9 February 2006 THERMOSETTI NG RESI N COMPCSI TI ON AND SEM CONDUCTOR DEVI CE
OBTAI NED W TH THE SANE FI ELD OF THE | NVENTI ON The present i nventd Eabroary 2006
to a thernosetting resin conposition for use in sem conductor device
production for sealing so as to fill the space between a wring board and a
sem conductor elenent, and to a sem conductor device obtained through
sealing with the thernpbsetting resin conposition. BACKGROUND OF THE

| NVENTION Wth recent inprovenents in sem conductor devices, there is a
desire for techniques for nmounting a sem conductor elenment on a wiring
board to form a fac@HEGMOSERTING RESIMNe GPMPAIITIQMIAND et hod or direct chip
attachnment nethod{. The flip chip nethod has a probl em concerning the
reliability of SEMIEONDYETOR DEVIEEF CRTALNFEWITHH MHEOSAME enent and a
wiring board, which differ fromeach other in coefficient of |inear
expansion, are directly connected to each other electrically. A technique
whi ch is being enployed aEIELIPmQEuTHE| BNEENEL@Ht i ng this probl em conprises
filling the space between sem conductor_elenment and a wring board with a
liquid resin matBf aﬂ’r%ﬁﬁf“'cuﬁnﬁ@nttﬁé’n nBELREaF (%@ f Br iYRETRIRESI 0. Thus,

the stress . concentratin he eI ectr| cal connecti arts di ssi pat ed
into t h&SEdfed ?8’§Pﬁsf'g 8ﬁere 18onndeTH S na‘g‘F?%i I A‘?/V“fe‘n the flip

chip WEth&%uégTJ%”fgk sealing so as to fill the space between a

wiring board and a semiconductor element, and to a
semiconductor device obtained through sealing with the
thermosetting resin composition.

BACKGROUND OF THE INVENTION

With recent improvements in semiconductor devices,
there is a desire for techniques for mounting a
semiconductor element on a wiring board to form a face-down
structure (e.g., f£flip chip method or direct chip attachment
method). The flip chip method has a problem concerning the
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



9 February 2008 sol der bunps, the technique heretofore in use for filling
with a liquid material conprises first nounting a flip chip on @Febmuanyd006
board to formnetallic junctions through a solder nelting step and than
injecting a liquid resin material into the space between the sem conduct or
el ement and the wiring board based on a capillary effect. This process for
sem conduct or device production has a problem that the productivity is |ow
because it involves nany production steps. SUMVARY OF THE | NVENTI ON An

obj ect of the invention, which has been achieved under the circunstances
descri bagldesyvbumps,t &he cvecknique hbersseforag iresise cEapofitdildmanhi ch
functions to renove a netal oxide filmaor oxidation-inhibitive film

(herei nditBra }imaidomaterialprempyiresr Edsst Bauatisg @ofddd ¢hid® ement or
on the surface of the electrodes of a wiring board in sem conductor device
product PBn hetaEiPgathrrd n&or of AERi Aetalitet APPFELPDACtFRFRUSRICR as sol der

At Ai n SEXERF| QUL B TRUALSR « prchnbiRer pyRBEien” e L | BRE (4
Composi PRERS: Hho LGerToropra; RETYEED A% chRBEGOERAGEPES FeBsosi ¢ | on
whi oh CQURM RS’ w{ Alng" s8R K308 131 09 Bb:h35Y (IREROXY BQUPS Per
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;



9 February 2006 (5) a hardener; (C) a conpound represented by the foll ow ng
general formula (1) or (2); R- (COO-c9 (CHL)-ORn (1) 9 February 2006
CH=HOR-0-0i 1(CH5) - (000-R3-COO-C i (CEi i ) OR- 0O-
CH(CT-Jj )" - OCOR COOCF(CHL) OR*-0CH=CHa (2) in nis a positive intege and ,
R, R, and R each present an organLc group having a val ence of 1 or, higher
and may h- :he sane or diensnt; and (D) a microcapsnte true hardening
accel erator conmprising nmac-o _eeles each having a structure nmade ad of a
core conprising a hardening acre leretor and _ shell coecsng the core and
conpri si Eg)aapéila?ﬁ‘ﬁl“eﬁavi ng a structural unit represented by an, follow ng
g=neral o_ _-nmula (3): wherein R and R each r-nrsint a hydrogen atomor a
nonoval entT o2s CPEPGHGEp *aRd gy U5€l Phie t8&meE odr oilf e I&e %@id S, 2 when
ezan. ned_by c'i _scanning calorrnc _y at a hear ng rate of 10 Cm , shows
an exot W& nP& &)k no, to reaction in the range oo from180 to 250 C. The
i nvention iurther provides 2% a ..enrconductor device obtained through
sealing with the the %%“e? ( E}ﬂr'&"rﬁén_ sition descri bed(]))n [ 11 above.
BRI EF DESCRI PTION OF THE OnWNGS Fig _ Is a diagrammatic sectional view

' CHa=CH-0-R+0O-CH(CH)-(OCO-R#-COO-CH(CH3)-OR*0-

CH(CH:))a-CCO-R3-COO-CHE(CH:)-OR4-0-CH=CH, (2)

. . . . . 4
wherein n is a positive integer, and Rl, R2, R3, and R® each

represent an organic group having a wvalence of 1 or higher
and may be thz same or diffexent; 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 [1l] above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic sectional view



- 3 H February 2006 illustrating one enbodi nent of the sem conductor device.
Fig. 2 is a diagrammatic sectional viewillustrating one step i Pswdargi2006
the sem conductor device. Fig, 3 is a diagrammatic sectional view

il lustrating another step in producing the sem conductor device. Fig, 4 is

a diagrammatic sectional view illustrating one step in a solder wetting
test. Fig, 5is a diagrammtic sectional view illustrating another step in
a solder wetting test. Fig. 6 is a diagrammatic sectional view illustrating
still another step in a solder wetting test. Description of Reference

Nurer al #11ugtrakingoang embediamenitngfeithet send coaductdrsdeivieeduct or el enent
4 sealing resin_layer 5 preflux-coated copper plate 6 solder ball 7

t hermosetting rE3@n cofposifi ona DEPARGEBMPRSER PTSERtAONRYE | NVEYTI ON The
t her noset t i ng_rgr esin conmposition of the Invention is characterised by

conpr i sthdUFRFREIRENLRE( ALePo 1n( BFosNGisgo ey seRiceaduatore devdicsdue to

reaction in theFi&z.inge:iof firsom %80 %cia%ig%mvﬂ(iré exasrgcrtl:ei%ntﬁ di fJieerwent i al
illustrating another step in producing the semiconductor
device.

Fig. 4 is a diagrammatic sectional view
illustrating one step in a solder wetting test.

Fig. 5 is a diagrammatic sectional view
illustrating another step in a solder wetting test.

Fig. 6 is a diagrammatic sectional view
illustrating still another step in a solder wetting test.
Description of Reference Numerals

1 wiring board

connecting electrode part

2
3 semiconductor element
4

sealing resin layer

(8]

preflux-coated copper plate
6 solder ball
7 thermosetting resin composition

DETAILED 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.



scanning calorinetry at a heating rate of 10C mn. 9 February 2006 The epoxy
resin to be used as ingredient (A) in the invention is not part9 Eedraardy\2006
limted as long as it has at |east two epoxy groups per nolecul e. Exanples
t hereof 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, hydrogenated

bi sph | A ins, _ali.phati I .yci dyl th

rL:Png?obispﬁgggﬁeggéégiyrggégngfl%ﬁg %T é%;hgzgﬁ%§§%#égfﬂsgnﬁir gﬁgxgpoxy

resins, ;and napht I?L%I S SROXY; cj_{fs*' ,lx(/]\,/ﬁuighdare L nl ¥ usg__dhas €ROXY resins
tlype gl . g a P a imlite S 882’0 S 1

of the ving curea resins reauced I n Water rption. ese epoxy

resins e d L.Q .conhi.nat | t wo I.eof

Pr eferrg%?ég?' tﬁ%ﬁe e?po% %s?lluﬁg aggkb?i%ﬁ%\geb\ _e%%imf réegi 1;@,%r%l%s‘,‘:phenol F
epoxy rgakA3deNBRELRANSAC ACRR Yy TodlinS, HilpHind $PUP6LLHI LS nANd
triglycidyl 1socyanurate which™thenselves afe I1quid at foom tenperature.

Al thoughotdaae eipuey M eakhRasBudie a8l ighdtol if¥dhadt ebd NdsitRPer at ur e,
it is generally preferred to use one having an epoxy equival ent of from 90

to 1, 00@nd/ efreds DMIVEL S¢ ARV r&sihegulatiicigtike apshpnixeding,r ength

and glass transition tenperature of the cured resin to be
nitrogen-containing ring epoxy resins such as triglycidyl
isocyanurate and hydantoin epoxy resins, hydrogenated
bisphenol A epoxy resins, aliphatic epoxy resins, glycidyl
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, alicyclic 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



obtained fromthe thernosetting resin conposition. In the - 5 9 February
2006 case of using a solid epoxy resin, this resin preferably i 9 Fehmeal2006g
a softening point of from50 to 160C fromthe standpoint of a tenperature
range in which the latent activity of the |latent hardening accelerator is
mai nt ai ned. The hardener as ingredient (B) is not particularly limted, and
any of various hardeners can be used as long as it functions as a hardener
for the epoxy resin. Although a phenolic hardener is generally used as the
hardener for the epoxy resin, use may be nmade of any of various acid
anhydr i §8SRaPdeNEisg desoldd BRPXSKFASIE rithis CRfjduREEESEPIndS | ke.
These ma bgﬁused alone_or in conhination of two or nore thereof. Exanples

of the FR&n qvé%r?je_ﬁ%f‘ft?ﬁéf‘ﬁdém&lnéscﬂf MI 3l tesild CphErsy i"t:,"‘enpvol ac
napht o arfRedBE: G R L eAPRE R (TRnsbAfat PORCT T GEtTe |
t her eof .. The .epoxy. resi nd .t he enal i ¢ hardener ar.e _incqrporafed

pr ef er aBfS 1Wﬁ%§u&yﬁ: rtg‘ﬁ g‘fatteﬁ%ﬁ I;‘tarfpé;]%’t%tac(ﬁeleﬁ‘?e Fredet M | groups
in the phenolic r is flom . gui_val en referably fromoO.7
to 1.2 equival g?\'tg q‘%er}r%{e&]etf va elrlrt’&c‘)%d%%%éegggyggsr gﬁ?g‘st"&‘q?h‘fé‘ele""%g% resin

from the ;53adP0idHS iy CHEAREibhs MRAlad RS @ ®he used as long

as it functions as a hardener for the epoxy resin.
Although a phenolic 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 like. 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



and reliability concerning noisture resistance. In the case of using a

har dener ot her than phenolic hardeners, the ratio thereof (equi%Béasry 2006
ratio) may be the sane as in the 6 9 February 2006 sal e of using phenolic
hardeners. Ingredient (C) to he contained in the thernosetting resin
conposition of the invention is a conpound represented by the follow ng
general formula (1) or (2 Rs- (C00-C (CH)-OR2)" (1)

CH. r-CHO L. 0CI I (G 10(0OCOP COOCH(A tt) OO Cl-1(CH)sOCOFo0 COO CH(Cl I r) OR4
0 CA=CHe (2 Jane_ern n IS posltlve |nteger and R, R R2 and R4 earn
rcci esant ~an %r J&HE FF&aS %ﬁ e i%nce of 1 or hi gher and may he the
same or dlffe ent, rrpoun servags .as ?{:tlvator- The term

floc activator @Fél ﬁi a‘fné% agént™Rhi ackﬁlﬁdnﬁélr tt % FEEY R et ti ng

resin CQJTpOSItI ablllté/ |n sol derin Jn remove an oxide film

or gani ¢ suf)lstance OSe £ 1 6ih t h&P et at ST aces tlcs) be™ borfd&& S prevent

oxi datiqn_fr I Of eedl ng, i eatin r the syrface tension
of the m% tee(r%@sno 'Fhe %&ﬁ%ﬂ’n % err%srea1 c% Igy ge |)al o ( ila (1) or

(2) can be obtai n%d e ¥ cfgzrboxyl ic acid with Vi nyI et her
conpound. Exarrpl es o?xogeégg a?l C éiC| d include aceti cl)am d, adipic acid,

mal ei ¢ aci d, t i.d ht halic acid tI’IrTE||ItIC8.CId
pyromol litic acrgﬂl? é@ acRa@ @f{?a ﬁ@rf’p HPdH Hplds)-OR*
CH(CHz)),-OCO-R2-COO- C (CHs)-OR*-O- CH CH. (2)

wherein n is a positive integer, and Rl, Rz, Rz, and R* each
represent an organic group having a valence of 1 or higher
and may be the same or different. This compound serves as
a flux activatozr. The term flux act;vator herein means an
agent wiich imparts to the thermoset?ing resin composition
the ability in soldering to remove an oxide £ilm, organic
substances, etc. from the metal surxfaces to be bonded, to
prevent oxidation from proceeding during heating, and to
lower the surface tension of the molten solder.

The compound represented by general formula (1) or
{(2) can be obtairned by reacting a carboxylic acid with a
vinyl ether compound. Examples of the carboxylic acid

include acetic acid, adipic acid, maleic acid, fumaric acid,

itaconic acid, phthalic acid, trimellitic acid,
pyromellitic acid, acrylic acid, 1isocyanuric acid, and
carboxyl group-containing polybutadiene. Examples of the

vinvl ether ingredient include vinyl ethers hawving an
organic group having a valence of 1 or higher, such as

butyl, ethyl, propvl, iscpropyl, cyclohexyl, or allyl.

P



carboxyl group-containing pol ybutadi ene. Exanples of the v ether

resections include vinyl ethers having an organic group havi ng @Fekilan@e06f
1 or higher, such as butyl, ethyl, propyl, isopropyl, cyclohexyl, or allyl
9 February 2006 Exanples of R in general fornula (1) include aIkyI groups
having 1 to 30 carbon atons, al kyl ene groups having 2 to 8 carbon atons,
vinyl, allyl, phenyl, phenylene, aromatic ring groups having a val ence of 3
or higher, and a C3N3(000C2H4)y group. Exanples of R in general formula (1)
i nclude al kyl groups_having 1 to 10 carbon atons cyclo roups having
3 to B carbon aFﬁﬁEPlﬁﬁd°§rSnaPPc9ePFﬁglgFBEB§1aE%&%pP@§¥Hﬁé%£ik¥ Igener al

fornulaﬁ% é ¢ functl 8 | ogps havi ng_a itructure represented by any
of for AEPHES 2‘)3%19(71) §) 0°BTPPR| Ateme: XASKEIEBP @BPUPP) RIGTE /) -~
-OR3 whgreld gl L AR5 ta't‘é?ns',”te 98L12nd 1913, 2 Bl PNt g G I oup:
aromatic ring groups having a valence of 3 or higher, and a
C3N3(OCOC,H,) 3 group. Examples of R? in general formula (1)
include alkyl groups having 1 to 10 carbon atoms,
cycloalkyl groups having 3 to 8 carbon atoms, and aromatic
ring groups.
Examples of R’ in general formula (2) include
functional groups having a structure represented by any of

formulae (4) to (7):

‘éCHﬁ'n (4)
Nl (5)
N
N
U

(6)

O

0
]

c 0—X—0—C
Z 5 i S (7)
7>cH

3

wherein n is a positive integer and X is a bivalent organic

group.

Examples of R* in general formula (2) include



Exanples of R4 in general formula (2) include - 8 9 February 2006
functional groups having a structure represented by any of form@ Bebrp&)y 2006
(10) : " (" CH2CH20) (e) (9) (10) wherein n is a positive integer. This
conpound, in a sem conductor-nmounting process, exhibits flux activity and
than thermally deconposes to generate a free carboxylic acid, which is
capable of reacting with the epoxy resin. Consequently, this conmpound can
be advant ageously used as a material conbining the function of a flux
activator and the function of a hardener. The tenperature at which a free
car boxyEreckirnals oFeups hishididatads BavcHere ureRbe§ertgd| hveanyy ofel ecting a
conbi nat.ion of a carboxylic acid and a vinyl ether conpound according to
the mel EPFButerpdPat &Ped18? *vari ous metal ~bunps. Conpounds represented by
general fornmula (1) and (2) may be used al one or in conbination of two or
nore thereof. The proportion of the conmpound (C) represented by 9 February
2006 general formyla (1) or (2) in the thernosetting %§sin conposi tion of
the invention 7% referably from0.1 to 20 (

)

-H,C—  CH,- (9)

N

—ecnzcnzo}; (10)

wherein n is a positive integer.

This compound, in a semiconductor-mounting process,
exhibits flux activity and then thermally decomposes to
generate a free carboxylic acid, which is capable of
reacting with the epoxy resin. Consequently, 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



parts by weight, nore preferably from0.5 to 15 parts by weight,
particularly preferably from1 to 10 parts by weight, per 100 paFekyuay 2006
wei ght of all resins fromthe standpoints of suitability for sol der
jointing, heat resistance, and reliability concerning noisture resistance.
The term 11100 parts by weight of all resins" as used herein neans 100
parts by weight of the sumof the weight of the ingredients, such as an
epoxy resin , a hardener, a catalyst, a synthetic rubber and a reactive

di l uent, which c%nstitute the thernosetting resin conposition of the

i nvent i &FFFEInr EPEEMPEuI 11 yRF halddenitRy EREel ErexmesekEtngs T9%if edi ent
Compr | sITTPERF TR 2 oEe hAPUBREAGR Ak AR AR S Ref tGovi i ng t he

Fol Low B3 0E s MiBnero mere SRYeatit Q| FHohu0%s ) 1 CRERE R o 1
or Vo 11 et BIERBIT A o BRORUBI T OGO P B PLD N L one
|0 Wi Cidifhd C6LEV AT BR-O00URS RLESRE! df LiE SRlik BRuR Dagh biocked.

The thernosetting resin conposition, I'ch Contains the mcrocapsul e type
har deni NG ARGt Olof | SshPhbii Sy 9 EBPruakydeR06 5iJiMeigR),! | NKedd a

sol dering step because the shells prevent the cores fromconng into

physi calreanitaftica) tdhd ieliability concerning moisture resistance.
The term “100 parts by weight of all resins’” as used herein
means 100 parts by weight of the sum of the weight of the
ingredients, such as an epoxy resin, a hardener, a catalyst,
a synthetic rubber and a reactive diluent, which constitute
the thermosetting resin composition of the invention.

The microcapsule type hardening accelerator used as
ingredient (D) in the invention has a core/shell structure
made up of a core comprising any of various hardening
accelerators 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.
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 -



har dener. The conposition thus brings about satisfactory solderability. Use
of this hardening accelerator further has an advantage that it Thebruaiyid0eé
the thernosetting resin conmposition fromundesirably curing in storage,

etc. and, hence, enables the conposition to have an exceedingly prol onged
pot |life and excellent storage stability. In the m crocapsul e type hardening
accel erator, the hardening accel erator encapsul ated as cores i s not
particularly limted as long as it functions to accelerate a curing
reaction. Although hardening accelerators for ordinary use may be used, it

i s pref FFUY IV EHRT o4 oheSOIiREIRT sSTeR|PeCaESe obhe t TRkl atRFevVeR®dm t he
standpoints of workability in mcrocapsul e preparation and, properties of
the m crRQpPATES HAFEM e inGuildte PH¥Sicalperantret iﬂbghesﬂh%t only

the case of .a hardepjng accel erat or ich itself _has a |jiquid nature at
room t enpRFR R (2%1‘3) WRAPOSH ™ FElSeRFAGISc AR at %?thf#?:‘ﬁt?ﬁy solid at

t { but h b | fied .by.bei di |, ved di di
oo, | RCLSEAE D D3RS | b0l B RLS Blrphener o0 1
I ' h ' de t.ent. ' , 8-
Secel o 8D 381 AP BEagh e 3 L BSOS Yo OB hnd

2,1, 6- di pet hy! ?ﬁlﬂ%?w?{hp?%eﬂ' unh@ﬁq?iéshgaz%@elw% SUCrads, o

t .
2-ethyl -4-nmeth m dazol e and 2-nethylim , 9 February” 2006 %hosphorus
conmpoundgngUCheREe | ' ERABNXEPRASP RicHDo s 1IN RIE MY W 0SPNeREEE i ngly

tetraphenyl borate, and tetra-n-
prolonged pot life and excellent storage stability.

In the microcapsule type hardening accelerator, the
hardening accelerator encapsulated as cores is not
particularly limited as long as it functions to accelerate
a curing reaction. Although hardening accelerators for
ordinary use may be used, it is preferred to employ one
which is liquid at room temperature from the standpoints of
workability in microcapsule preparation and properties of
the microcapsules. The term “liquid at room temperature”
implies not only the case of a hardening accelerator which
itself has a liquid nature at room temperature (25°C) but
also a hardening accelerator which is solid at room
temperature but has been liquefied by being dissolved or
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]Jundecene-7, triethylenediamine, and tri-

2,1,6-dimethylaminomethylphenol, imidazole compounds such

as 2-ethyl-4-methylimidazole and 2-methylimidazole,

- 11 -



but yl phosphoni um 0, O- di et hyl phosphor odi t hi oate, quaternary ammonium salts,
organonetal lic salts, and derivatives thereof. These may be use@Feabroary 2506
in conbination of two or nore thereof. Especially preferred of these are
the i m dazol e conpounds and ozganophosohoxue conpounds fromthe

standpoi nts of ease of the preparation of hardening accel erator-containing
m crocapsul es and ease of handling. The polynmer having a structural unit
represented by general forrmula (3) is obtained, for exanple, by the

addi tion polynerization reaction of a polyisocyanate with a pol yam ne.

Al t er natPRRIBhOX MR polSAMRCUWEF be 6MChi nedaby rEaitPheaybphesphibeyanat e
wth water. The pol] yi socyanate is not particularly limted as long as it is
a conpoubtFRRReRY 1RRCIRRORI W | S hen §mn t A8dnpl BREFR N Exanpl es

i socy RECEPBosEheR rng o P sEpa ahe SERG R PiaRsS a| HesEyThatE,
ht hal |, 4-dii te, diph l.met h 4,4 -dii

5.5~ o EETRRYh, 453D honyFo2BrREGAIAAE 0 555 - i S hyPal RERYTRBt hane

4,4 - diLﬁ?&X@faF% XYL yhepend dsdiyl saeyanale s & o Al PRIy DE opane

di i socyanate, tri rre}f?'ny? enes dr socyanarte, hexarretcf'ny Ehe dr socyanat e,

propyl engy 12:dl I SocYA0AL €, E%@.‘L‘aﬁﬁ‘éf gg,zé?g%ﬁ&ﬁy%@t EneSyclohexyhgne

1, 2-diisocyanate, 9 February 00 and « hexylene 1,4-di'i socyanate,
triisocyanalfrofdlChomSouRra®Neny| §P§afbbROLDhOENSNEbRpodNEY | £P6m the

1, 4-dii sot hi ocyanat e,
standpoints of ease of the preparation of hardening
accelerator-containing microcapsules and ease of handling.

The polymer having a structural unit represented by
general formula (3) is obtained, for example, by the
addition polymerization reaction of a polyisocyanate with a
polyamine. Alternatively, the polymer can be obtained by
reacting a polyisocyanate with water.

The polyisocyanate is not particularly limited as
long as it is a compound having two or more isocyanate
groups in the molecule. Examples thereof include
diisocyanates such as m-phenylene diisocyanate, p-phenylene
diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene

diisocyanate, naphthalene 1,4-diisocyanate, diphenylmethane

4,4'-diisocyanate, 3,3'-dimethoxy-4,4'-biphenyl
diisocyanate, 3,3'-dimethyldiphenylmethane 4,4'-
diisocyanate, xylylene 1,4-diisocyanate, 4,4'-

diphenylpropane diisocyanate, <trimethylene diisocyanate,
hexamethylene diisocyanate, propylene 1,2-diisocyanate,

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

- 12 -



and et hylidyne diisothiocyanate, tetraisocyanates such as

4, 4' -di net hyl di phenyl net hane 2,2',5,5' -tetxai socyanate, an addugftelytary 2006
2, 4- hexanet hyl ene dii socyanate with Brenzcatechol, an adduct of tolyl ene

di i socyanate wi th hexanetriol, an adduct of tolylene diisocyanate with
trimet hyl ol propane, an adduct of xylylene diisocyanate with

tri met hyl ol propane, an adduct of hexanethyl ene diisocyanate with
trimet hyl ol propane, and isocyanate prepolynmers such as triners of aliphatic

pol yi socyanatea, e.g., triphenyldinmethylene triisocyanate,
t et r aphefid teYFRgF elrne t bi d adzbagavanatepetripisosyanattesnstush e
pent ai socyanate, |ysine isocyanate, and hexanet hyl ene diisocyanate. These

my be R&EPeAGRRSEAGisdrinGEanake ofx¥iblene nord dhkrediioqratate ed of
t hose pohyisoc apates is .a trivalent isocyanate prepolyner which is either
an addud@®dbfeERy{idyge diisetidesyantten e ESPEYPRIBARE S¥CharRaidduct of

xyl yl ene, dj i spc ate. wi.th trimethyl ol ne, fromthe standpoints of
£ 1 m 1 orhihg TSI PR ARG AR LPe 2 pPepar SEE5RIEREYRBENEN 3
strength,  Furth res trinhenyl di nethyl ene triiso ate also .c be used
as a gpraeqccl;urcrteao ef:)o ’yfshoecxyaé“r% é’ﬁyefhee r%b’f %°acrﬁ YD vb’eéy Zé;’&?%zdc ﬁ??}"ﬁ:’e

ol yi so n S t i I i as, .| ' ' compound
o) ng D Shuck? SbT Ha3haknld i Ysollhhfle Shui (i IndRabbeiiaR, SOV |

2006 t heJpict Nt uds fi i SNy AL NE widh Sl ENS BS T She, an
adduct of xylylene diisocyanate with trimethylolpropane, an
adduct of hexamethylene diisocyanate with
trimethylolpropane, and isocyanate prepolymers such as
trimers of aliphatic polyisocyanates, e.g.,
triphenyldimethylene triisocyanate, tetraphenyltrimethylene
tetraisocyanate, pentaphenyltetramethylene pentaisocyanate,
lysine isocyanate, and hexamethylene diisocyanate. These
may be used alone or in combination of two or more thereof.

Preferred of those polyisocyanates is a trivalent
isocyanate prepolymer which is either an adduct of tolylene
diisocyanate with trimethylolpropane or an adduct of
xylylene diisocyanate with trimethylolpropane, £from the
standpoints of film~forming properties in microcapsule
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

-~ 13 -



tetraet hyl enepent am ne, 1, 6- hexanet hyl enedi am ne, 1, 8- octanet hyl enedi am ne,
1, 12- dodecanet hyl enedi am ne, o- phenyl enedi am ne, m phenyl enedi agiFeBruary 2006
p- phenyl enedi am ne, o-xyl yl enedi am ne, m xyl yl enedi an ne,

p- xyl yl enedi am ne, nenthanedi am ne, bis

(4-am no- 3- net hyl cycl ohexyl ) net hane, i sophoronedi an ne,

1, 3-di am nocycl ohexane, and spiroacetal - series diam nes. These may be used
alone or in conmbination of two or nore thereof. In the reaction of a

pol yi socyanal e Wit er ..an mne_i.s first for t pe, hydr ol ysi s of

t he polgl socﬁfana nrél' 1‘31%% tﬁllgtg%'a"ﬁger 528 sln\?vi’théfﬁggg¥g%?3gﬁ¥“éxmb?%t1ps

remai ni ngg £, - sel f;- pal |t} r i to t hgreby vyiel
a pol yner ﬁ:g%%n s‘tgtrl%gét)rbg%{d&%hi ts lr’%g%%%%egg?gfnfgﬁ%%%%%’or mu a§(3).
Exanpl €So Ot ah e PPLYER] af ST | L UL NPy LBESSOGhL Sny 1 MELBELMI AS! Ude g

pol yur et hane- polgﬁ%ea whi ch has, _bés?des ?%_gse %trgct u%g H%I_hi ts, urethane
bonds f os&tk Dand$i Nl fe , POh YWY feRbELAR né N Cﬁﬂ@hgﬁ*léﬂeéﬂéﬂiﬁg? ,

pol yi socyanate. The pol yhydric alcohol may be any ‘of aliphatic, aromatic,
and al i cycky Ty Dénesdi &) es m-igigalencdlanmdde Cat gckply1 6£EQLEMINE,

1, 2-di hydr oxy- 4- net hyl benzene, 1, 3- di hydroxy- 5-net hyI%enzene,

3, 4- di hymsmtlyahedbitindenzensis (8- anihbysirmayhil 8t hyhdLP pi€thane,

2, 4- di hydr oxyet hyl benzene, 1, 3-napht hal enedi ol, 1, 5-napht hal enediol, 2,7-
napht hal 2sephoton@d Bamipdt hh) 2rdtaminocycl oliépimeapl ang, spiroddetdl+ebruary
2006

o

series diamines. These may be used alone or in combination
of two or more thereof.

In the reaction of a polyisocyanate with water, an
amine is first formed by the hydrolysis of the
polyisocyanate and this amine reacts with the isocyanate
groups remaining unreacted (so-called self-polyaddition
reaction) to thereby yield a polymer having structural
units represented by general formula (3).

Examples of the polymer constituting the shells
further include a polyurethane-polyurea which has, besides
those structural units, urethane bonds formed by using a
polyhydric alcohol in combination with the polyisocyanate.

The polyhydric alcohol may be any of aliphatic,
aromatic, and alicyclic ones. Examples thereof include
catechol, resorcinol, 1,2-dihydroxy-4-methylbenzene, 1,3-
dihydroxy-5-methylbenzene, 3,4-dihydroxy-l-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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or phaned, bi sphenol A, bis(2-hydroxyphenyl)nethane, xylylenediol, ethylene
glycol, 1,3-propylene glycol, 1,4- butylene glycol, 1,5-pentanedd béhruary 2006
1, 6- hexanediol, 1,9- heptanediol, 1,8-octanediol, 1,1,1-trinethylol propane,
hexanetriol, pentaerythritol, glycerol, and sorbitol. These nmay be used
alone or in conbination of two or nore thereof. Exanples of A' and R6 in
general fornmula (3) include a hydrogen atom and nonoval ent organi c groups
such as al kyl groups having 1 to 3 carbon atonms and aryl groups. The shells
may contain, a | ymer,_.or_.t hernopl gstic ol yner havi ng urethane bonds or
anot her %’d??‘rarrﬁ?besi FESPRGRC ol y%ér hal\?gﬁéxgggfifﬁifmﬁﬁflygkf“fetﬁéﬁfesent ed by
gener al . | ye | ng.aa.structyral unit represgnted by
gener al ?%?%gFéé?%giécggﬁﬁ?%%éné%é§§%fa%V? PF%%V%&%ﬁJ%i&ﬁgfbyﬁwgight, nor e
pref erably+{195:60440.490% By 2] ot he shel : 0 crogapsul e type
har deni ng accel era o?ccaﬁ be'%ﬁﬁﬁﬂﬁiﬁfgﬁ%#’exghglééx?%ggtg¥'thg’PolIomﬁng

three stREptantfibst Staplg-Adtaifieiidlg accel erateriastRytsiprbpanedi ent is
di ssolved or finely dispersed in a polyisocyanate as a ~starting nateri al

for shel hexhRetPidL AN QdntAlASAhriNAISCqUENLERrolNi S Bid PBaEBiits1di spersed
in the formof droplets into an aqueous nedi um (aqueous phase) containing 9
FebruaryTR896 may be used alone or in combination of two or more

thereof.

Examples of R° and R® in general formula (3)
include a hydrogen atom and monovalent organic groups such
as alkyl groups having 1 to 3 carbon atoms and aryl groups.

The 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 Step]

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
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a dispersion stabilizer to produce an oil-in-water type (01W enulsion. A
pol yanine is added to and dissolved in the aqueous phase of thi%Fesrwary 2006
enul sion to thereby cause the am ne to undergo interfacial polynerization
and polyaddition reaction with the polyisocyanate contained in the oi
phase. Alternatively, the OMenulsion is heated to thereby cause the

pol yi socyanate contained in the oil phase to react with water at the

i nterface between the oil phase and the aqueous phase to yield an am ne and

successiyelyl spause bl geafl N Lo Wileh8Badatel dn RehVAddLLLAD regsL! on.

Thus, a nrccocCapsul e dispersion is obtalne I ch contains mcrotapsules in

whi ch theo £@) | Smu s Eofifdea0h A Jadlivld €8s PRLYLET top'é?xfderc?j%élolebeqpl yHrea
havi ng structural units represénted by general fornmula (3). On the other

hand, inthdeagastu i Lsd 0! L1l s e/ Welhils PO LS BhOFeby £hes0l ¥Rd in an
organic solvent to prepare a solution serving as a core ingredient, an

S/QW (&@ingl phase/ oidnddirfie/ aqUREHESERRASE) t YA yi8HiHa¥IdnS Okl ned.
This enul sion type is obtained when the hardening accelerator is

ol eophi | pelysddioimh He&cbion whyHr aple Ipdd yiaddispinracsal eiiaied in | ess apt
toresult in that enulsion type, an 0/0 (oil phase/oil phase) type or

S/ 0/ 0 (sbthe dophapbasel. pdsemidtiprdse) thg@eOéWulesudsibn biss sedtedted to
interfacial polynerization may be prepared by solubility regulation. The

or gani ¢ %ol ¢harebyr aaisd nthéi podwvdisocyamatted Faptained 2006 the oil

phase to react with water at the interface between the oil
phase and the aqueous phase to yield an amine and
successively cause this amine to undergo a self-
polyaddition reaction. Thus, a microcapsule dispersion is
obtained which contains microcapsules in which the sells
are made of a polyurea polymer, preferably a polyurea
having structural units represented by general formula (3).

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/O/W
(solid phase/oil phase/aqueous 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 O/0 (o0il 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
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particularly limted as long as it is liquid at room tenperature. It is,
however, necessary to select an organic solvent in which at | ed&telkrhary 2006
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. Also usable besides these are oils such as
phenyl xyl yl et hane and di al kyl napht hal enes. [ Second Step] A bl ocking agent
is added to the mvcrocapsul e dispersion obtained in the first step, and is

di ssol ved qr. i spersed ther.ein. effective nethod.for ,this step is to
add the®5 roé‘lﬁuﬂ'ﬁuﬁ' ent*BHEER t RE atPEr d%n 13'1 abfl i géﬁuhﬁd a%n ed anine

pr esent gé?np%l%%t?%%eous Pgasias hav}?ovpgggfér glrggggsgééﬁc?tzg %%egﬁg%r%e% anot her

t echni que. St ep] " The Nl crocapsu Sper si am no

groups hafdicen SBI9eked i nyblenbl geki pgaggentnin Loy seqgnd e | s

centrif filt or otherwse treated to renove the excess bl ocking

agent ang dARdri OfhanfbiliSs tReFeOEOGARIW K tYPGaNE dSBLBEnRECERLRIALOr N a
powder form can be produced. Exanples of the dispersion stabilizer to be

added tdx tdehpriUgEHEa BRI HAthAUEOUSy DhRSEInkN bR thnest il 1ddwc! ude
wat er - sol ubl e pol yners such as pol y(vi nyl alcoﬁol) and hydr oxynet hyl
cel | ul osthloafiidar)i C x5 draCt andSludiy) Ondrid 9 ebratleydrdHPfan . Also
usable besides these are oils such as phenylxylylethane and
dialkylnaphthalenes.
[Second Step]

A blocking agent is added to the microcapsule
dispersion obtained in the first step, and is dissolved or
dispersed therein. An effective method for this step is to
add the blocking agent after the dispersion stabilizer and
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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surfactants, and cationic surfactants. Al so usable are hydrophilic

i norgani c col |l oi dal substances such as colloidal silica and cl a§ Fabmnerya2G96
The amount of such as a dispersion stabilizer to be added is preferably
such that the concentration thereof in the aqueous phase is from0.1 to
10% by wei ght. The bl ocking agent to be used in the second step is not
particularly limted as long as it is a conpound reactive wth am no groups.
Exanpl es thereof include conpounds which react with an amino group to forma

coval ent_bond.. such as_epoxy, conpounds, . al dehyde c ounds ci d_anhydri des,
ester cosrrlf)zgﬁan%ltsa,m%snbl fé‘%cyﬁ%ﬁf‘grqg‘d‘rrp%% "Ttargsahpl st%e?‘ééﬁb'a"?ur?ﬁ%r i ncl ude

acid corpoungs, hieh inderda e nedhnaliagt i on.peagtiogn v Lhan agino group
to forma's , such "as gani ¢ carboxylic acidS, e.g., aceflc dcid,

formc a&é%oi&’é’i | Qi%Eé;giaﬁ&dﬁﬁﬁgf%ﬁéﬁiﬂlu. O&ﬂéf‘%&oé%g' PiGKacids. e 9.

p-t ol uenesul oni ¢ aci nap enesultoni c acia,

dodecy! benacnasil ok cs &b h 1 20ROl o EOMRALACSs bROFGRDEy AChe: el DO C

acid, phosphoric acid, nitric acid, nitrous acid, ar oric acid, and
sol i d subsd abseSe VA BoNtRELHof SHhf 308, a@uBousSigHaR anyl APso |1

Preferred of these conpounds are the acid conpounds because they

ef fecti vedyloblwgkeddyhtturi no groups present on the surface of the shells

and in the inner parts of the shells. Especially preferred

The blocking agent to be used in the second step is

not particularly limited as long as it is a compound
reactive with amino groups. Examples thereof include
compounds which react with an amino group to form a
covalent bond, such as epoxy compounds, aldehyde compounds,
acid anhydrides, ester compounds, and isocyanate compounds.
Examples thereof further include acid compounds which
undergo a neutralization reaction with an amino group to
form a salt, such as organic carboxylic acids, e.g., acetic
acid, formic acid, lactic acid, and succinic acid, organic
sulfonic acids, e.g., p-toluenesulfonic acid, 2-
naphthalenesulfonic acid, and dodecylbenzenesulfonic acid,
phenol compounds, inorganic acids, e.g., boric acid,
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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are formc acid and the organic sulfonic acids. 9 February 2006 The bl ocki ng
agent is added in an anobunt equinolar wth the am no groups pre%sEeruany 2068
surface of the shells and in the inner parts of the shells. For exanple, a
practical method in the case of using an acid conpound as the bl ocking
agent conprises adding the acid substance (acid conpound) to the dispersion
just after the mcrocapsule preparation (interfacial polynerization) to
regul ate the pH of the dispersion, which is in a basic region, to a val ue
in an acid region, preferably to 2 to 5, _ and then renoving the excess acid
compound by a t FB&t pdeckiagcipgant elg). addedt inf agi pmounts idaqudimolar. In the
second step, a technique nmay be used in which the nrcrocapsul e di spersion
i s pass&dHhBfg RN FRHPDIPERSARE doR abh8nsBXERGRgEEr &&en sheldifer eby
remove free. am.no groups remai ni ng. un eag%gﬂ or neutralize residual am no
tBF ¢ r

groups. 3Pt HWer PBPEF cIRATF Sinétter cEP%ul BB R h& deni ng
acceleratortho e OQ%%%?ed iﬁ not S%art'cularly IinLtsd. Fbmev%r, t he
aver ageFparticre & et? t FBFeSASEs OF H5 &t e2pHeFEFREEIY RS he range

of fr omg! 'eOSPE.tQEQQQFUpa?%xg{e &c{) ze:LrsaebA y a{d'&?.m 0. J:h&oe%é.)ié}ﬁe L sftra%rge; he

st andpoi nt o e prope of ' ng evenly gispers ape of the

T crocangyig t)’@&nﬁéﬁﬁ&i‘i n oaC%ﬁEera%Pépé]E?e{&Lab"Msits SQP@%icalthebUt may be
el lipsoidal. in the case ere the shape of the R1crocapsu e type
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 accelerator to be obtained is not
particularly 1limited. 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 pum,
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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har deni ng accelerator is not truly spherical but is one 9 February 2006
whose di aneter cannot be unconditionally fixed, as in an elli psbfekitang2006
flat shape, the sinple average of the major axis and the mnor axis of the
shape is taken as the average particle dianeter. In the mcrocapsule type
har deni ng accel erator, the anount of the hardening accel erator encapsul ated
as the cores is preferably from5 to 804 by weight, especially preferably
from10 to 60% by wei ght, based on the whole mcrocapsules fromthe
standpoints of reactivity in a_ hardening reaction, insulation of the cores,
and mecHReS€aldianetsmyt FAnTRE RopBREPRAL bioryklY hfdkREss T LRe adhells to
the particle di,ameter of the m crocapsul e type hardenin% accelerator is

pr ef er afyPseHERL e fhatesharsy | fhe pFirriapfyeFagm 8Tt hesMRId%om t he

st andpoi_nt, of chanical. strength. The_anount of .the cr capsule type

har deni ﬁd‘lsac%‘g‘ser r "t8°%e ?’fﬁgﬁr@f‘ra?’.}:’& aé"?ﬁ’l%récﬁ eﬁg‘?ﬁ) 3 e
thernnse%grn eresi%.cqnp%§it'q$ may be suitably selected so as to inpart a
desi r ed Nardeni B race S 5 ERe eﬁérnnsetting resin conposition while taking

account of sui t 3Ri Iy il o SRASL NG ANH UG aN o 27 XA eyl e amount

I
of the mcr capsule type a%%enlng cel erator to e useé cal be " easily

determ gl oigh @k eXaThiAthe" MedflrdidP: oABaBRulkidax 49 Natleni ng
rate, on a hot platen. In general, t%e
cores is preferably from 5 to 80% by weight, especially
preferably from 10 to 60% by weight, based on the whole
microcapsules 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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anount thereof is preferably fromO0.1 to 40 parts by weight, 9 February 2006
especially preferably from1 to 20 parts by weight, per 100 par%fketsyari@Peht
of the hardener. In case where the anobunt of the macs capsul e type

har deni ng accelerator is smaller than 0.1 part by weight, the thernosetting
resin conposition not only has a considerably reduced hardening rate to
necessitate a prol onged period for hardening but also gives a cured resin
having a considerably | owered glass transition tenperature. This cured resin
may inpair the reliability of the electronic device enploying the sanme
Conver setSPeFIRrLLE PIHe A e AR ot afR AL RIHES Y Rt IRE, R%eIH%tor is

I ncorporated in an a nt | atrger than 40 arts by weight, there is a
possi bi IR3%~% HAY ¥Gi¢ if’ift§'Iil SRATEANGE - ngnaﬁﬁ%%ﬂﬂ§ﬁ§ﬁ1Fﬁ%ﬂﬂmTEPFeduced
because the, ., conposition has ,an exceedingly high. hardening rate . The

Cher oectt | Sy BBCToeaRIoIa | AP BEFEERFIY e AELONCRRER dotar IEHLER

di fferen&ﬂﬂ sgqgﬂie arEaI %ryr me;tmraxgﬁ%éar htqlaéi n h%%&?ﬁ]s%%ﬁg?‘g nr E srrgows an

exot herm ¢ peak e T0 reaction i ange o _ (
O erbadlo Eoluh MoE LAY L2 chrbisnnNy ol A amg 00 2
energy neeESSeabY nd s KaeRid10at RechemReuatipe L SH f ESLenGe JeliMRehbe sample
and the reference zero is recorded against tinme or tenperature.
also gives a cured resin having a considerably lowered
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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In the invention, the exotherm c peak due to 9 February 2006 reaction to be
observed in analysis of the thernpbsetting resin conposition, w¥kabreaneadhns
the m crocapsul e type hardening accelerator, by differential scanning
calorinmetry (DSC) can be regulated by suitably selecting constituent
ingredients for the shells of the accelerator. The reasons for the
necessity of this regulation are as follows. The thernmal hardening reaction
of the thernosetting resin conposition of the Invention, which contains the
aver capsul e type hardeni ng accelerator, is based on the initiation of an
exot her Feadten | 6A gusehiseyvede iawandifiof of hdhehethermpepthitegi ng and
the resultant rel ease of the _hardening accel erator fromthe capsules into
the theFFHet CORPOsSdSiPnrandWBihchhecreRInT atthen BicrAeapeudei oWP®y shel |
deconposition due to the heat of r ,agéﬁiron. . Because of this, a crosslink

densi ty THIHEhATEITAET s REI THTHATP R MFARALRG FURTIBAEFY gr oups,

Const1 t ulRRCY nEFBainh: PRarLERed ke | 5 FOEY PRIRr TR contt TSR Dy (he
t her nosef t | I es| o) | ti00 ontapin he m gcrocapsul es can be

sui t abl yﬁ%%la?erg%gwﬁ?{pageesﬂgﬁl%oo h{éﬂﬁeg?é%ﬁef%g% roﬁﬁ’ N case where the

composi t490 Lhe ThELRLENLAloSCAN NELgal QLIARt Lyohas b1 asal herfihg peak due

to reaction at a tenperature |ower t 180C, erm c- pea

t elrrger azwﬁmﬁ | oy adhadly t Neead®Bldd NG PO S OfnefibsExeiml e rHSHR- 372b
sol der (nmelting

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 Sn-Ag solder (melting point: 220°C).
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point: 183C) and Sn-Ag solder (nelting point: 220C). 9 February 2006
Consequently, the resin thickens or gels during solder sallow ¢Februbsf2006
soldering, to thereby inpair solderability. Incidentally, to regulate

t hernosetting epoxy resin conpositions containing a mcrocapsule type

har deni ng accel erator so as to show an exotherm c peak due to reaction at a
tenperature higher than 250C is generally extrenely difficult at present
because of the heat resistance of the shells. Qther materials (organic

mat eri al s and i norgani mat er i, al S%‘i" be added to the thernosetting resin
conposi tYYFFHEY v of®dtBor {%}’?,bs né¥d. 98X EnpABEIngr $HEARF gani ¢

mat eri al s include.silane coupling agents, titanate coupling agents, surface
nodi fi er thao i oxitd&nt's, gﬁﬁgr?ack?%%??n%(angﬁ%s 5 ef%yi not T

mat eri al i ncl.ude. various_fillers,such as alumnpa, siJjca, and .silicon
nitride s:tonl epraarl?ll%(; Y5 of %Féﬁ‘%"%ﬁ%ﬁyas 8pp’é??uf%F? ve{;},’exé’??ﬁﬁwiﬁﬁg ni ckel ,
and sol r: .eX . hog 1] I erlals inelu | gnent s
and dyes PO (Foan  paneasilonh SRERANIE LohikE8LapkHre (R

i ncor porgl Sfbd Shd P L SHAT LY Lgﬁkbe@hohp%npreqwﬁéﬂﬁc %%fociués

desirably fromO to 70% by weight, preferably fromO to 6 y wel ght,

based oned hee 4é0l $h COPPLSLLMSEra £6P8) hgh&t BERRT PEGOf i &td o, the

viscosity of the thernosetting resin conposition and of the el ectrical
extremely difficult at present because of the heat
resistance of the shells.

Other materials (organic materials and inorganic
materials) may be added to the thermosetting resin
composition of the invention according to need. Examples
of the organic materials include silane coupling agents,
titanate coupling agents, surface modifiers, antioxidants,
and tackifiers. Examples of the inorganic materials
include various fillers such as alumina, silica, and
silicon nitride and particles of metals such as copper,
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 limited, 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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connection of a sem conductor elenent to a wiring board. The thernosetting
resin conposition of the -23 9 February 2006 i nvention nay be rfbétrizm 2606
as to attain a low stress by incorporating, besides the additives shown
above, an ingredient selected fromsilicone oils, silicone rubbers,
synthetic robbers, reactive diluents, and the like. An ion-trapping agent
such as, e.g., a hydrotalcite or bisnmuth hydroxide nmay al so be i ncorporated
for the purpose of inproving reliability in a high-humdity reliability
test. Furthernore, various known additives such as, e.g., deterioration

i nhi bi t diyentdem inay Renredifiedafer 25 dresattain i densdress By suitably
i ncorporated. The thermgsetting resin conposition of the _invention may be
ei t her [YAFAPFRERNT d ReFART t chpRr adfetivesC) shawa maPoye ap@n ed after
havi ng been farned i%&o a s%get. I.n the case where_the thernpsetting resin
conposi iAFF STl T tsDohFoR e A HP spEAddFoRgy TURPSKRd for

lying t i1jon_t i1 d..ln th t
Per Mo IR s, RUEBARBS | (1At T CoRLg U oMY o 1O aLTFE: & Mbat i ng
di : the th b 15 i d appl
the ol bR Sa sy SR, %, O RO A € A Bl R0 PP

t her msgldd GRS RayCOLPOS| tx?]@niqicot&%ﬂmm £8R | 8hbO PErgPRLI &k 1N 2
sheet form a sheet”of the thernosetting resin conposition can be
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. 1In
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 to 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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obtained by thermally nelting the conposition and extruding
substrate film For facilitating sheet formation, a rubber
the like may be added to - 24 9 February 2006 the thernosett

the nelt onto a
ngréekkebevdry @006
ing resin

conposition. The rubber ingredient preferably is, for exanple, an

acrylonitrile/butadi ene copolynmer (NBR) An acrylonitrilel/but
copol ynmer having units or segnents derived fromone or nore

adi ene
ot her

copol yneri zabl e ingredients may al so be used. Exanpl es of such

copol yneri sahle ingredients include a hydrogenated acrylonit
rubber, @& HLEMRASSFEIDG HeE e QBRCSifiATene, and net hacry!

ril e/ butadi ene
ic acid.

Preferred of th§®§|ar acrylic aci,d and nethacrylic acid fromthe
18

st andpoi nt of e

berhiegsRdiegtrinateaRi Yy 181 £8F AR ned

acrylonitrile_content, i e Ris preferably from o 50% by_ wei ght,
especi@i%/pw%?ﬁ?%ﬁ??tf?gﬁ?ggt? 1888 by SERYH™® The 4&8? settinffesin
COMpOST A 00n {15 1.4 IR0 020, 06, PLOLUEEd: L OLnSXBTRLE. sddnddiEs T O] | O N0

r
manner . n “epoxy resin, conpoun resen

gener al

formul a deh)i il (Plom 6k L8E HLELOGIRSY %o&%&%ﬁn& mre H g, d@#egrﬂéé“ ar e

m xed together in respective glven anoun nea

a kneadi ng

Machi nepmase. GhlsA WH VaIsdd . St @ﬂﬁ%l@k-oﬁu%ﬁﬂ#erﬁéﬂolﬁKQﬁ%ie s

filtered through a filter and then

egassed under vacuum™ Thus, the target

t her nosefrigi@ileAtid) LOEPRES t LOMyGFHdgPated acrylonitrile/butadiene

rubber, acrylic acid, acrylic esters, styrene,

and

methacrylic acid. Preferred of these are acrylic acid and

methacrylic acid from the standpoint of excellent adhesion

to metals and plastics. The combined acrylonitrile content

in the NBR is preferably from 10 to 50% by weight,

especially preferably from 15 to 40% by weight.

The thermosetting resin composition of

the

invention can be produced, for example, in the following

manner. An epoxy resin, a hardener, a compound represented

by general formula (1) or (2), and the microcapsule type

hardening accelerator are mixed together in respective

given amounts and melt-kneaded with a kneading machine,

e.g., a universal stirring tank. Subsequently, this melt
is filtered through a filter and then degassed under vacuum.
Thus, the target thermosetting resin composition can be
produced. An organic solvent can be added in oxrder to

regulate the flowability of the thermosetting resin
composition. Examples of the organic solvent include

toluene, xylene, methyl ethyl ketone (MEK), acetone, and
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produced. An organic solvent can be added in order to regulate the
flowability of the thernobsetting resin conposition. Exanples of9 Féruaydanéc
sol vent include toluene, xylene, nethyl ethyl ketone /MEE) , acetone, and 9
February 2006 di acetone al cohol. These may be used alone or in conbination
of two or nore thereof. The invention further provides a sem conductor

devi ce obtained through sealing with the thernosetting resin conposition
descri bed above. The sem conductor device produced with the thernbpsetting
resin conposition of the invention nmay have a structure which conprises, as
shown i iFqptone g aggahmyl . boartheseandnay sehecondedt oalenererntr 3 imunt ed on
one side of the wiring board 1 through plurality of connecting electrode
parts 2 combia@tinp fsitvq remxrehddharaaf formed between the wiring board 1
and the sem conductor. elenent 3. The plurality_of connecting el ectrode parts
2 which el ectrif®f | ynVGRdOn t FARANGThg RFQHIASS t R t FEMiRIEREL or

el enent may be_qnes I ch have been_  di sposed beforehand on the wring
board i %V%tﬁ?%%ﬁ\g?oﬁgﬁeflg ePFEAEARI3. WTHR cEimecthsiretettingle parts 2
may al sqo_be ones whi.cth havc{ga beeri) fcprag)e%r bef orehand on each of the wiring

0 n .

board 1 &nd 1 K& &S condudt o erene ©The material of the substrate of

the i Ting boar gyl i Sa0toRALELOM or Lty idl t e ARd ol 6 theigor are

roughly cl assifie 0 Ceram C substrates an

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 1limited
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substrates. Exanples of the plastic substrates include epoxy substrates,
i mi de-triazine substrates, and polyinide substrates. SvehFebrusiy@908&

bi smal e
case wh

ere a high soldering tenperature cannot be used because of

26 9 February 2006 heat resistance, as in a conbination of a plast
substrate and connecting el ectrode parts nmade of a |lownelting sol

t her nos
wi t hout
el ectro
| ow el
silver-
the wr
el ectro
sem con
ordi nar
el enent
sem con
for pro

limted -
i C
der, the

etting resin conposition of the invention can be advantageously used
particular limtations. The material of the plurality of connecting
e parts 2 is not particularly limted. Exanples thereof include

t157F FeHHSHRAAS 1 137 Wbl SOMIARELoR i9f Rupas kT iRt FFR RINps, and
A5 BORRR PRk o, B Ch et O R R
NG R TN 0 N R AT N
yac{‘lﬁa%italz rouﬁsg%g][us%d .vyi"%{hiuog.}q:ﬁ d>sa§zquicc%r1daurmlc0frr§i€raaé/iot}les used, such as

ary seim co ors 1 nc I Con an

ductors i ' i ar j d i hdj um_ ho | ;
Uci ng Rk aomiiat 0, ol (g ParaL ity o SRty

duci ng the sem conductor device tal ne ith the t

gernani um and conpound

process
ting

resin CURQMAJRN Phribe2 | DYeRLOpd St asuf PV iniReline aRsayhese the

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 ordihary 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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sem conductor device is one which conprises a wiring hoard and a
sem conduct or el enent nounted thereon through plurality of conn@Eebrugry 2006
el ectrode parts and in which the space between the wiring board and the
sem conductor elenment has been tightly filled with a sealing resin |layer, 9
February 2006 the process for producing this device includes a step in
whi ch the thernosetting resin conposition is interposed between the wiring
board and the sem conductor elenent and this conmposition is nelted to form
t he sealing resin layer. An exanple of processes for producing the
seni con FHECHRRT cE°bf Ptnr?éiuicrf\f’gtpbhsv\ndﬁl"lﬁé SRR BeSEHPact®rding to
t he orderh.ofh s;igﬁs w’bt h reféa{ence t o .draw ngs. Fi.rst, .the thernosetting
resin cofSE tiF8R 7- BT TRRET CTIVENIOHT s CFPROEG P a WP r i IS HRIIFT as shown
in Fig. .2 ub uent | 3 sem,conduct or el enent, 3 havi lurality of
connect ibrﬁagtw(ﬁ%élcft ﬁ"gedemp%ﬁ%alf?%f%t aﬁgl I%éf" 5L FRHVE °roveen'|'rq="%1r§t7l% nosetting
resin c 151 s s l.v.e S{tdo 0 | | 9. . T rnmosetting
osin O e et L e iU (oSl MU by ruinl Fad g
connect | R eé:@&ﬁ%?éjeo@arﬁfogegeé h%o§e%§&&\%&r thlt icbndifrsaused to
push aside the thernosetting resin conposition 7 1n a rmeten state and cone
into conjdsilcaMd thdeivhbnteoROaridil bei bl aRRRES he1lher£vddtuidde mol ten-
state thernosetting resin conposition 7 is caused to fill the space between
the semonhe iciided! FEtepARG tH refdddrite MoRrdkdwinkper eafter, metallic
junctions are formed

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 fill 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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t hrough sol der reflow and the thernobsetting resin conposition 7 is then
hardened to thereby tightly fill the space and form a sealing rek¢huany8ps
4. This solder reflow may be conducted by junction-form ng nmethod using a a
refl ow oven or by a junction-form ng nethod in which 9 February 2006

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 mann , the sem conductor device shown in Fig. 1 is produced.
Al t hough a sem conductor el enent 3 having plurality _of connecting el ectrode
parts 2 SHELRRETHE IheWisBnitdehdGRiBr PdEFERE S oduchPBhepr 3L Hescri bed
above, rodqﬁtion processes usable for the senj conductor device of the

i nvent i o3I TP bt PP LT e hst BER Rt R FRY mehEFRY PO1RE PRy be nade

f ir) b 1 whi ch L f ' | ectrod ts 2 h

been Torthd adbmndte M « BhéneeldaRy woin BES HESERBFrosERTi ng resl n
el o ! . . eooh

Comos! g Joghs. o4k RSN agordl g bochgeagl e of the

connect i ng el eoiAiRS 0 Iesbifllcd fuc S551 SODRUGL 5 FLETRG p1krfraapo0r di ng

to the volume of the “sealing resin layer 4 to be formed” by filling
the spage bebwaeetlihg sescopsysdor paheento23 d thesuiring bgased 1, as

in the case described above. In the sem conductor device production process
descri begembeydud ter t AeRalca Upeot@cthibah ghrocdder deseiribed 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
pPlurality 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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resin conposition 7 is heated for nelting is suitably determ ned while

t aki ng account of the heat resistance of the seni conductor el erfegbrgargzg06
wiring board 1, nelting point of the connecting el ectrode parts 2,
softening point 9 February 2006 and heat resistance of the thernosetting
resin conposition 7, etc. The epoxy resin, hardener, flux activator,

m crocapsul e type hardeni ng accel erators, hardening accelerator, and
inorganic filler shown bel ow were prepared prior to Exanples and

Conpar at_i ve .Exanpl es. [ Epoxy Resi Lsphenol A epoxy resin (epox)

equi val <=3a‘r{’t°1,e kﬁ?% ’Eﬁ%ﬁ%t rl‘-%%/d‘éﬁe?‘?'la E&T1°S 5\7‘61“52 Tt ‘f?ﬂ/‘éﬂ §/¥°n
equivaleyn,et%p4 g/eq) [Flux activator] acid/cycl ohexanedi net hanol /di vi nyl
et her pol'ymer ‘(acid equival ent, 280 g/ nol; average nolecular weight (M),

1300) [M crocapsyle tgggxpardg g?g,acc§ggﬁgﬁg£§ ($%%§Q (eddeigdul crocapsul e

type hardening accel erators (a (e own in € i were produced by

the et had dRseisded AP HdMlenddlP | NELAH ERLGoSHOWN DELAUES ©

prepared and m xed ac ing to eac rmul at1ons shown 1n” Table 1
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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<l socyanat e nononers> (X) Ethyl acetate solution (954 by weight) of adduct
of 3 nol of tolylene diisocyanate with 1 nol of trimethyl ol prophhebrgary 2006
February 2006 (r) Ethyl acetate solution (75% by wei ght) of adduct of 3 nol
of xylylene diisocyanate with 3 nol of trinethylol propane (2) Pol yphenyl ene
pol yi socyanate <Pol yam ne> Diethyl enetriam ne <D spersion stabilizer>

Pol y(vi nyl al cohol) (WA) <Hardeni ng accel erator> Tri phenyl phosphi ne (TPP) A
gi ven isocyanate nononer solution in ethyl acetate and triphenyl phosphine
(TPP) were evenly dissolved in toluene to prepare an oil phase,

Subsequent |y, anfYaqdddyd pRssdatsnsisedivfdoss disSti| P¥d vaterthndoHol y(vi nyl

al cohol) was. separ at el r red. The oil phase was added to_this
agqueous ﬁ%‘@et aﬁ% tﬁemf" st a?ft\&g'ﬁff‘ﬁr edhkgocyamater Wadpy3t Pedt nefit with a

honomi xer 1o btf\i an _emul sion. This enul sion was charged into a
pol ymeri 763 '%tﬁu"p;?eﬁ"%’ﬁ a reflux condenser, stirrer, and dropping

funnel. On the other, han an agueous sol ution containing
#g (P [S’I;%pqien st é’roé%lsﬁﬁ%a%% Ution was

di et hyl enetri am was' pr ep

the dropppdid, duyyiel fitted to the

Diethylenetriamine

i nt roduced into

<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 aqueous 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
polymerizer 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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pol ymeri zes, and was dropped into the enmulsion in the polynerizer to
conduct interfacial polymerization at 70C for 3 hours and ther &fjebb¥arai2A0&n
aqueous suspension of a mcr capsule type hardening accelerator. This
suspension - 31 9 February 2006 was centrifuged to renove the pol y(vinyl
al cohol) and other ingredients present in the aqueous phase. Thereafter,
distilled water was added to the m crocapsul es, which were then redi spersed
to obtain a suspension. Formc acid was added dropwi se to this suspension
to adjust the pH of th systemto 3. Thus, a nicrocapsul e type hardening
accel er AT toy dt? FSRPER e %ﬂ%gvb?%bpglﬁ?ggkht an%n°¥’h%r surface
of the shells.and in_the inner, paghs t hereof had been bl ocked with formc

d

aci d. THEFIF B UPFSSARE A% dERPnP LR Er A5 hus DREEFAERCHAs taken

out by ent.rdfugin r epeat ed| sh wi_t.h water nd then dried. Thus,
the m cr%lcsg?olsiu %‘gt‘;'/%%eﬁar aénf‘%&ggﬁﬁ& g:?’a S SERCIRLHIER ’edwmélsdf r'®2%%1 owi ng

powder p(?#ér% ﬁ%&éisgéﬁsé&ertl%g%béﬂrhig' Eughéﬁ'é'i%hu Shel il gliesgagand core

cont ent m<Trocapsul e type hardenihg accel erator obtalned are shown

ngi ;ﬁgl) Gadded &LOSWALY 280GnhaP £ dpdiUBH aEb0046aLEDXE) () (88 £parts by

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, repeatedly 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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| socyanate nononer ST.T153.4 |socyanate nonomer 134. 138. 938. 4143.9 (2)

| socyanat e nononer 115.1143.9 (E) Pol yam ne28. 828. 828. 828. 828. 8 ©Fepearyiafn6
stabi |l i ser242424 Hardeni ng accel erator6l1. 761. 761, 761 Tol uenel616161616
Distilled water 516516516516 516 Av erage particle dianeter of m crocapsul e
t ype33333 hardeni ng accelerator-- (pm) Shell thickness of vicrocappule type
0. 40. 40. 40. 40. 4 hardeni ng accel erat or

Table 1

Formulation

(parts by weight)

(a)

(b)

(c)

(d)

(e)

Isocyanate monomer

(X)

57.7

153.4

Isocyanate monomer

(¥)

134.1

38.4

38.4

143.9

Isocyanate monomer

(z)

115.1

143.9

Polyamine

28.8

28.8

28.8

28.8

28.8

Dispersion stabilizer

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
(1am)
Shell thickness of
microcapsule type

hardening accelerator

(1am)
Core content of

microcapsule type
30 30 30 30 30
hardening accelerator

(wt%)

[Hardening accelerator]
Triphenylphosphine

EXAMPLES 1 TO 4 AND COMPARATIVE EXAMPLES 1 AND 2

The ingredients shown in Table 2 were mixed

together according to each of the formulations shown in the
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(pm Core content of psule type hardeni ng accel erator3030 303030 ~ (W%

. __... [Hardening accelerator] Triphenyl phosphine EXAVMPLES 1 9€eldruah2006
COMPARATI VE EXAMPLES 1 AND 2 The ingredients shown in Table 2 were m xed

t oget her according to each of the fornulations shown in the - 33 9 February
2006 table by neans of a universal stirring tank at 80C. The resultant

m xtures each were filtered through a 400-nesh filter and then degassed
under vacuum for 30 mnutes to produce the target epoxy resin conpositions

For cactt T HEY { REPRBS L | g PEEr RoaBoRSOERE e IR o holOiias nBASur od i L1

Corp. ) At T RkREe 8 et T Eer M e or b aeehr FoctP QYR The

Lher mos gl g ' 834N GAUPOSLLLE0SA! MNPt 9L8GEn 1£d-! "Fo BiaTRIES A

npar ative Exanples were stbjected to
produce the target epoxy resin compositions for
semiconductor sealing. The exothermic peak temperature due
to reaction for each of the thermosetting resin
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 composition 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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a solder wetting test. in the test, each thernosetting resin congosition 7
was applied to a preflux-coated copper plate 5 which had been 9 February 2006
surface-treated with a preflux (W.F 16, manufactured by Tanmura Kaken) as
shown in Fig. 4, and this copper plate S was placed on an 80C hot pl ate.
Ten solder balls 6 [manufactured by Senju Metal Industry; 63Sn- 37Pb sol der
(nmelting point, 183C) ; Sn-Ag solder (nelting point, 220C); ball dianeter,
500 pa] were added to the thernpsetting resin conposition 7 as shown in

Fig. 5. Jhis .c er_plate S en_placed for m nute on_a 200C hot
bl ate | e SR s 3 Saed Bab TS ob e croumbad H AR | oS "snfeoF the
case of {001 Sy A% fOLET s T0YSer! BE1T0I Ushneiiict EId Schangcppaget ed to
obtain te sanples shown in I'g.” 6. I'n eacC est sanple, € nunber of

j uncti ong,Jaus c?o;l;ﬁ%’f EB%XBQOQGW Qr e sgxgr%’ab;{ble Ml@t&%ﬁéa‘gﬁ{é?ﬁn&w”t ed,

and t he contact etween a so 6 connecte e’ prefl ux-

coated GORRRL P& P das, NBaPyLLd to evaluate the wetting properties of
each sol'der. 9 February 2006 TConparative Exanpleex |le Fornulation (parts

by123412 Bi ght) Essay150.8150.0150. 8350. 8350. 8150.8 _ Phenol i c
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8080800080 resin Morocapsule__ - | type hardening3.2 accelerator is) Mcz
capsul e type hardeni ngl3.2 accelerator ccllerator (b) post-M crdtegsudng 200®e
har deni ng3. 2 tionaccel erator (c) M crocapsul e type hardeni ng3.2 accel erat or
(d) Mcrocapaul e type hardening 13.2 accelerator (a) Hardening
accelerator0.96 (TPP) Flux activatorl12.412.412.412.412.412.4 DSC

: A186193228241160175 (,) tameratnz

Table 2

Comparative

Example Example

Formulation
(parts by 1 2 3 4 1 2
weight)

Epoxy resin 150.8 | 150.8 | 150.8 | 150.8 | 150.8 | 150.8

Phenolic resin 80 80 80 80 80 80

Microcapsule

type hardening 3.2
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)

Number of
junctions

(63Sn-37PDb)

(number of

junctions/total
number)
Average contact
Test angle of solder
re- connected (63Sn-
sults 37pPb) (°)

Number of

junctions (Ag-

Sn) (number of 3/10 4/10 {10/10 | 10/10 | 0/10 0/10

junctions/total
number)

Average contact

angle of solder

connected (Ag-
sn) (°)

Com-
posi-
tion

186 193 228 247 160 175

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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Nunber of junctions (630n-37Pb)10/1010/1010/1010/102{107/30 (nunber of
junctions/total nunber) Average Contact Testangl e of sol der 1712%°1Rabrgary 2006
re-(635n- sults37Yb) Nunber of junctions (Ag- Sn) (nunb

of 3/ 104/ 1010/ 1010/ 100/ 100/ 10 junctions/total N Average contact angle of

sol der48: :47t: 38736 connected (Ag- Sn) (I 9 February 2006 Table 2 shows the
followng. In the soldering test, the solder balls in the Exanples were
superior to those in the Conparative Exanples in the property of wetting

the copper plaifancy | fhddle PAOPALLISRLRL | UICtLR0SL PaLEd g FULEDer MO e,

t he exotherm c peaks due to reaction, wer e neasur € a

di 1 er enihdl 5 5£ Q0P| 591 88! Oh' TRECExahiles Mo YA N "R L6 CRRPOST  ONS

obtained In the
the Comparative Examples in the property of wetting the
copper plate and in the proportion of Jjunctions formed.
Furthermore, the exothermic peaks 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 accelerator. 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
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Exanpl es were observed at higher tenperatures than those for the
thernosetting resin conpositions obtained in the Conparative Exhhgireary 2006
was thus ascertained that the exotherm c peak due to reaction for a
thernosetting resin conposition, as neasured by differential scanning
calorinmetey, can be controlled by suitably selecting a conposition of the
shells of the mcrocapsule type hardening accelerator. It was further
ascertained that in the soldering test for each solder, the thernbpsetting
resin conpositions showi ng an exotherm c peak due to reaction at a

t enper atiFHitifer ERER MRSiMel $ERYIRH MR tF L1 e ISBHIPD HAMAHAP™ hi gher

proportion qQf junctions forned. The thernosetting resin co sition of the
Pnvent | R P IFASIILARRE 95 S5 THIHE 43 (59 AR 7Rt RE <P

' le t har deni I t havi . |l atent . har deni f ti
When t hPTIRITASER (Hhg T 2sFATCR oFBBEFEFSn COPRERELPH ¢ SRIEE (oct for |
tioht !y Jdddddithadite SEAGECRET WBCNHA SETTRONMNCE Ofe CLETRL NG Ak T 1 NG
board i n produci ng a sem conductor device of- & 1 ace- down g ebruary 2006

Struct Urgs af Nen J S 363heNY MRaL | fnd URGLEOTL AUIBLADN S Gl AEEaST | Y

carried out wthout via 't conplicated steps in use ich

conpri seLHMed ¢ N0tihdespHARS bRk waenS @KeC AU GRIQIPE Y1 du dtheafd €Ct r odes
of a wiring board with a nmetal using a flux and then injecting a sealing

resin i ngKe twieriSipafoded Weahd Ronfd idGiil Hetices | rBiiicei I thn tdF&EE | NY
board. The conposition 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 wvarious changes

and modifications can be made therein without departing

from the spirit and scope thereof.
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t hat sem conductor devices can be produced with high productivity. Wile
the invention has been described in detail and wth reference t®Fslpeariyf2006
enbodi ments thereof, it will be apparent to one skilled in the art that
various changes and nodifications can be nmade therein w thout departing
fromthe spirit and scope thereof. 9 February 2006 What is Clained 1. A
thernosetting resin, conposition which conprises: (A an epoxy resin having
at | east two epoxy groups per nolecule; (B) a hardener, (C) a flux activator

r epr esent t he . fol |l owi.n eneral fornul a 1) or (2) R- (CS)-C9 (cxs
0- Eea) (1)%?0&0 BA=0uFs: Gcd ® >g<ogox MO MGV ano EZH% 043)§u) Oco- R(l czao Cfi((CH)
OR4-0 cx= c)X|3(21 V\/nereln IS hl\{glnte nleeach
represent an orgafic crotp ha\?mﬁsﬁ afénce %?lrf of’:oﬂlpé’ﬁépoﬁnd be the

sanme or dEffer ent. . and (D) a m crocaposul e type hardening accel erat or

conpri sing " Crocapsul es each having a structure nade of a core

() an epoxy resin having at least two epoxy groups bper
mclecule;

(B) a hardener;

(C) a flux activator represented by the following general formula
(1) or (2):

R'~ {COO-CH (CH3) ~O0~-R%} (1)
CHo=CH-O-R+0-CH(CH3)-(OCO-R3-COO-CH(CHa)-OR*+0
CH(CHs)»-OCO-R*-COO-CH(CHs)-OR+0-CH=CH: (2)

wherein n is a positive integexr, and Rl, R2, RB, and R® each
represent an oxganic group having a valence of 1 or higher
and may be the same or different; and
(D) & 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

excthermic peak due to reaction in the range of from 180 to

250°C.



conprising a hardening accel erator and a shell covering the core and
coprising a polynmer having structural unit represented by the 9 Rehipany 2006
general formula (3) -N (R7) -CON (A6) (3) wherein R and et each represent
a hydrogen atom or a nmonoval ent organic and which, when calorinetry at a
heating rate of 10C/ sin, snows an exotherm c peak due to reaction in the r
e of Fromtoo to 250'C 9 February 2006 2, A sem conductor devi ce obtained
through sealing with the thernosetting resin conposition of claim1l. 3. The

t hernbsetting resin_conpositi n as rein said epox
resin to be gse asA“%gﬁﬁﬁﬁ 4%?¥ﬁeliﬁﬁﬁlQﬁéa?Q£ﬁ¥rgeT%%}éﬂgfrog1tKe

group consj,st bi sehepol A e oxy r esins; F ., epoxy resins,
novol ar ebgifhggsﬂ%E cyc?$c epoxy ?%%ﬁsit °n $$kéééﬁ%ontalnlng ring

epoxy resins, hy§r°9ﬁ1{‘ t@ﬁ’erﬁ{b%@%ﬂ% ée?;ﬁ?;x%loﬂ@ NS 'J’J‘aéi&;bﬁé’ Xy

resins, egC|dyI epoxy resv , epoxy resins

epoxy reﬂnsclﬁrm O GRRNL{ESidlSd agg Qgph&l;@,hf.netsp%x aséansas4 The
al ne In C

thernosetting resin conp05|t|on as cl aim3, whereln sald epoxy
resin isiggrb@ashton@)r essn asehgabed dddM-LBEndr U LONS T $irbnd Lhebi sphenol

A epoxy

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, bisphenol 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 epoxy 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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resins, bisphenol F epoxy resins, naphthal ene epoxy resins, alicyclic epoxy
resins, and triglycidyl isocyanurate. 5. The thernosetting resinS&ebmasi2006n
as claimed in claiml, wherein said epoxy resin has an epoxy equival ent of
from90 to 1,000 g/eq. 6. The thernpsetting resin conpositio in claima1,
wherein said epoxy resin has a softening of fromb50 to 160C 7 9, The
thernosetting resin conposition as claimed in claiml, wherein said
hardener to be used as ingredient (B) is at |east one hardener sel ected
fromthe group 9 February 2006 consisting of a phenolic hardener, acid
anhydri decPRs telEts, of s phanokie herdenewi r@#gr@}a@mmmdsan@enqm
thernosetting resin conposition as claimed in claim7, wherein said

phenol i ¢ #aeRMerand BENTRXAT IR ik IRRGURES ect ed from the group

consi sting of cresol novolac resins, phenolic novolac resins,

di cycl opent adi ené® - riTRE pﬁ%‘ﬁ’é’f‘?ﬁe?%’s’?%sreﬁh@nGIOmEPa":IlHPnr &S rslaiped

napht hol .. 9. The thernpsettin 0sS n as claine inclaim?7,
mhgreln sﬁ?dC%%HQ 7 egﬁﬁrﬁﬁﬂ gﬁégpﬁgﬁ EE h %@H&F e 3t :iﬁﬁﬁﬁeﬂﬁﬁiln such
rati os that he anmount reactive h drox lic
hardenerH?s Fom ?é%ﬁé5 éhUIV%ant %h Ppeq % ﬁgngf T e % %P gr oups

of the epoXy.{&sS! sl‘%s gTﬁﬁeEP?L?.gD%%US'l?% BSTEAN O%iéiéﬁ‘exﬁéa&ie%émd in

claim1, erein ehera ormul a 1S se ec
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
from 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 C5N;(OCOC.H,)s group.

11. 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 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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fromthe group consisting of al kyl groups having | to 30 carbon atons,

al kyl ene groups having 2 to 8 carbon atons, a vinyl group, an & Fatdrugiy@op6
a phenyl group, a phenylene group, aromatic ring groups having a val ence of
3 or higher, and a C3NS(0COC2H4)3 group. 11. The thernosetting resin
conposition as clainmed in claim1, wherein R2 in general fornmula (1) is
selected fromthe group consisting of alkyl groups having 1 to 10 carbon
atons, cycl oal kyl groups having 3 to 8 carbon atons, and aromatic ring
groups 12 The thernosetting resin conposition as clainmed - 41 9 February
2006 inicl atlailm WhewkepeRd R danejetledaur nEband Py i(2) selseceAkctfdddm t he
group consisting of functional groups having a structure represented by any
of formfilrmm (Yhet griolp. ¢dnsOsOing- GEX- ancHBEN4D) xuns/) hakréngima n is a
positive integer and X is a bivalent organic group. 13. The thernosetting
resin cohusitiren reprelsentedl byn aglyaiofi formwdras (R ito gdneral fornula (2)

is sel ected
~en (4)

Y (5)

(6)

N~
N
A
ﬁ o
C—O—X—O—L‘I.
2 S i g (7)
H,C 7>cH,
wherein n is a positive integer and X is a bivalent organic
group.
13. The thermosetting resin composition as claimed
in claim 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):

—%cn;}; (8)

Y

-H,C—  -—CH,- (9)

~
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fromthe group consisting of functional groups having a structure
represented by any of fornulae (8) to (10): i Cftt (8) (9) 9 Febd Hetrya 066
CH2CH20) 7 (10) wherein n is a positive integer. 14. The thernosetting resin
conposition as clainmed in claim1, wherein a proportion of the conpound
represented by general formula (1) or (2) to be used as ingredient (C) is
from0.1 to 20 parts by weight per 100 parts by weight of all resins. 15.
The thernosetting resin conposition as clained in claim214, wherein the
proportion of the conpound represented by general formula (1) or (2) is
fromO0.5 to 15 parts by weight per 100 parts by weight of all resins. 16.
The thernpsetting resin conposition as clained in claim1, wherein said
har deni ng accelerator is at |east one conmpound selected fromthe group

consi sting OE#% td@p%— am nes, imdazol e conpounds, phosphorus conpounds,
guaternary a ﬁ?ﬂnﬁs Fts, organonetallic salts, and 8H’érivatives t her eof .

17. The thernpsetting resin conposition as clained in claim116, wherein
sai d hardening accelerator is selected fromthe group consisting of

i m dazol g, corpounds gng organaghigaphorus: conpounds.

14. The thermosetting resin composition as claimed
in claim 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 res;ns.

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 thermosetting resin composition as claimed
in claim 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
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10. The thernosetting resin conposition as clained

pol ymer

pol yi socyanate with a poly ani ne.

as cl ai
represe

wher ei n

adduct

tolyl en
with tr
trimeth
trimeth
conposi
one co
triisoc
dii socy
hexanet
adduct

in claiml, wherein said

having a structural unit 9 February 2006 represented by Yeehsuary 2006
formula (3) is obtained by the addition polynerization reaction of

a

19. The thernosetting resin conposition

med in claiml, wherein said polyner having a structural unit
nted by general formula (3) as obtained by reacting a polyisocyanate
with water. 20. The thernosetting resin conposition as clained in claim18,
sai d polyisocyanate is at |east one conpound selected fromthe
group cE&ePresengesi Pui i gergudht ornula sdd)anasesobtainadsdyartdees, an
of . 2, 4- hexanet hyl ene diisocyanate with Brenzoatechol, an adduct of

@dgiitdeay privackich tHiepareadtdion &f addadyisscvamaties¥dth iasocyanat e
ing&h |.ol propane, an adduct of xylylene diisocyanate with
¥1° ne, an adduct of hexanethyl ene diisocyanate with

yl ol pr opane, d ,jsocyanate prepolyners. 21. The thermsetting resin
Vion as iPai nthe FhOERUPRFEOnE,ABFEhN COTPE I HLTR A% SIA0E4S At | east

of .dii nat e

PRt 7 SReteol sp8e BB v o8, st ROERY v ¢
%%E%s‘@nttﬁg%?“zg%ﬁeezﬁhlo' foﬂmuldfquft i8f &QLX%.%QG ng ir%%%\{:q]%%[
riol,” an adduct ® of tolylene diisocyanate w t rrmet hyl ol pr
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, triisocyanates, tetraisocyanates, an adduct
of 2,4-hexamethylene diisocyanate with Brenzcatechol, an
adduct of tolylene diisocyanate with hexanetriol, an adduct
of tolylene diisocyanéte 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, triisocyanates, 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

- 44 -
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of xylylene diisocyanate with trinethyl ol propane, an adduct of

hexanmet hyl ene diisocyanate with trinmethyl oi propane, and 9 Febr ud& lyel2G@§ 2006
i socyanate prepol yners. 22. The thernosetting resin conposition as clained
in claim18, wherein said polyamne is at |east one conpound selected from
the group consisting of diethylenetriamne, triethylenetetrem ne,

tetraet hyl enepent am ne, 1, 6- hexanet hyl enedi am ne, 1, 8- octanet hyl enedi am ne,
1, 12- dodecanet hyl enedi am ne, 0- phenyl enedi ani ne, m phenyl enedi am ne,

p- phenyl enedi am ne, o-xyl yl enedi am ne, m xylyl enedi awi ne,

p-xylyl adfegvannite, PrﬁéﬁtlHEIﬁéél -am ne, bis(4-am no- 3-net hyl cycl ohexyl ) met hane,
i sophor onedi am ne, 1, 3-di am nocycl ohexane, and spiroacetal - series diam nes.
23. The t her mos@®ti nghe e§1"ﬁr’@6ﬁﬁ§§ﬂ-ﬁgoﬁe§$ncFatﬂﬁééltﬁ-ﬁncIaél elaimgder ei n R
and Ra i.n general fornmula (3) each .is selected froma group consisting of a
hydr ogefPat GAimal kG g‘f’Bﬁ’ﬁ%lﬂavFﬁbdl RROLYERiBYorisit Ffs AfPEsd yIOAG oups. 24.
The therm)settlng r inclaiml, wherein an

esin . c tion as, clained N
anount GPTPREDAY Ejﬁﬁﬁeéﬁp Mar dER® ng EEE‘éPeraFBPsllétf"PHm 0°f to 40
parts b&i@%h%& n%%ria%ggeearts by wei ght of tQF %&gienetetramlne,

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 spirocacetal-
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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