem conducior elepent to a wiring bpard. The thernosetting
Fesin cHRBBSFYRBAEY BREhEhskene T dcdiafcyaRAtRs RIS IHNAFRARS 0 ot taf n
a low stress .by_incorporating, besides,the_addit.ives shown ahove . an
ingredigh? sg ég 8HaP$§ﬁfsilicone oils?’giI?%%%%h?ﬁ%bifg&qgﬁaﬁﬁx%c
rubbers .t L iluents, d 4. j : L90- i ng agept, such as,
e.g., adﬁ§§?%%%¥§fgé or bié%{%n14%%%%¥g%§§qggﬁ&gﬁ§%$%§gipcorpd?é%ed for the
pur posey9f sbERaR%LBY el i ghithitned N a h gn-duddlijandil | abilig ygtest.
Furthernore, Vvarious known~additives such as, e.g., deterioration _
i nhi bi ta&tﬁhghﬁglrbiaanageaiisodfaﬁaea; S, t8¥RSthyléhdi BN Scyamafe, sui tably
i ncor por at ed.

hexamethylene diisocyanate, propylene 1,2~diisocyanate,

butylene 1,2-diisocyanate, cyclohexylene 1,2-diisocyanate,

- 12 -



The thernosetting resin conposition of the invention may be either liquid
or solid at roomtenperature (25C) , and may be applied after having been
formed into a sheet. In the case where the thernposetting resin conposition
is liquid at roomtenperature, a dispenser may be used for applying the
conposition to a wiring board. In the case where the thernosetting resin
conposition is solid at roomtenperature, a heating di spenser nmay be used
to melt the thernosetting resin conposition and apply the nmelt of the
conposition to a wiring board. In the case where the thernosetting resin
conposi 2p@ncyelohexyhenat Lod-ddisocyanapel i sdiisogyshatesfi sugh @ssheet of
the thernosettjng resin conposition can be obtained by thermally nelting

t he corpoRirenrviensdeigethiseyatrter | tyldmiera birdidfathijqayanage,
facilitating sheet fornmtion, a rubber ingredient or the |like may be added
to - 24and I’l‘é‘ytll’réw?ﬁs&%ﬁ%h’ﬁ%%os&?ﬁﬁswqﬁ%%rSPﬁbré&i ent
preferaply,i for anpl e, . an_acryl gnitril g/ butadi ene copolymer (NBR). An
acryl on tgi T%%%ﬁ?%f‘i@m?%n agi’hg"angﬁgﬁgrgéﬁﬂﬁﬁ?ga ti A from one
or nore h pol yneri zabl.e §naredi ents al s.a.b d. .Ex | es of
such co%% ?ﬁ%rﬁgga { éniﬁenﬁar@%{*@ﬁjfesg? n‘?:j’flus ec%aq??/yt rc?‘blerPaﬁa ér(uf%ezcate&lm’
acryloniptri adke I , 3@AE i id, . N styrene, and
met hacr'Jfl iéﬁ:@f g?e%llyg%mg ?ﬁgéébg%ég’g%rﬁlﬁ%‘r ai(':llla(%ag% SJr"r‘1§'-:J'fhar(?f\)rﬁyl ic acid
fromt Ngaghandee! 8b1pfefd Call sy aEs ol OSBRIy RISl Com ThE

conbi ned acrylonitriTe content i'n the NBRiIs preferably from 10 to 50~ by
wei ght , 18808€1 8¥! ¥y Py EERs 38 ¥sbéPandte i D thima i al¥ 1 priparidierampset ti ng
resin composition of the invention can be produced, for exanple, in the
fol | ow agdaetner. AF epoxyh&gah&thyldres dener didseegpadtd repr eda ed by
general formula (1) or (2), and the m crocapsul e type hardeni ng accel erator
are nm xtdinegbyhelpropargpecande fsocyanmatrintprepulymsns krrssmdedasi th a
kneadi ng nachine, e.g., a universal stirring tank. Subsequently, this nelt
is filtErégerar oughog filtatiphatigen dRpRERPIRRAItSMCcUUM SHErs, the

target ther rmseiti_ ng resin conposition can be produced. An qQrgani c sol vent
can be LB¥BRep¥ldimerhydeneqbrit 2ot¥RR3 FRnatt FraRPRY L HE e ting

i Ltion. | f.th ' t _include tol , I ,
ot byl EPR R RBCOARATRERTon SRERONE SR L me S hA A Those
b I ' | ' f. ] ti

Fur t her L3FonRaceesYanatel BIA ChbRBndtny e oTTEECVARRES. . MRILUTH L he

ther nosghii Bd (1884NaEORR0SET § ANHRSEAA PESh abPViReo T4 nid G@alledeor devi ce
produced With the thernosetting resin conposition of the invention may have

a structure whi BRef€PPEdSOE, tfosEPolyisddfanatest P& anGedicallenk and a
sem conduct or el enent 3 nounted on one side of the wiring board 1 through
pl ural i igociraneheecprepglyhert wbileh pis t i the areadddurt asfi ntdlgglemel has been
formed between the wiring board 1 and the sem conductor elenment 3. The

pl ur al | d¢igPcyanatet | ngtgl edmingdhydelproranechodl e@ty | @dduetcomfect the
wiring board 1 to_the sem conductor elenent 3 may be ones_whi ch have been
di sposedYPEFEREhaAHLBRCYIRALR 1 o drdmethy LodPERRaRE N cBFRMicti® el enent

3. The c%nngct i.ng el egtrgd%ﬁl@?rtsi rrgg al sotbe ongs whi ch havse beeen f or med
bef or eh&FBPORC&BER oPEt nELIMr FRERHBAr PICRTHEIRE sHhi CBHIRIR W% ent 3.
preparation and mechanical strength. Furthermore,
triphenyldimethylene triisocyanate also can be used as a
preferred polyisocyanate.
The polyamine to be reacted with the polyisocyanate
is not particularly limited as long as it is a compound

having two or more amino groups in the molecule. Examples
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The material of the substrate of the wring board 1 is not particularly
limted, and exanples thereof are roughly classified into ceramc
substrates and plastic substrates. Exanples of the plastic substrates

i ncl ude epoxy substrates, bismaleimde-triazine substrates, and polyi m de
substrates. Even in such a case where a high soldering tenperature cannot
be used because of limted - 26 heat resistance, as in a conbination of
a plastic substrate and connecting el ectrode parts nade of a lownelting
sol der, the thernosettiing.resin conposition of the invention can be

2dvant AEROTEPS RIS nOHP SBULERBIPARNERRY ¢ AT ERERY IREYRILe of ¢ he

pl urali Q ect i electrode.parts 2 is.not rticularly Jlignted.
Bcanpl eb¥tRes ERPTREePEReEn Sle ol t g bBAmsRoRdrrBRs bibae ba Cin
bunmps, 3| i .and silyersti . 1n. the case where the
el ect ro%be{:%lg%?s&g?g%%g%y%’ t he %/\,{:H n%%%%&ﬁ%ﬁ%%l%%&a%’y of These

mat eri abfent 1EnEQNAREAL NI RLEELLPHE DR 4 rfe MY o UG, 3 LDPPEr
bunps, a%re?%e lI’liﬁe. Th_e'seni%gn%gctor el enent f@l%ﬁ particu arly limted
and canobRyPpechfi 2ThOAT Y nliS&1yneiamRhe, VasloHty RefdLOnfiud ors my be
used, such as elenmentary sem conductors including silicon and germani um and
conpounfef€HAR8ATAGINES | NChUS MFalh b+ INMSEIHETEFEL Gsky IVdid RO sphi de. A
process for producing the sem conductor device obtained with the

t her nosesbphgronedhaningpsl | B odi ahihideycIvloantans, | sndsspitdaestall-n t he case
where the sem conductor device is one Which conprises a wring board and a
sem conderxies dieminesppFhesk timy don used o walin eaibigathest | ng

el ectrode parts and in which the space between the wiring board and the
sem congfictBp ercmene hhereefn tightly filled with a sealing resin |ayer, -
27 the process for producing this device includes a_step in which the

t her mosetting reRi FhorBBSELPBNOfs & ModFFSosy ametfe ot th&akss m@hoard and
t he semi conductor el enent apd this composjtion i |ted to_formthe

seal i ng®P¥8Fn %% er AR PexahpT et é’r"ocegi@%s 19‘(9?‘1S ng®fhe ehe

sem con I of__the, 4 hyent i. 1] ..he aihed aceording to
the or dg?ig?%ggg%ég\%et ﬁn#;f%i?g%cg%n%%gq\r%éﬁcn%s.‘gl{‘?ir’stt?l%t h:gg%% moset t i ng
resin CQEBQEL:,“ Q8md i RingheuhPUEBELQN (SoPLALELH ONsSL M oI\ PR fbyl aS shown
in Fig. "2. Subsequently, a sem conductor elenent 3 having plurality of
connect iragceliea) r oBe pldrey Oktiklbald SlpA ynferp| A&GENnGV e tidetddex NnDset ti ng
resin conposition in a given position as shown i.n Fig. 3. The

t her nosehtiktegrepsenenbafobit general sftomhokal by) heati ng on a heating stage.
The connecting el ectrode parts 2 of the semi conductor el enment 3 are caused
to push aside tBsamhiespsftithe reslymennmeistigmting gheplshalks ate and

cone into contact with the wiring board 1. Sinultaneously therewth, the
nol t ensERFENLRe ARGIREE Fy H@ﬁ%%‘ﬁql@ﬁr?ai g et o B933d8he space

e e SOl rort 2 20 S L0 ol LT sl er,
i [ i h ; th b i I i d
o1 CREBGALLOD Ty LoaLhel aheade gy UELE L o dildpdd space an

jrunct i on-for M ngnEetOd NG 2aiebheY AP Bk Binf litchifPrderd] ng met hod
ar;mati; , and alicyelic ones. Examples thereof include
catechol, resorcinol, 1,2-dihydroxy-4-methylbenzene, 1,3-
dihydroxy-5-methylbenzene, 3,4-dihydroxy-1l-methylbenzene,
3,5-dihydroxy-1-methylbenzene, 2 ,4-dihydroxyethylbenzene,
1,3-naphthalenediol, 1,5-naphthalenediol, 2,7-

naphthalenediol, 2,3-naphthalenediol, o,0'-diphenol, p,p'-
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simul taneously with the chip placenent, a heater part is heated to a
tenperature not |lower than the nelting point of the solder to nelt the
solder. In this nmanner, the sem conductor device shown in Fig. 1is
produced. Al though a sem conductor element 3 having plurality of connecting
el ectrode parts 2 was used in the sem conductor device production process
descri bed above, production processes usable for the sem conductor device
of the invention should not be construed as being limted thereto. Use nmay
be nmade of _a wiring board 1 on which plurality of connecting el ectrode
parts 29aRDENBden foPhERheRPbrehdnd. ThésH{Arbkdsesvehenyk) methane he
thernosetting resin conposition 7 are suitably determ ned according to the
si ze of xVI:llegBﬁfi&Bﬁducﬁ%’rY]é’ﬁre%}Y%“t o Be 3 BERP¥4eRAd I¥Edirzel o~ t he

her i | ti | t f d. . th i duct | t, i.e.
e o BytEapRs ot T e anan s 1 SRS o fol by |
tightl filli 1 bet t 1 t | t 3 dth
wi oMo BeReanBdibEs, P AR o S e e B e PP LR R R AR o1 devi ce

duct i d i . t h whj
product {00 _RLRCSSS e?ﬁ%%gf%)gﬁ%ﬂ:ol e {;gggggaiurea o _gg&ipggb]y

thernosetting resin c i's 'hea or felting is su

det er m agdsehiddy (56T RBeaCaguRle Wx Uie BS@bihgelshapee o (i mepdl conduct or
el enent 3 and wring board Z, nelting point of the connecting el ectrode
parts 2thaebkbeni ng point - 29 and heat resistance of the thernosetting
resin conposition 7, etc. The epoxy resin, hardener, flux activator,

m crocapsul e typrahpldeni 8§ artelsidt ®®s, ikar geakpgl aceeheasd or (3pnd
inorganic filler shown bel ow were prepared prior to Exanpl es and

Conpar atined uidearp hgsirddepoxatdresany riddrsgelen t foegaxic rgsoups epaaly
equi val ent, 185 g/eq) [Hardener] Cresol novolac resin (hydroxyl equivalent,
104 g/ e@p pRkyR geoupst beyingdi pi toadi dathehoatsmacahdearhoy¥eins nyl et her

pol ymer (acid eguivalent, 280 g/ ol ; average nol ecul ar. wei ght (M), 1300)
he shells may contain a polymer or thermoplastic

polymer having urethane bonds or another polymer besides
the polymer having a structural unit represented by general
formula (3).

The polymer having a structural unit represented by
general formula (3) accounts for preferably from 40 to 100%
by weight, more preferably from 60 to 100% by weight, of
the shells.

The microcapsule type hardening accelerator can be
produced, for example, through the following three steps.
[First Stepl

A hardening  accelerator as a core ingredient is
dissolved or finely dispersed in a polyisocyanate as a
starting material for shells ¢to form an oil phase.
Subsequently, this oil phase is dispersed in the form of

droplets into an aqueous medium (aqueous phase) containing

- 15 -



[ M crocapsul e type hardening accelerators (a) to (e)] The m crocapsul e type
har deni ng accelerators (a) to (e) shown in Table 1 were produced by the

nmet hod descri bed above. First, the a.ngredi ents shown bel ow were prepared
and m xed according to each of the fornulations shown in Table 1.

<l socyanat e nononers> (X) Ethyl acetate solution (75~ by wei ght) of adduct
of 3 nol of tolylene diisocyanate with 1 nol of trinethylol propane - 30

(Y) Ethyl acetate solution (75~ by weight) of adduct of 3 nol of xylylene

di i socyanate with 3 nmo] of.trinethylol propane (Z2).Polypheny~.ene

b0l y1 < oy BSPETERER aRFHELL R heor PHos n e P hor SEREST alBe o1 >

Pol yvin | cohol ). (PVA) _<Har.deni.ng accel erat ox> Tri.phenyl phosphi ne (TPP) A
gi ven ié%@@%n%?%i%b%%nerAsSP&?Fﬁﬁngn%ﬁrﬁéﬁ%ée %t@ngnglﬁ¥PBN§§yPﬁhosphine
(TPP) re evenly di,ssol ved ji.n t ne t.0 prepare.,an oil phase.

Subsequen? I?/?u%on sécﬁjlé%sues Cf)ﬁa%}élscgé Sl s%"fur%gﬂo?n g;loste'i}ﬁr@ Y\/\/a“’{'%l ear%‘epol yvi nyl
al cohol A) S S pr The oi : .added this
aqueougigﬁgge aﬁg thgﬁ{es <¥antfﬁ?é?u?%1€£s ehﬁ?gﬁé?éggg§ggreaf%§%t with a
homorm X651 LaPL ALY 20aSLYbAT QRtn TRES BEHYI182 UA3 LEN UG 1RO 13

pol ymeri zes equi pped with a reflux condenSer, Stirrer, and dropping funnel.
On the @Eéebilﬂa%ﬂas@f! AGUAQIH 23l ON RNt G)Wi BeulkebhYLianelddw@d ne (DTA)
was prepared. This solution Was introduced into the dropping funnel fitted
to the pol rhekeb9s caivd Whe dpolpeeochfatBe cNdaGined iint BRep@iyneri zes to
conduct interfacial polynerization at 70C for 3 hours and thereby obtain an
aqueouspbaispehsi paaot withcwatepssite thepd nterdacen pedweenethieoroilThi s
suspensi on - 31 was centrifuged to renove the polyvinyl al cohol) and

ot her ipyaseei eand ptheenadqumonhe Rhaseus tphaydeldheanaf @avinedi @nd | ed wat er
was added to the m crocapsul es, which were then redi spersed to obtain a
suspensFBACCEBEYIRLY acic@VRss ables dEdpPwmisse te t Mndex@®pendi ofalf-adj ust the

pH of the,s emto 3. Thus, a njcrocapsuyl e type hardeni ng accel erator was
pr oducea#;ﬁzaﬁﬁm hESaRFRSRgr oRBE® pr eswreﬁ_yagﬁ@geuﬁfé@&g&ﬁ%éss hel |'s and
in the bﬂ@eingér% sinereal, had, been, BLogked wi Ll form,e ggld e

m crocapSul'e type har denhing deceleFarorPThus® obtai ed™ was taken ~dut by

cent 11  4ghNthadePeR od! Ypdpheds WL RLET | pRadablBlydrd horltina L he

m crocapsul e type hardeni ng accel €rator was I sol ated” as ee-fl ow ng powder
particl RevidgesB¥RE8ELaDMAL €S Créph POBIBEed INE| deddd LK S IaNd(H0r e cont ent

of the m crocapsul e type hardeni ng accel erator obtained are shown in Table

1. On the other hand, in the case where a solid
hardening accelerator is dissolved in an organic solvent to
prepare a solution serving as a core ingredient, an S/0O/W
(solid phase/oil phase/aquecus phase) type emulsion is
obtained. This emulsion type is obtained when the
hardening accelerator is oleophilic. Although use of a
hydrophilic hardening accelerator is less apt to result in
that emulsion type, an 0O/0 (oil phase/oil phase) type or
S/0/0 (solid phase/oil phase/oil phase) type emulsion to be
subjected to interfacial polymerization may be prepared by
solubility regulation.

The organic solvent for use in this step is not

- 16 -



- 32 Table 1 Forrmul ation(a)(b)(c)(d)(e)(parts by weight)lsocyanate
nmononer 57. 7153. 4( X) | socyanat e nononer 134. 1 38. 438. 4143. 9(Y) | socyanat e
nmononer | 15. 1143. 9( Z) Pol yam ne28. 828. 828. 828. 828. 8Di sper si on
stabilizer242424Har deni ng

accel erator6l. 761. 76l . 761. 761. 7Tol uenel616161616Di stil | ed

wat er 516516516516516Aver age parti cl edi aneter of m crocapsul e

t ype33333hardeni ng accel erator (| ~)Shell thickness ofmn crocapsul e

t ypeO. 40. 40, 40, 40, 4hardeni ng accel| erator(1~)Core content of m crocapsul e
t ype30Fm0sbzobas Henilddg | 8fat OPRGt 29 [Iar d8ni hTatdelak atoom
Triphené%ghogﬁgine EXAMPLES 1 TO 4 AND COVPARATI VE EXAMPLES 1 AND 2 The
i ngr edi S fin Tabl e*5/ wePBWAYREd tRYEIATHCAR diSRFSF e®Ch of the

f | at i . sh inthe - 33. table b f [ | stirri
Lank at BN TR anm nPRiSPes SEachohBr e THF{ cHURE Tt Slih "8 %00, mosh
filter andoihen degagaadoynder vacuum 1QliS0 MUt es Lo pradugs Lhe tar get

epoxy resin conposi sem con searing. g exctherm c peak

tenmper afyr Etﬂggt Rteqel | QL dify g%&\%ff kéﬁg?{ahe%@%‘?shfgi,”Qnert%i)féne

conposi tions ai ned wes measur fh a ferential 'scannrng cal ori neter
(PyTi sl oh {BPLEQCT ULl Y, PEEK] flarkd BT R Prdt Ainda Al -4, Fat 1%k 100 mn

in the manner described above. The thernopsetting resin conmpositions thus

obt ai NedsaPB1é e £x36 | Bife 281 th FO TR At duch RO PHAS SIS 18N addt 0 a

sol der wetting test. In the test, each thernosetting resin conposition 7
was appdis&ikybnapiptiedlenesoat ed copper plate 5 which had been
surface-treated with a preflux (WhF 16 , manufactured by Tanmura Kaken) as
shown | hsécgnd Stephnd this copper plate 5 was placed on an 80C hot pl ate.
Ten sol der balls 6 [manufactured by Senju Metal Industry; 63Sn37Pb sol der
(mel ting point,A188@cking Aggsvitdeds( nafdedg PO rithe 2x0@rocapsuledi anet er,
500 ~.un] were added to the thernosetting resin Conposjtion 7 as shown in
Fig. 5.d’rﬁPgrEb‘bﬁbe?bth’P%d51Vva§ht-"h§|’trﬁltaé§&1’fror"'mii AiSn & sGlveD®FC hot

late ip.th f the 635Sn-37Pb sold QC hqt _pl.ate in th
ace of HLIRSEROREROFAL : LS RTINS A P E Ertics SHOP ddnit8et ed 1t o
obtai n L83t +Ad"BhES NG dokReFheed thil SAUDLLETons V1WA WDer Of

junctions thus -
unreacted amine present in the aqueous phase have been

removed by centrifuging or another technique.
[Third Step]

The microcapsule dispersion in which +the amino
groups have been blocked with the blocking agent in the
second step is centrifuged, filtered, or otherwise treated
to remove the excess blocking agent and then dried. Thus,
a microcapsule type hardening accelerator in a powder form
can be produced.

Examples of the dispersion stabilizer to be added
to the aqueous medium (aqueous phase) in the first step
include water-soluble polymers such as poly(vinyl alcohol)

and hydroxymethyl cellulose, anionic surfactants, nonionic
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formed fromthe solder balls 6 was counted, and the contact angle 8 between
a solder ball 6 connected and the prefl uxcoated copper plate 5 was neasured
to evaluate the wetting properties of each solder. - 35 Table 2

Exanpl eConpar at i veExanpl eFor nul ati on(parts by123412wei ht) Epoxy

resi n150. 8150. 8150. 8150. 8150. 8150. 8Phenol i c

resi n808080808080M cr ocapsul et ype hardeni ng3. 2accel er at or

(a) M crocapsul et ype hardeni ng3. 2accel erator (b) Com M crocapsul eposi -t YPe
har deni ng3, 2t i onaccel er at or c%wlcroca sul et ype har.deni ng3, 2accel er at or
(d)NIchgE§§6F§P§5e eﬁPﬁéS.?Scd§+ afftints. Also usable are

(e) Har dgni,n cel erator0. 96(.TPP) Fl activatorl2.412.412.412.412. 412. 4DSC
boak 18618959859 51801 ARRAINLE ur EHAAGRTer Substances  such s

of junctio 63Sn- 37Pb) 10/1Q10/1010/.1010/,102/ 107/ | O(nunber

of | Unct FORLPEARD AORBES 2R E1aTe MBRERLE Tos LARGRECHRE OF such as

sol dex171 j e: | 1- s37/P er | URcti ons
(Ag-Sn)Z(ﬁég éggééé/igggggﬁ%ggoégfﬁ%é?ié%#Jiﬁlé%ﬁé%#%giiniﬁgﬂ;#hﬁt)Awerage
cont act I : 484 R olelaly e = 9N - 136 Taple 2 shows
t he folﬁgaﬁEgagﬁﬁe%ﬂgiéglEgg?ggftggt?ﬁ%h%qéégagrkgg%ﬁs%%1%ﬁﬁg 'ghples wer e
superi oot Qokhpgewbiighfe Conparative Exanples in the property of wetting
the copper plate and in the proportion of junctions formed. Furthernore,

the exotherm c praksleticii® dgact | €5, bahigdd Vi ecH@ asdd il Vitdp as
differential scanning calorineter, for the thernosetting resin conpositions
obt ai nedoitn pastifxahyptlys \deme tellscasedlahghiagheritt efrper at usaspddrah t hose
for the thernosetting resin conpositions obtained in the Conparative
Exanpl ezeaktives whbth omwinge aigrxhpshat t Bzampbeser therpefik thmelude reacti on
for a thernosetting resin conposition, as neasured by differential scanning
cal or i neempoupds behieht repacl WAGu| Bab| pdBPecgFrAdPa EONPER¥R I ¢h of the
shells of the mcrocapsul e tép&ﬂhardenin accelerator, It was further

r

ascer t aPRE@1LER%: PPRr hEUERI @ Y cSOMPRTNSc A LIFRNETS FHPIRISroset ti ng
resin con? sit'oggi?homﬁn% an exothgggic §S$k.q§g to éeactiqplﬁi a
terrperafﬁ ﬁf‘bg r _ﬁah £ Eeﬁef?’mﬁ p Fht 2 ﬁ_'ue %aolfadg? %?T%l‘hgcf'a hi gher
prppo”'ﬁﬂaﬁﬁéhyn%ﬂ;&f@of or heﬂ‘e_iﬂx%%@%se%&iag é&ﬁ%&u&&@‘@%&?“ of the

invention Is aracterized by containing a flux ingredient an

M cr ocapskegbyRE Heh e Nbherse! 86akRioRaWite il ahRDhoh@yx@Rp NG function.
When the thernosetting resin conposition of the invention’s used for

tightlyfbin BNgallke SpaRcabeb¥gania ELPALERVPILE HEidd LrE@NG . Andedtid I'i NQ
board i n producing a sem conductor device of a face-down - 37 structure,
t hen r egchdsedlommicnaicdld,i dajotict iagnid,orarat i sredianideacas) | grganiie ed out

w thout via the conplicated steps heretofore in use which conprise

connect sHgfepdchumdseids a s@ridconduR tholalaneswlfiopiche eAqidr oded of a
wiring board with a npetal usin% a flux_and then injecting a sealing resin

i nto t h&@3phibaleaeRuELAOPRE ottt t WARFEHRERZSRRFIHE T i 2t Doar d.  The
composi Lhaloience pioduzes. anceleat thak e aonuct g eyl ogs gan be
phosphoric acid, nitric acid, nitrous acid, and
hydrochloric acid, and solid substances having an acid
surface, e.g., silica and Aerosil. Preferred of these
compounds are the acid compounds because they effectively
block the amino groups present on the surface of the shells

and in the inner parts of the shells. Especially preferred

are formic acid and the organic sulfonic acids.
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VWhile the invention has been described in detail and with reference to

speci fic enbodi nents thereof, it will be apparent to one skilled in the art
t hat various changes and nodifications can be made therein wthout
departing fromthe spirit and scope thereof. - 38 VWhat is Clained is: 1.

A thernosetting resin conposition which conprises: (A) an epoxy resin

havi ng at | east two epoxy groups per nolecule; (B) a hardener; (C a
conmpound represented by the foll ow ng general fornula (1) or (2) R -
(COOCH (CH3) -OR2) n (1) CH2=CHz-O R ~-OCH (CH3) - (OCO R3-COO CH (CH3)
-OR4- OCH (CH3) THCO R3O agéhk (CegaddeR4i0 G2 a@idin{t?)equtigrodiar n i s a
positive integer, and R, R2, R3, and R4 each represent an organi c group
havi ng wi vl theecaning grohpghpresadtnay tbet surface of dibef ehmitls and (D) a
m crocapsul e type hardeni ng accel erator conprising mcrocapsul es each

havi ng @ndt Adct the rmRepParts f ethenpihelny. a Moaxdenkagpdeceleer at or and
a shell covering the cqore and conprising a polyner having a structural unit
r epr esPF2EtP52t nBeEBPAodPN FPFef@se Forneing (39: ackd( RopPoEndNaSRE) - (3)

wher ei n. RS d R6 ach represent a, hydrog atomor a noval ent organic
group AR mRLAREINE SRBtor COFPFLRER AURIPGFER, IR £aRpan,

differential scannin alorinetry at .a heating rate of 1 m n,_,shows an
exot herﬁ?%l%ealgc’&l?ec"&ggreag?i ont}1yen tﬁés?ﬁﬁﬁémgf 5 1869%’:25669 - 39

microcapsule preparation (interfacial polymerization) to
regulate the pH of the dispersion, which is in a basic
region, to a value in an acid region, preferably to 2 to 5,
and then removing the excess acid compound by a treatment
such as, e.g., centrifuging or filtration.

In the second step, a technique may be used in
which the microcapsule dispersion is passed through a
column of an acid cation-exchange resin to thereby remove
free amino groups remaining unreacted or neutralize
residual amino groups.

The average particle diameter of the microcapsule
type hardening acgelerator to be obtained is not
particularly limited. However, the average particle
diameter thereof is, for example, preferably in the range
of from 0.05 to 500 pm, more preferably from 0.1 to 30 um,
from the standpoint of the property of being evenly
dispersed. The shape of the microcapsule type hardening
accelerator preferably is spherical, but may be ellipsoidal.
In the case where the shape of the microcapsule type

hardening accelerator is not truly spherical but is one
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2. A sem conductor device obtained through sealing with the thernosetting
resin conposition of claiml. 3. The thernosetting resin conposition as
claimed in claim1l1, wherein said epoxy resin to be used as ingredient (A
is at |least one resin selected fromthe group consisting of bisphenol A
epoxy resins, bisphenol F epoxy resins, novol aa epoxy resins, alicyclic
epoxy resins, nitrogen-containing ring epoxy resins, hydrogenated bi sphenol
A epoxy reins, aliphatic epoxy resins, glycidyl ether epoxy resins,

bi sphenol S epoxy resins, biphenyl epoxy resins, dicyclo epoxy resins, and
napht hawkose eddrpetesi mannpt T uhgenditionaglyediimedonpusi inomnas cl ai med
inclaim3, wherein $aid epoxy resin is at |east one resin selected from

t he gro%bltmm%i%Qlngroflﬁtsﬂhéneb phepsiprlesrnsrabges plietbe maepGXy resins,
napht hal ene epoxy resins, alicyclic_epoxy resins, and triglycidyl

i socyan%ﬁ’a?earﬁi 'Fh@ t’h’é’#%séﬂ‘tlﬁnfﬁ edhe cshapsi tiontakesl asredhen claim 1,

where~.n said e reS|n has an epoxy equivalent of from90 to 1,000 g/eq.
6. The TYeFra®s iried hmﬁﬁﬁﬁﬁsltlon as clalned inclaiml, wherein said
epoxy resin ha of t eni n t.o 160C. 7. The thernosetting
resin conpositi cf?’a‘f’??g%ap n‘]ﬁ O‘? % ¢ S4F Efer be used
as |ngred| en{__ (ol%) kﬁeath d'aést oneaggé ene sel %ctae%f Qmt he he s ILQUP -
conS|st|ng of a phéenaol i aC|draHﬁydr|§E ener s amnes, and

Bfgfﬁéggéﬁgﬁf%%%é?g%éﬁﬁﬁ?% ?al%hg%;ﬁg[?g%ﬁgﬁégﬁgésﬁgnatqﬁngé{tg e ﬁZrdener

sel ect egréEQPALIG QE:QHD 1APNEbSE0RT Y HEESRE , NBURLAC diESLAS, widaRol icC

novol ac resins, dicycl opentadi ene ring phenolic resins, phenol -aral kyl

resins, mﬁﬂﬂoﬂﬂpﬂﬁh@k from the standpoints of reactivity in a
hardening reaction, insulation of the cores, and mechanical
strength.

The proportion of the thickness of the shells to
the particle diameter of the microcapsule type hardening
accelerator is preferably from 3 to 25%, especially
preferably from 5 to 25%, from the standpoint of mechanical
strength.

The amount of the microcapsule type hardening
accelerator to be incorporated as ingredient (D) in the
thermosetting resin composition may be suitably selected so
as to impart a desired hardening rate to the thermosetting
resin composition while taking account of suitability for
soldering and adhesion. For example, the amount of the
microcapsule type hardening accelerator to be used can be
easily determined through an examination of gel time, as an

index to hardening rate, on a hot platen. In general, the

amount thereof is preferably from 0.1 to 40 parts by weight,
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9. The thernpsetting resin conposition as claimed in claim?7, wherein said
epoxy resin and the phenolic hardener are incorporated in such ratios that
t he amount of the reactive hydroxyl groups in the phenolic hardener is from
0.5 to 1.5 equival ent per equivalent of the epoxy groups of the epoxy
resin. 10. The thernosetting resin conposition as clainmed in claim1,
wherein RL in general forrmula (1) is selected fromthe group consisting of
al kyl groups having 1 to 30 carbon atons, al kylene groups having 2 to 8
carbon atons, a vinyl group, an allyl group, a phenyl group, a phenylene
group, espeaiaklyipyefevaipby hfvomgl atoR2@rpartod 8y oredygighempemridta C3N3
(OCOC2H4) s group. 11. The thernosetting resin conposition as clained in

cl ai m lpaxyherbinwR2ght géndihgl Hagdemex .( 1In casel atiegw fohemantuairgy oup

consi sting of alkyl groups having 1 to 10 carbon atons, cycloalLkyl groups
havi ng Sft §hg eHAraraRHS %NRPahéﬁ§?$€n9|ﬁgcglgﬁﬁéorlzs'Hm?klﬁnnnsettlng
resin conp05|t|on as claine inclaiml, wherein R3 in genera

formul athay | O -de| cBREH frl?ifn t H@lgF‘Gup e~ shergosettungt i GiRAIYr oups
ha¥ 19 2 SLEELULS LR eSS0, 2V A Ol Lo o€ (8 Lo (DioiZn (4)
and Xllgageb@gﬂéggeég C rOr%longed period for hardening but
also gives a cured resin having a considerably 1lowered
glass transition temperature. This cured resin may impair
the reliability of the electronic device employing the same.
Conversely, in case where the microcapsule type hardening
accelerator is incorporated in an amount larger than 40
parts by weight, there is a possibility that suitability
for soldering and adhesion might be reduced because the
composition has an exceedingly high hardening rate.

The thermosetting resin composition of the
invention, when examined by differential scanning
calorimetry at a heating rate of 10°C/min, shows an
exothermic peak due to reaction in the range of from 180 to
250°C.

Differential scanning calorimetry is a technique in
which a sample and a reference are kept under the same
conditions by heating or cooling and the energy necessary
for keeping the temperature difference between the sample
and the reference =zero is recorded against time or

temperature.

In the invention, the exothermic peak due to
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13. The thernosetting resin conposition as clainmed in claim1l1l, wherein RQ
in general formula (2) is selected fromthe group cons~.sting of functional
groups having a structure represented by any of fornulae (8) to (10): \ CH2
-H2C ~ CH2- (9) - 42 -~CH2CH20~ ( 10 ) wherein n is a positive

i nteger. 14. The thernnosetting resin conposition as clained in cl
wherein a proportion of the conpound represented by general fornul

/' (8)

(2) to

cl ai medrédictidn Medd bavhebeefvédeipr Gailyisis 03f t BReC ARG SHRANRS

gener al

aim1,
a (1) or

be used as ingredient (C) is fromO0.1 to 20 parts by weight per 100
parts by weight of all resins. 15. The thernosetting resin conposi

formula (1) or (2) is fromO.5 to 15 parts by wei ght per

tion as
ented by
00 parts

by wei ghésidf aldmpessiittison,16whIbk tdientenised t ithe rescrocapipnbe t itypeas cl ai ned
m 1, wherein said hardening accelerator is at |east one conpound

sel ect cdafdemingcageelprabos sty mMififeranrtisal scanmiey, daticeretaryconpounds,
phosphor us conpounds, quaternaré ammoni um salts, organonetallic salts, and

in clai

deri vat (RSQ) t kapedie regulpsedh

et talply r eslactbngosiansdn taend

ained in

claim 16, wherein said hardening accelerator is selected fromthe group

cor ~si singEedients 08oB| Eheo

t hernpbsettin

havi ng

foxt £

thermal hardening reaction of the thermosetting resin

tﬂfei‘fleslf’ﬁ'ity _of43this regulation are as follows.

composition of the invention, which contains the
microcapsule type hardening accelerator, is based on the
initiation of an exothermic reaction caused by the swelling
of the shells upon heating and the resultant release of the
hardening accelerator from the capsules into the
thermosetting resin and on the acceleration of the reaction
by shell decomposition due to the heat of reaction.
Because of this, a crosslink density in the shells, more
specifically the number of functional groups, number of
aromatic rings, etc. in the isocyanate monomer to be used
as a constituent ingredient for the shells, is suitably
selected, whereby the thermosetting resin composition
containing the microcapsules can be suitably regulated with
respect to the heat of reaction. In case where the
composition in differential scanning calorimetry has an
exothermic peak due to reaction at a temperature lower than
180°C, this exothermic-peak temperature is lower than the
melting points of, for example, 63Sn-37Pb solder (melting

point: 183°C) and 8n-Ag solder (melting point: 220°C).
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represented by general formula (3) is obtained by the addition

pol yneri zation reaction of a polyisocyanate with a polyamne. 19. The
ther~tosetting resin conposition as clainmed in claim1, wherein said

pol ymer having a structural unit represented by general formula (3) is
obtai ned by reacting a polyisocyanate with water. 20. The thernosetting
resin conposition as clainmed in claim18, wherein said polyisocyanate is at
| east one conpound sel ected fromthe group consisting of diisocyanates,
triisqcyanates, tetrai socyanates, an adduct of 2, 4-hexanethyl ene

di i socyconaequantlipr eftheat veddh, thickrhat oof gely| ehwrihigi sodgaxate Wth
hexanetriol, an adduct of tolylene diisocyanate with trinmethyl ol propane, an
adduct ¥FEIQMy| ede &di/i sok§Earat e sfkderimaret hfbol prgreky admpddact of
hexamet hyl ene diji~ocyanate with trinethyl ol propane, and isocyanate

pr epol yifekderahilip.  hefRBieERERAYIY esi cho?ﬁﬂi’s‘iaﬁ%n thermogiatddnen cl ai m
19, wherein said polyisocyapate is at | east one conpound selected fromthe
group cOHIFEt iHTF 0¥ 8P1“88%§75?1%’1’f‘%s,°9’}1?313§Ek’1%/aﬁat’%’s?r?‘é?§’%ﬁ]s%cm es, an

dduct .of 4: h t hyl dii t ith B t echol , dduct of
ol yI or AR ARErR ST Fo Bt EB1 Shal ARABEE CBReFary PoRE (iesocyar -at e

U1 met 1o oT R ELah CRE TS BN M ey Bl (B GRONA Ufalatly
trimet Wi olEOPANeqa; 2Rl fd at i%@fﬁvsaéaaée&g evrre%- %ﬁe Th@at

thernosetting resin conposition asS clained in claim erein said

pol yam pgesi Statcd east rresampund sel ected from the group consisting of

di ethyl enetriam ne, triethylenetetranm ne, tetraethyl enepentani ne,

1, 6- hexanet hy| enbfinmateriaect eojdyieneditakia®s and inorganic

1, 12- dodecanet hyl enedi am ne, ophenyl enedi am ne, m phenyl enedi am ne,

p- phenyhabediabs he, mayxybg ermeitlesdn nko nthgl ylbeedosaptiténg resin

p- xyl yl enedi am ne, nent hanedi am ne, bi s(4-am no-3-net hyl cycl ohexyl ) net hane,
i sophoreerRPaktien ¢f3-tdegrinvantdlahexeerrdingl tpi neadet alBsw@mrdesdi ani nes.
23. The thernosetting resin conposition as clained in claiml, wherein RS
and R6 ?h FBfererganieumgtesiatscincduds 311ape r 6AVRIGRSURISHTSsti ng of a

hyd . at | Kyl havi 1to 3 , t d . | . 24,
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silver, aluminum, nickel, and solders. Other examples of

those optional materials include pigments and dyes.
Although the amount of such an inorganic material to be
incorporated is not particularly 1limited, the proportion
thereof is desirably from 0 to 70% by weight, preferably
from 0 to 65% by weight, based on the whole composition
from the standpoints of regulating the viscosity of the
thermosetting resin composition and of the electrical
connection of a semiconductor element to a wiring board.

The thermosetting resin composition of the
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invention may be modified so as to attain a low stress by
incorporating, besides the additives shown above, an
ingredient selected from silicone oils, silicone rubbers,
synthetic rubbers, reactive diluents, and the like. An
ion-trapping agent such as, e.g., a hydrotalcite or bismuth
hydroxide may also be incorporated for the purpose of
improving reliability in a high-humidity reliability test.
Furthermore, various known additives such as, e.g.,
deterioration inhibitors, leveling agents, defoamers, dyes,
and pigments can be suitably incorporated.

The thermosetting resin composition of the
invention may be either liquid or solid at room temperature
(25°C) , and may be applied after having been formed into a
sheet. In the case where the thermosetting resin
composition is liquid at room temperature, a dispenser may
be used for applying the composition to a wiring board. In
the case where the thermosetting resin composition is solid
at room temperature, a heating dispenser may be used to
melt the thermosetting resin composition and apply the melt
of the composition teo a wiring board.

In the case where the thermosetting resin
composition of the invention is to be applied in a sheet
form, a sheet of the thermosetting resin composition can be
obtained by thermally melting the composition and extruding
the melt onto a substrate film. For facilitating sheet

formation, a rubber ingredient or the like may be added to
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toluene, xylene, methyl ethyl ketone (MEK), acetone, and
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diacetone alcohol. These may be used alone or in
combination of two or more thereof.

The invention further provides a semiconductor
device obtained through sealing with the thermosetting
resin composition described above.

The semiconductor device produced with the
thermosetting resin composition of the invention may have a
structure which comprises, as shown in Fig. 1, a wiring
board 1 and a semiconductor element 3 mounted on one side
of the wiring board 1 through plurality of connecting
electrode parts 2. A sealing resin layer 4 has been formed
between the wiring board 1 and the semiconductor element 3.

The plurality of connecting electrode parts 2 which
electrically connect the wiring board 1 to the
semiconductor element 3 may be ones which have been
disposed beforehand on the wiring board 1 or on the
semiconductor element 3. The connecting electrode parts 2
may also be ones which have been formed beforehand on each
of the wiring board 1 and the semiconductor element 3.

The material of the substrate of the wiring board 1
is not particularly limited, and examples thereof are
roughly classified into ceramic substrates and plastic
substrates. Examples of the plastic substrates include
epoxy substrates, bismaleimide-triazine substrates, and
polyimide substrates. Even in such a case where a high

soldering temperature cannot be used because of limited
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heat resistance, as in a combination of a plastic substrate
and connecting electrode parts made of a low-melting solder,
the thermosetting resin composition of the invention can be
advantageously used without particular limitations.

The material of the plurality of connecting
electrode parts 2 is not particularly limited. Examples
thereof include low-melting or high-melting solder bumps,
tin bumps, silver-tin bumps, and silver-tin-copper bumps.
In the case where the electrode parts disposed on the
wiring board are made of any of these materials, the
connecting electrode parts 2 may be gold bumps, copper
bumps, or the like.

The semiconductor element 3 is not particularly
limited and can be one for oxrdinary use. For example,
various semiconductors may be used, such as elementary
semiconductors including silicon and germanium and compound
semiconductors including gallium arsenide and indium
phosphide.

A process for producing the semiconductor device
obtained with the thermosetting resin composition of the
invention is as follows. In the case where the
semiconductor device is one which comprises a wiring board
and a semiconductor element mounted thereon through
plurality of connecting electrode parts and in which the

space between the wiring board and the semiconductor

element has been tightly filled with a sealing resin layer,
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this composition is melted to form the sealing resin layer.
An example of processes for producing the semiconductor
device of the invention will be explained below according
to the order of steps with reference to drawings.

First, the thermosetting resin composition 7 of the
invention is placed on a wiring board 1 as shown in Fig. 2.
Subsequently, a semiconductor element 3 having plurality
of connecting electrode parts (joint balls) 2 is placed
over the thermosetting resin composition in a given
position as shown in Fig. 3. The thermosetting resin
composition 7 is melted by heating on a heating stage. The
connecting electrode parts 2 of the semiconductor element 3
are caused to push aside the thermosetting resin
composition 7 in a molten state and come into contact with
the wiring board 1. Simultaneously therewith, the molten-
state thermosetting resin composition 7 is caused to fill
the space between the semiconductor element 3 and the
wiring board 1. Thereafter, metallic junctions are formed
through solder reflow and the thermosetting resin
composition 7 is then hardened to thereby tightly £ill the
space and form a sealing resin layer 4. This solder reflow
may be conducted by a junction-forming method using a

reflow oven or by a junction-forming method in which
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FITT 10984001 LahedO8Ey ( witldh MWK €hip! PAURement, 1D heater part is
heated to a temperature not lower than the melting point of
the solder to melt the solder. In this manner, the
semiconductor device shown in Fig. 1 is produced.

Although a semiconductor element 3 having plurality
of connecting electrode parts 2 was wused in the
semiconductor device production process described above,
production processes usable for the semiconductor device of
the invention should not be construed as being limited
thereto. Use may be made of a wiring board 1 on which
plurality of connecting electrode parts 2 have been formed
beforehand.

The thickness and weight of the thermosetting resin
composition 7 are suitably determined according to the size
of the semiconductor element 3 to be mounted and the size
of the spherical connecting electrodes formed on the
semiconductor element, i.e., according to the volume of the
sealing resin layer 4 to be formed by tightly filling the
space between the semiconductor element 3 and the wiring
board 1, as in the case described above.

In the semiconductor device production process
described above, the temperature to which the thermosetting
resin composition 7 is heated for melting is suitably
determined while taking account of the heat resistance of

the semiconductor element 3 and wiring board 1, melting

point of the connecting electrode parts 2, softening point
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The epoxy resin, hardener, flux activator,
microcapsule type hardening accelerators, hardening
accelerator, and inorganic filler shown below were prepared
prior to Examples and Comparative Examples.

[Epoxy Resin]

Bisphenol A epoxy resin (epoxy equivalent, 185

g/eq)
[Hardener]

Cresol novolac resin (hydroxyl equivalent, 104
g/eq)

[Flux activator]

Adipic acid/cyclohexanedimethanol/divinyl ether
polymer (acid equivalent, 280 g/mol; average molecular
weight (Mn), 1300)

[Microcapsule type hardening accelerators (a) to (e)]

The microcapsule type hardening accelerators (a) to
(e) shown in Table 1 were produced by the method described
above. First, the ingredients shown below were prepared
and mixed according to each of the formulations shown in
Table 1.
<Isocyanate monomers>

(X) Ethyl acetate solution (75% by weight) of
adduct of 3 mol of tolylene diisocyanate with 1 mol of

trimethylolpropane
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(Y) Ethyl acetate solution (75% by weight) of
adduct of 3 mol of xylylene diisocyanate with 3 mol of
trimethylolpropane

(Z) Polyphenylene polyisocyanate
<Polyamine>

Diethylenetriamine
<Dispersion stabilizer>

Poly(vinyl alcohol) (PVA)
<Hardening accelerator>

Triphenylphosphine (TPP)

A given isocyanate monomer solution in ethyl
acetate and triphenylphosphine (TPP) were evenly dissolved
in toluene to prepare an o0il phase. Subsequently, an
aqueous phase consisting of distilled water and poly(vinyl
alcohol) (PVA) was separately prepared. The oil phase was
added to this aqueous phase and the resultant mixture was
emulsified by treatment with a homomixer to obtain an
emulsion. This emulsion was charged into a polymerizer
equipped with a reflux condenser, stirrer, and dropping
funnel. On the other hand, an aqueocus solution containing
diethylenetriamine (DTA) was prepared. This solution was
introduced into the dropping funnel fitted +to the
polymerizer, and was dropped into the emulsion in the
prolymerizer to conduct interfacial polymerization at 70°C

for 3 hours and thereby obtain an aqueous suspension of a

microcapsule type hardening accelerator. This suspension
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distilled water was added to the microcapsules, which were
then redispersed to obtain a suspension. Formic acid was
added dropwise to this suspension to adjust the pH of the
system to 3. Thus, a microcapsule type hardening
accelerator was produced in which the amino groups present
on the surface of the shells and in the inner parts thereof
had been blocked with formic acid. The microcapsule type
hardening accelerator thus obtained was taken out by
centrifuging, repeatadly washed with water, and then dried.
Thus, the microcapsule type hardening accelerator was
isolated as free-flowing powder particles. The average
particle diameter, shell thickness, and core content of the

microcapsule type hardening accelerator obtained are shown

in Table 1.
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10" <: 109& ()-gH) ! 10%& ()-"!10%l& ()-"!10%l& ()-"/K)

w1 10%& ()-"110%l& ()-"!10%l& ()-"sY?)!10%l! 10%& ()-"!10%l& ()-"/K)

w1 10%0& ()-"!10%1& ()-"!10%l& (PablgHl 10%@& ()-"!10%I& ()-"/K)

w1 10%& ()-"!10%I& ()-"!10%l& ()-"110%l& ()-"gM ! 10%l& ()-"!10%l& ()-"/K)
| ! 10%& () po A QYags Ly T 10%8& () - "T10%I& ()~ "c DI T0va& ()]-"T10%& ()- "/ K)
(a) (b) (c) (d) (e)

(parts by weight)

Isocyanate monomer
(X)
Isocyanate monomer
(Y)

Isocyanate monomer

57.7 153.4

134.1 38.4 38.4 143.9

115.1 | 143.8

(2)
Polyamine 28.8 28.8 28.8 28.8 28.8
Dispersion stabilizerx 24 24 24
Hardening accelerator 61.7 61.7 61.7 61.7 61.7
Toluene 16 16 16 16 16
Distilled water 516 516 516 516 516

Average particle
diameter of
microcapsule type 3 3 3 3 3
hardening accelerator
(am)
Shell thickness of

microcapsule type

hardening accelerator

(pam)
Core content of

microcapsule type

30 30 30 30 30
hardening accelerator

(wt%)

[HRardening accelerator]
Triphenylphosphine

EXAMPLES 1 TO 4 AND COMPARATIVE EXAMPLES 1 AND 2

The ingredients shown in Table 2 were mixed

togethexr according to each of the formulations shown in the
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w1 10%& ()-"!10%l& ()-"!10%l& ()-"!10%l& () -

I gH. 1 10%1& ()-"!10%l& ()-"/K)

w1 10%0& ()-"!10%I& ()-"!10%& ()-"!10%& ()-"!"#$%& -gM ! 10%& ()-"! 10%&
“()-"1K)

w1 10%1& ()-"!10%l& ()-"!10%l& ()-"!10%l& ()-"-278>?CY?.!10% 10%& ()-"/K)
w1 10%& ()-"110%l& ()-"!10%l& ()-"!10%l& ()-"CDEFGH \} M ! 10%& ()-"/K)

w1 10%& ()-"110%l& ()-"!110%l& ()-"!10%l& ()-"!10%l& ()-"\]"_ abc} MB! 10%l&
)-"1K

~

|
i ! 10%8@P1¢ - byl owaae s )of | a0vpéveysall odd&ring ltmv}ma*()%%cuequmcsl 10% K)
| W | 10%a& ()-"!10%& ()-"!10%& ()-"!10%& ()-"!10%& ()- swxyz{|}y 1K)
| wi ! 109@&5’(‘; tangomigtures jeagly FRrel Mibkieysd - thoowsh (- "40Q0%eSK ) ") eF/ / K
?w' | 1094k EFE" I%/aah@y degpsagsd (Ynden oYESUER- HoroAR: (n)murtfeo/mf&' ()-"xY?/ 1
K) 1w !10% &' 0%1&' "110%1& ()-"!10%l&" () - "|10%1&(§ "R
| wi wix9/ PKSS ‘iﬁ d&' %e"llb' %FF) "ePIVe & f‘;’s“‘llo%@??l“ ‘%5 or

| 0, ! | ! " 0, " 0
st 184G ) Rl G by e e
w1094 ()readOP8E Oror 10288n0) of QT / LQLEASYEE L)/ Kesin

compositions obtained was measured with a differential
scanning calorimeter (PyTisl, manufactured by Perkin-Elmer
Corp.) at a heating rate of 10°C/min in the manner
described above.

The thermosetting resin compositions thus obtained
in the Examples and Comparative Examples were subjected to
a solder wetting test. In the test, each thermosetting
resin composition 7 was applied to a preflux-coated copper
plate 5 which had been surface-treated with a preflux (WLF
16, manufactured by Tamura Kaken) as shown in Fig. 4, and
this copper plate 5 was placed on an 80°C hot plate. Ten
solder balls 6 [manufactured by Senju Metal Industry; 63Sn-
37Pb solder (melting point, 183°C); Sn-Ag solder (melting
point, 220°C); ball diameter, 500 um] were added to the
thermosetting resin ¢omposition 7 as shown in Fig. 5. This
copper plate 5 was then placed for 1 minute on a 200°C hot
plate in the case of the 63Sn-37Pb solder or on a 240°C hot
plate in the case of the Sn-Ag solder. Thus, the solders
were melted and connected to obtain test samples shown in

Fig. 6. In each test sample, the number of junctions thus
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-"110%&

w1 10%& ()-"! 10%& () ()-"110%l& ()-" ABCDEFGS} M ! 10%l&' ()-"/K)

| w1 109%1& ()-"110%I& ()-"! 10%l& ()-"110%l& ()- "1 10%& ()-" STUWMKYK} M ! 10%&
/

L1 1000 ()-"110%& ()-"110%l& ()-"! 10%& ()-"!10%l& ()-"knpgsuves. / K)

w1 10918 () -1 10%I& () -1 10%i& ()-" ! 10%l& ()-"1 10%i& ()-"v}c3/ K)

v 1 10%1& () -1 109%1& ()-*1 10%i& () -1 10%d& ()-" 1 10%I& ()-"! 10%I& ()-"y_//K)

v 1 109%1& () -1 10%1& ()-*1 10%i& () -1 10%i& ()-" 1 10%I& ()-"! 10%I& ()-"y_//K)

w1 10918 ()= "1 10% | 10%& %l Ao /1K

I'wi ! 100 %d FAHRof %)Sﬂ%@/ﬂ% Jgs 6@&@%“%0%% <t§h () Yj// K§

w1 1098 (3 -3 11008 ( ' 1109%0&" ()-"! 10% %1& " hNa/ 1

10008 (329 J%o%%? ‘)’e‘a Jhoag ‘({ %6%2 ek f‘d %P%t%f&]%“” 1K) | w

bol /1 10268 dd - c4pPe8 % dea! 30VAE &Lasulgéd‘%o( Lva1hQ%& s WA O-"1K)

}ol /1 QRIS (e d OIS "SRR () -1 101 ()" 1 10%E () -1 1098 ()1 K)

1 345678} ¢l /1 10%1& ()-"110%& ()-"110%& ()-"110%i& ()-"! 10%I& ()-"! 10%l& ()

K

s =@FxY: /110! 10%I1&' ()-"! 10%1& ()-"! 10%l& ()-*! 10%I& ()-"! 10%& ()-"/K)

v FI )" abed) el /110918 () - "1 10%1& () -1 10%1& ()- "1 10%1& () - "1 10%d& ()-"/K)

| wd 1 1091’ () - def mopa] bH ! 10%l& () -1 10%l& ()-"1 10%i& ()-"1 10%d& ()-" 1 10%]

& ()-"1K)
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W 110%0& ()-"qrst{Z9.!110 F410%8 & ()- 2 108 & ()-
010% & ()-'10%& ()-"/K) Iw!10%l& ()-"8?@\B=pvU4 rf!10%!& ()-(
f110%-+! ~& ()-(210!10! 10! s<910% & ()- 8 10 & ()- &610% & ()-pvUH
rioQ 10Q ( ;910%Q & ()-( @109 & ()-10~+! ~10~+! ~10~+! ~ L<MLO%-+! ~& () -
yy! 10%-+! ~& () - z"BUH
riol10% & ()-z,!'10%8 & ()-z,!'108 & ()-z,!'108 & ()-z,!'10%8 & () -z,
,910% & ()-10Q | PABUH, ' 10 & ()-2z,!'10% & ()-2z,;c)
y'1"10%8 & ()-z,'10%8 & ()-z,!'10%W & () -z, pTBUH
F10%B & ()-2,'10%8 & ()-2,'10% & () Tabld@B & ()-2,!10W & ()-2z,!'10%B & ()-2z,!10
W& ()-z,! PABUH
FT1I0B & () -z, TIOR & () -z, TIOR & ()-Z, TI0OR & ()-Z, TIOWR & E:bm ara@l):.vey pT4BUH;
F'10% &} ()-2z,'10%8 & ()-2z,;c) "'10%&' SxaE'P fO%&'() z 1@ - 2| _?BUH,
110% & () -z, TLOYpr&rmhiZick¥ & () -z,[TI0%W & () -2z, 1098 & () Z 109% ()-z, &
(1 PABUH; ! 10% & () -(patd @3¢ & ( -ZJ.!lC%&'()-Z,j 10%&1()-2 110’/68é()- ,; C)
y! () *+|-9pT4BUH; ! 1dedgh€) -z, 1098 & () -2z, ;g
y!110% & () -z|! 16Yoky(Fesid 1094180(3-2,592BHQMN0.3BU60.8 [ 150.8 | 150.8
1109 &] () -z, ! [0Ph&Ad)icz rE4DAB & (90 2,[! 1008 & (Boz,| 1608 & (8oz, | 18R & ()-2,]"_
nqt whH{ B! 109% &' (MiaxdcHp¥uke() 1z, 10%&'()-Z,!lOOEB&'()-Z,!lo% & ()-z,;c)
ylwz}cG B! 1094 &type zl—;drt\@%.&yq -3,.20)
accelerator (a)
Microcapsule
type hardening 3.2
accelerator (b)
Microcapsule
type hardening 3.2
accelerator (c)
Microcapsule
type hardening 3.2
accelerator (d)
Microcapsule
type hardening 3.2
accelerator (e)
Hardening
accelerator 0.96
(TPP)
Flux activator 12.4 12.4 12.4 12.4 12.4 12.4
DSC peak
temperature (°C) 186 193 228 247 160 175
Number of
junctions
{(63Sn-37Pb)
(number of
junctions/total
nunber)
Average contact
Test angle of solder
re-— connected (63Sn-
sults 37pb) (°)
Number of
junctions (Ag-
Sn) (number of 3/10 4/10 | 10/10 | 10/10 | 0/10 0/10
junctions/total
nunber)
Average contact
angle of solder
connected (Ag-

Sn) (°)

Com-~
posi-
tion

10/10 | 10/10 | 10/10 | 10/10 | 2/10 | 7/10

17 12 11 11 23 21

48 47 38 36 - -
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y1110% & ()-2z,!10% & ()-z,!10% & ()-z,tXB! 10% & ()-z,!10% ! 10% & ()-z,! 10%
& ()-2z,'10%8 & ()-z,'10% & ()-z,!109% & ()-z,!10% & () -z, hLOB! 109 & () -z, ! 10%
1& ()-2,110% & ()-2,!10% & ()-z,!10% & ()-z,;C)

y! pT4B! 109 & ()-z,!10% & ()-z, ;)

y1110% & ()-2,110% & ()-z,! 109 & ()-z,tXB 10% & ()-z,!10% & ()-z,!10% & () -
2,110% & ()-2z,110% & ()-2,!10% & ()-z,!10% & ()-z,| P4BI 10% & ()-z,!10% & ()
-z, & 10% & ()-z, & 10% & () - z, |10%&'() z,:¢)

y! pT4B! 10% & (% z,110% & ()

yI1109% & ( abig g2 (§hows 19%&f9}19wm1 1003 &ﬂ@ _30ldeming (Yest ) 10% & () -

z, |10%&'() z |10%&'g z,110% & ()-z,!10% & ()-

| P4B! 10808’ gplder) bedds jin, ﬂhfo%’@ﬂ(al WEFR &“@erzwrld% &hose im)  yl

| pPOB! 1098 &'ég  110% & éz‘

y! 1109% ER) t&"’ﬁ 1‘”283;?& Gr zthe#mpex§w1m &Weftingm%% ()-z,!10
W& ()-z |10%&'4 %&'(?: | 1098 & ()-2, | 10% & ()-2 =>20hL, B! 109 &
()-z,1 169PRST) B2 %0/?&()“& RBoarEPRrE oo gpngtionps ¢

y!CDEFGk\EQQQ;%g%%éfQ}1Z é%gégééélc péais due to reaction, which

were measured with a differential scanning calorimeter, for
the thermosetting resin compositions obtained in the
Examples were observed at higher temperatures than those
for the thermosetting resin compositions obtained in the
Comparative Examples. It was thus ascertained that the
exothermic peak due to reaction for a thermosetting resin
composition, as measured by differential scanning
calorimetry, can be controlled by suitably selecting a
composition of the shells of the microcapsule type
hardening acceleratox. It was further ascertained that in
the soldering test for each solder, the thermosetting resin
compositions showing an exothermic peak due to reaction at
a temperature higher than the melting point of the solder
attained a higher proportion of junctions formed.

The thermosetting resin composition of the
invention is characterized by containing a flux ingredient
and a microcapsule type hardening accelerator having a
latent hardening function. When the thermosetting resin
composition of the invention is used for tightly filling
the space between a semiconductor element and a wiring

board in producing a semiconductor device of a face-down

- 37 -



yl110%8 & ()-z,'10%8 & ()-2,'108 & ()-z,\]"_"abt XB'10%8 & ()-z,'10% & ()-z,!10
BE& ()-2,'108& ()-2,'10% & ()-2z,'10%B & ()-2,!'10%W & () -z, bcdgrst| P4B! 10% &
()-z,'10% & ()-z, 8108 & ()-2, & 108 & ()-2,'108 & ()-2z,;cC)
y!tuvwxypT4Bl 108 & ()-z,!10%8 & ()-z,;cC
y' 1108 & ()-z,'10%8 & ()-z,'10%B & ()-z,pTBI 10N & ()-2z,!'10B & ()-2,!10% & () -
z,'10% & ()-z,'108 & ()-z,'10%B & ()-z,'108 & ()-z,| PABI 10% & ()-z,!10% & ()
-2,110%8 & ()-2,'108 & ()-2z,!'10B & ()-z,;c) y!'pT4BI10NB & ()-2,!'10B & ()-z,;
Cc
y? | 1004 %E¥YCLurq godRep) Loaifnopealing/rednlibbg eJippetirnoRogmation 100 & () -
z,'10% & (),-z,!109 0% & z,110% & ( ZIP4B|10%&'() z'lO%&'()
-7, & 103/3.12( %a%a. bé%(r:r(ﬁe qni’@ )é%( 1’(3u‘l'z ¥ia thHe complicated step

IIPOBI 1098
Y 10%11%*(3"5‘#‘3&%%& p5es &?*168% &"E“frisﬁxﬁPTB%Elt‘? Fhe1 59FRS(PE A 100 & () -

2, 110% ngdQPaS blafiend Ol sls faredtichdd “de! BRI e ' 107 € 1)
%y & 10 *is0g, HodE (3
y!pT4BIv;:9tﬁ&la()métaf'o%s§n(;) 5 ’f&l‘lx and then injecting a sealing
resin into the space between the semiconductor element and
the wiring board. The composition hence produces an effect
that semiconductor devices can be produced with high
productivity.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes
and modifications can be made therein without departing

from the spirit and scope thereof.
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y!'110% & ()-2,'10% & ()-z,!10% & ()-z, pTBI 10% & ()-z,!10% & ()-z,!10% & () -
Z,110% & ()-2,'10% & ()-2,!10% & ()-z,! 10% & ()-z, "#$% P4B! 10% & ()-z,!10%
& ()-z,110% & ()-z,'10% & ()-2,'10% & ()-z,;c)

yl 9%& ()*9pT4B! 10% & ()-z,!10% & ()-z, ;c)

y! 11098 & ()-2z,110% & ()-2z,!10% & () -z, 9>CHVRW ?B! 10% & ()-z,!10% & ()-z,!10
W& ()-2,110%8& ()-2z,'10% & ()-z,!10% & () -z, WKYbf j nhH(B! 10% & ()-z,!10% &
()-2,110% & ()-2,!10% & ()-z,110% & ()-z, ;c)

y'nrvz{|cG Bl 108 & ()-z,!'10W8 & ()-z,;c)

y! 1109 What- is! Cdeimed) 1811 10% & ()-2z,t XB 10% & ()-2z,!10% ! 10% & ()-z,! 10%
& ()-2z,'10% & ()-2,'10% & ()-z,! 109 & ()-2,!109% & ()-z,| P4B 104 & ()-z,!!10
%& ()-z, & 10% &-() - z, 7! 16beEmpsettingoq xegin; .qomposition which

y! pT4B! 10% & .()-2z,!10% & ()-z,;c)

y! 1109 S°PPX3SPE0% & ()-2,! 10% & ()-2z, t XB 10% & ()-z,!10% & ()-z,!10% & () -
z,110% & ()-2,'10% & ()-z,!10% & ()-7,'.10% & ()-z, hH(B' 10% & ()-z,!10% & ()
-z, ! 10%8(9 (2%, PRESY & 1O53R !J’l"b%’&ﬁg(?-%z least y‘.(—‘)t?; B.P?%% FHOUPS 1B¥%4 &' () -7, |
c) les
y1 11008 BOLFSPIPI00 & ()-2,110% & ()-2z, t XB 10% & ()-2,!10% ! 10% & ()-z, ! 10%
& ()-2, B9 A8 ekt tQB & ()-2,1 10% & ()-2, 1 10%R & () -z,

(C) a compound represented by the following general formula
(1) or (2):
R'~ (COO-CH (CH3) -0-R?) , (1)
CH,=CH,~-0-R"~0-CH (CH;) - (0CO~R3-COO-CH (CH3) -OR*-0-
CH (CH3) -OCO-R>~C00) ,-CH (CH3) ~-OR*-0-CH,=CH,  (2)
wherein n is a positive integer, and R!, R2, R3, and R' each
represent an organic group having a valence of 1 or higher
and may be the same or different; and
(D) a microcapsule type hardening accelerator comprising
microcapsules each having a structure made up of a core
comprising a hardening accelerator and a shell covering the
core and comprising a polymer having a structural unit
represented by the following general formula (3):
-N (R°) ~CO-N.(R®) - (3)
wherein R® and R® each represent a hydrogen atom or a
monovalent organic group and may be the same or different,
and which, when examined by differential scanning
calorimetry at a heating rate of 10°C/min, shows an
exothermic peak due to reaction in the range of from 180 to

250°C.
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| P4B! 108 & ()-z,!110%B & ()-z, & 108 & ()-z, & 109 & ()-2z,!'10%W & ()-2z,;cC)

y! pT4B' 108 & ()-2z,!'10% & ()-z,;c) y!'!110UN & ()-2,!'108 & ()-2,!10% & () -z,
" #$t XBI 108 & ()-2,!10% & ()-2,'108 & ()-2,!'10B & ()-2z,! 10N & ()-z,!10% & (
)-z,!lO@ﬂ&f()-z,$%&6789IP4B|10@6&f() z,'10% & ()-z, 8108 & ()-z, & 10% & () -
z,'10% & ()-z,;c) yl9: ;<= BRpPOB'lO@G&f() z, '10@6&f() z,;C)

y"lO@ﬂ&T() z,'10% & ()-2z,!'10% & () -z, RUX[Aad ?B1 11108 & ()-2z,!'10%B & ()-z,!
10% & () -z, I10%&'() z, I10%&'() z, I10%&'() z,dei {|}~l P4B|10%&'() z, % 10%
!&'()-z,!lO%&'%) z, '10%&' (& z, I10%&'() )

y! ~pPOB! 10% & ( Ajgg@%pqq gptqs device obtalned through sealing

y!'1'10% &, z, 1108 & ()-2z,!110% & ()-z,t XB! 109 & ( % T10%B & ()-2,!110% & () -
z,1109 ¥& *‘ %hﬁlﬁ%gzﬂ?feif%%%f&sw E°mli‘6%‘&l?’)‘ of | gl gbs & ()-2z,110% & ()

- 1 109 &' 1 109 &'
y2p$4é?f%§5&?(f f } XS g) i gﬁing(re51h comp051tlon as claimed

1110% & 100 | 109% & t XB! 10% & () -2, !10% & 1 109% &
>z/ 1 109 éf‘8 I"*‘i“foo % (‘%h%f‘?’l‘b%sé zer’l° %é‘*(s)1n i’iﬁ( BPR 0ok i‘g%)z 351 10% &'(%)

-Z, '10%§‘g§:£d§_eni:o%l§) (ys2Z: 'Q'Ooﬁegs‘:) “éne Ckesin selected from the

group consisting of bisphenol A epoxy resins, bisphenol F
epoxy resins, novolac epoxy resins, alicyclic epoxy resins,
nitrogen-containing ring epoxy resins, hydrogenated
bisphenol A epoxy resins, aliphatic epoxy resins, glycidyl
ether epoxy resins,. bisphenocl S epoxy resins, biphenyl
epoxy resins, dicyclo epoxy resins, and naphthalene epoxy
resins.

4. The thermosetting resin composition as claimed
in claim 3, wherein said epoxy resin is at least one resin
selected from the group consisting of bisphenol A epoxy
resins, bisphenol F aepoxy resins, naphthalene epoxy resins,
alicyclic epoxy resins, and triglycidyl isocyanurate.

5. The thermosetting resin composition as claimed
in claim 1, wherein said epoxy resin has an epoxy
equivalent of from 90 to 1,000 g/eq.

6. The thermosetting resin composition as claimed
in claim 1, wherein said epoxy resin has a softening point
of from 50 to 160°C.

7. The thermosetting resin composition as claimed
in claim 1, wherein said hardener to be used as ingredient

(B) is at least one hardener selected from the group
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y!lcGBI'10% & ()-2z,'10%8 & ()-z,;¢) y!'T10%B & ()-z,'108 & ()-2,!'10% & () -z,
tXB'10%8 & ()-z,'10%8 1108 & ()-z,!'108 & ()-z,!'108 & ()-z,!'108 & ()-z,!10% &
()-z,'10% & () -2z,
| PAB' 108 & ()-2z,!'110%8 & ()-2, & 108 & ()-2, & 10%B & ()-z,!'10%W & ()-z,;cC)
y!-pT4B' 108 & ()-2z,!'10%W & ()-z, ;)
y'110% & ()-z,!'10%8 & ()-z,!'10%8 & ()-z,-./0123t XB' 108 & ()-z,!'10%8 & ()-z,!'10
W& ()-2,'108& ()-2,'10W & ()-2,'10B & ()-2,!10%W & () -2z, 345EHKNhH( B! 10% &
()-z,110%8 & ()-z,'108 & ()-2,'10%8 & ()-2z,!'10%B & ()-2z,;c)
y! NQSUWénSs 8t 1084 &f (3 -pheddP4 & ¥3rdeney, acid anhydride hardeners,
yl110%8 & ()-z,!'10%8 & ()-z,!'10%B & ()-z,fghijkltXB'10%8 & ()-z,!10%!10% & () -
z,!10% @ines, | 2094 @eiz0xa2 1084 BN -QouH®MAS () -z, ! 10% & () -z, | mvwxyl P4B! 1
0B& ()-z,!'M10%B & ()-2, & 108 & ()-z, & 108 & ()-2,'10%8 & ()-2z,;cC)
ylyz{|}~pU4B 5<§109@@p(yhe{mq§gtt;nq,;g;in composition as claimed
in claim 7, wherein said phenolic hardener is at least one
hardener selected from the group consisting of cresol
novolac resins, phenolic novolac resins, dicyclopentadiene
ring phenolic resins, phenol-aralkyl resins, and naphthol
9. The thermosetting resin composition as claimed
in claim 7, wherein said epoxy resin and the phenolic
hardener are incorporated in such ratios that the amount of
the reactive hydroxyl groups in the phenolic hardener is
frxrom 0.5 to 1.5 equivalent per equivalent of the epoxy
groups of the epoxy resin.
10. The thermosetting resin composition as claimed
in claim 1, wherein R' in general formula (1) is selected
from the group consisting of alkyl groups having 1 to 30
carbon atoms, alkylene groups having 2 to 8 carbon atoms, a
vinyl group, an allyl group, a phenyl group, a phenylene
group, aromatic ring groups having a valence of 3 or higher,
and a C3N3 (OCOC:H;)3 group.
11. The thermosetting resin composition as claimed
in claim 1, wherein_R2 in general formula (1) is selected
from the group consisting of alkyl groups having 1 to 10
carbon atoms, cycloalkyl groups having 3 to 8 carbon atoms,

and aromatic ring groups.

12. The thermosetting resin composition as claimed
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y!1110% & ()-z,!10% & ()-z,!10% & () -z, +2345vi\ O s<: 10% & 10C! 10C! 10C

9<: 10%C & ()- y!10%C & ()-/ y!10%C & ()-/!10! 10! 10! 51gvU40 y' ! 10%C! & () - S/
y' 110% & ()-S/10i 110i ' 10i! <:10%!& ()- S& 10% ! & ()-3

S&10% ! & ()-3g(>{Z9vU40 y' 110%CI & ()-S/ y' 110%CI & ()-S/ y' | 109%& ()- S/
y' 11090 & ()-S/'y' 110%z& ()-S y' 110%C & ()-S/ >Wyz{| vWiO vy ! 109& () - Z(
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wherein n is a positive integer and X is a bivalent organic
group.

13. The thermosetting resin composition as claimed
in c¢laim 1, wherein R? in general formula (2) is selected
from the group consisting of functional groups having a

structure represented by any of formulae (8) to (10):

~en ) (8)

gl
N

-H,C CH,- (9)
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—€CH2CH20}; (10)

wherein n is a positive integer.

14. The thermosetting resin composition as claimed
in c¢laim 1, wherein a proportion of the compound
represented by general formula (1) or (2) to be used as
ingredient (C) is from 0.1 to 20 parts by weight per 100
parts by weight of all resins.

15. The thermosetting resin composition as claimed
in claim 14, wherein the proportion of the compound
represented by general formula (1) or (2) is from 0.5 to 15
parts by weight per 100 parts by weight of all resins.

16. The therﬁosetting resin composition as claimed
in eclaim 1, wherein said hardening accelerator is at least
one compound selected from the group consisting of tertiary
amines, imidazole compounds, phosphorus compounds,
quaternary ammonium salts, organometallic salts, and
derivatives thereof.

17. The thermosetting resin composition as claimed
in claim 16, wherein said hardening accelerator is selected
from the group consisting of imidazole compounds and
organophosphorus compounds.

18. The thermosetting resin composition as claimed

in claim 1, wherein said polymer having a structural unit

- 43 -~



represented by general formula (3) is obtained by the
addition polymerization reaction of a polyisocyanate with a
polyamine.

19. The thermosetting resin composition as claimed
in claim 1, wherein said polymer having a structural unit
represented by general formula (3) is obtained by reacting
a polyisocyanate with water.

20. The thermosetting resin composition as claimed
in claim 18, wherein said polyisocyanate is at least one
compound selected from the group consisting of
diisocyanates, triisqgcyanates, tetraisocyanates, an adduct
of 2,4-hexamethylene diisocyanate with Brenzcatechol, an
adduct of tolylene diisocyanate with hexanetriol, an adduct
of tolylene diisocyaméte with trimethylolpropane, an adduct
of xylylene diisocyanate with trimethylolpropane, an adduct
of hexamethylene diisocyanate with trimethylolpropane, and
isocyanate prepolymers.

21. The thermosetting resin composition as claimed
in claim 19, wherein said polyisocyanate is at least one
compound selected from the group consisting of
diisocyanates, triisécyanates, tetraisocyanates, an adduct
of 2,4-hexamethylene diisocyanate with Brenzcatechol, an
adduct of tolylene diisocyanate with hexanetriol, an adduct
of tolylene diisocyanate with trimethylolpropane, an adduct
of xylylene diisocyanate with trimethylolpropane, an adduct

of hexamethylene diisocyanate with trimethylolpropane, and
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isocyanate prepolymers.
22. The thermosetting resin composition as claimed
in claim 18, wherein said polyamine is at least one

compound selected from the group consisting of

diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, 1,6-hexamethylenediamine, 1,8-
octamethylenediamine, 1,12-dodecamethylenediamine, o-

phenylenediamine, m-phenylenediamine, p-phenylenediamine,
o-xylylenediamine, m-xylylenediamine, p-xylylenediamine,
menthanediamine, bis(4-amino-3-methylcyclohexyl)methane,
isophoronediamine, 1,3-diaminocyclohexane, and spiroacetal-
series diamines.

23. The thermosetting resin composition as claimed
in claim 1, wherein R’ and R® in general formula (3) each
is selected from a group consisting of a hydrogen atom,
alkyl groups having 1 to 3 carbon atoms and aryl groups.

24. The thermosetting resin composition as claimed
in claim 1, wherein an amount of the microcapsule type
hardening accelerator is from 0.1 to 40 parts by weight per

100 parts by weight of the hardener.
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