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SEM CONDUCTOR DEVI CE USI NG THE SAME  BACKGROUND OF THE | NVEN @\Jr;—e@ @'Ofl d of
the Invention The present invention relates to a thernosetting r
conposition used for sealing an air gap ffornmed between a printed circuit
board and a sem conductor elenent in a sem conductor device. Further, the
present invention relates to a sem conductor device manufactured by
nounting a senm conductor 10 elenent in a face-down structure on a printed
circuit board using t h#THERMOSEDIING RESIN OOMPOSITIONf ANT®2 Rel ated Art
Wth the recent demand for performance inprovenent in the 15 sem conductor
devi ces, there has beeSEMICOISPYCTOR DREVICE USING I THFaSAMEI conduct or
elenent in a face-down structure to a printed circuit board (flip- chip
met hod, direct chip attachnment nmethod and the like). In the flip-chip
met hod, since a sem conductor elenent and a printed circuit board having a
different coefficient of tBAOEGROUNISIOR THENNVENTIONr are directly 20
el ectrically connected, there arise a problemin the reliability of the
connectjng [Fasldof théInsieationf this problem there has been enpl oyed a
met hod conprising filling a liquid resin material a gap forned between the
sem conduct or el eMygtpresend ifveatipfi réled t6 althetriosbRipteyiniddntpdsitin gsadesi n
material, and curing the liquid resin nmaterial to forma resin cured

product, so thedealing adlaiegd fpmed betviédn Wptifitedrtircuit board and a

semjconductor element in a semiconductor device. Further, the present invention
relates to a semiconductor device manufactured by mounting a semiconductor
10 element in a face-down structure on a printed circuit board using the resin

composition.

Discussion of the Related Art
With the recent demand for performance improvement in the

15 semiconductor devices, there has been proposed a method for mounting a
semiconductor element in a face-down structure to a printed circuit board (flip-
chip method, direct chip attachment method and the like). In the flip-chip
method, since a semiconductor element and a printed circuit board having a
different coefficient of thermal expansion from each other are directly

20 electrically connected, there arise a problem in the reliability of the connecting
parts. In view of this problem, there has been employed a method comprising
filling a liquid resin material a gap formed between the semiconductor element
and the printed circuit board with a liquid resin material, and curing the liquid
resin material to form a resin cured product, so that the stress concentrating in an

25 electrically connected part is also distributed in the above-mentioned resin cured



25 electrically connected part is also distributed in the above-nenti oned
resin cured 2 product, thereby inproving connection reliability. The
conventional nmethod for filling a gap formed between the sem conduct or

el ement and the printed circuit board witth a liquid material in the
flip-chip nethod using a solder bunp conprises firstly nounting the flip
chip to a printed circuit board, formng netal 5 bonding by solder nelting
step, and thereafter injecting the liquid resin material 1in a gap forned
bet ween t he suaileanthecehy ireprening commdctidrerghiabiiited Thie rconvéntivoai theth& fore t he
met hod of filling the gap fornmed between the sem conductor element and the
printed circuillingaagap f%rmdtuﬁewwu\hesdemiuemr lelespuiind ané sheprintedrdiguiti S
carried out by a capillary tube effect of the liquid resin material, the

vi scosity of ti@rd mith & tiqid metsrial inethe flipdchipiatettvel wijgis seldet bumpl ow | evel .
Therefore, the materials are selected froma limted range in order to
have a | ow vicoouisey firstly mivamtingehaififpschipfto aybieed cesgipbent sfaginih@enetal

| ow- stress effects and phenolic resin having high reliability have been

di fficubt undenditgky scidermeitimnsteys, anduhedrefier infectiabakeliquienicsiangdteriagui d
resin material nust be stored at an ultral ow tenperature of 15 about -40C
in order to snakgap foempdtbiebvessihe semycanidutive chmert-andnhé priatd diggithoargsi n
material low, and the liquid resin nmaterial nust be injected with a needle
into a gap f dinexitheeneihed of fdling thecgapefotined ddtveem the semidomdueioe mbntiergnd
board, so that there arise sone problens such that an injection positioning
or control iandithe pentadntiraiit borré stifhothe iabode-biéntiohed 1i30id resaddaterahis si nce
t he net hod for manufacturing the above-nentioned sem conductor device
conprises a lcarnal outriijea capillatyeqmbe effieer of theilkesd resir mbiesil, thbaiscoby of
productivity is low. Further, in order to inprove productivity as conpared
to thallof t ke HjoMeresimnnateniebmust boadjustaé te ahow 1bestn Themfose theamaterials

are selected from a limited range in order to have a low viscosity, so that the uses
of rubber components giving low-stress effects and phenolic resin having high
reliability have been difficult under these circumstances. Further, the above-
mentioned liquid resin material must be stored at an ultralow temperature of

15 about -40°C in order to stably keep the viscosity of the above-mentioned liquid
resin material low, and the liquid resin material must be injected with a needle
into a gap formed between the above-mentioned semiconductor element and
board, so that there arise some problems such that an injection positioning or
control in the amount of injection is difficult.

20 In addition, since the method for manufacturing the above-mentioned
semiconductor device comprises a large number of steps, there arises a problem
that its productivity is low. Further, in order to improve productivity as
compared to that of the above-mentioned method, there has been proposed a

‘pressing method comprising mounting a flip chip on a printed circuit board

25 previously coated with a liquid material with applications of appropriate



pressi ng nethod conprising nounting a flip chip on a printed circuit. board
25 previously coated with a liquid material with applications of
appropriate 3 tenperature and pressure. However, in the pressing mnethod,
an oxide layer nust be renoved during bupmp bonding in netal el ectrodes
such as sol der bunps requiring the formation of netal bond. Therefore,
this nethod can only be applied to a process for manufacturing a

sem conductor device which is 5 subjected to electric connection by netal
contact usi ntgmparvatureshdpressura. hdwewvetryitt the prassingnoethod fasotide taydi fofist ul t
to be applied to nounting of a sem conductor device having netal

el ectrodes rbeguwmovgl tinéng bumsthonding innmetal tlectrbdosdsuck as boldsr bsmpder bunps.
Further, in the recent year, I1n the process for nmanufacturing a 10

sem conduct oreqiénng theuformgtian bheretaidendl Mhersfere) thintethed chmynlydbea 1 ux
activity in an attenpt for a nore sinplified process than the method of
injecting a hpplisdito arﬁztoeessaﬂor wianufastndng@a sanidondugtopeviograthdch isconpri si ng
previ ously appl ying t thernosetting resin material to a sem conductor

el ement5 or asybjecteédo electrio ¢onnkoowby eratilydongod usingefor instede, agold stude
I nterface together with chip nounting, 15 and form ng netal bondi ng by

sol der ref| obumphend{tdras betihdifficall e be appiéEpsmonming 654 semizppliciat i on of
flux and cleaning, and injection of a liquid resin and the |like can be

reduced, as devipahevinganttabelecmydostregmiaingnhe tesmtivarof metalifcdwindsisagh as
sem conductor device using a liquid resin material, so that the
producti vi t ysgltlef lnempsem conduct or device can be inproved. Since the nethod
of 20 filling the gap forned between the sem conductor el enent and the
printed circuit Borghek,m tie ebentalan éa tenpriooessdot imunuthctiiga material is
carried out by a capillary tube effect of the liquid resin material, the
vi scosit y of sarhieohduoetoddewise nsingtaghemhosetting resin material having a flux activity
in an attempt for a more simplified process than the method of injecting a liquid
material utilizing a capillary phenomenon, comprising previously applying the
thermosetting resin material to a semiconductor element or a printed circuit
board, carrying out resin sealing at the interface together with chip mounting,
15 and forming metal bonding by solder reflow. Therefore, the production steps
comprising application of flux and cleaning, and injection of a liquid resin and
the like can be reduced, as compared to the conventional process for
manufacturing a semiconductor device using a liquid resin material, so that the
productivity of the semiconductor device can be improved. Since the method of
20 filling the gap formed between the semiconductor element and the printed circuit
board with the above-mentioned liquid resin material is carried out by a capillary
tube effect of the liquid resin material, the viscosity of the liquid resin material
must be adjusted to a low level. Therefore, since an acid anhydride-based curing

agent is used for obtaining a low viscosity, the materials are selected from a

25 limited range, so that it has been difficult to use a phenolic resin having high



must be adjusted to a low level. Therefore, since an acid anhydri de-based
curing agent is used for obtaining a |ow viscosity, the materials are
selected froma 25 limted range, so that it has been difficult to use a
phenolic resin having high 4 noisture toferance reliability under there
ci rcunst ances. An object of the present invention is to provide a
thernosetting resin conposition having a flux activity, which has
excellent relaxation effect of a stress caused between a sem conduct or

el ement or ampistifeadlezanceueliabitiey dndordhére choaeiantgs. el ectrodes, is capabl e
of easily formng a sealing resin layer in an air gap fornmed between the

sem conduct or el eABbjeN&f thepRidmtigrertionds td pRaddh theandsalngg réxih need a
cl eaning step for the flux; and a sem conductor device nanufactured by

using the thesmpasitibh havings fut aethas), Whith hd eecllenathentiobefett ofaf the
present invention is to provide a thernosetting resin conposition having 10

excel | ent prgedssicadsddbetwbee h senfidngsctoPelRiiang ofh phintdd ciRjuPShda@d whlich a
t hernosetting composition having a function of renoving a netal oxide |ayer

or oxisdat i omﬁfeeuﬁgadwofreé,@ﬁb@iabi&@ﬁ@isnﬁff@@ﬁin%%f&éﬁ@rdsm ePirart hifx)
existing on the surface of the electrodes on the sem conductor el enent or

the printed gig fothded Hepresh the schfcdiduess eldmént BRb Yheplintet RircaitRArgOoNduct or
device requiring the 15 formation of nmetal bondi ng such as sol der bunps is

previously agpl 8665 nd nes€ &ictaunehcitop folatt CRixBndih 36thidoadubrer dsviee t he
thernosetting resin conposition; and a process for manufacturing the

sen conduct omageficaged Bhesmgahe tairfketbie63ia cofpobiionr eSesakotvanitien Wil |
be apparent fromthe follow ng description. 20 SUMVARY OF THE | NVENTI ON
of the present invention is to provide a thermosetting resin composition having
10 excellent productivity, which enables mounting of flip chips to which a
thermosetting composition having a function of removing a metal oxide layer or
oxidation-preventing material (hereinafter referred to as pre-flux) existing on the
surface of the electrodes on the semiconductor element or the printed circuit
board in the process for manufacturing a semiconductor device requiring the
15 formation of metal bonding such as solder bumps is previously applied; a
semiconductor device manufactured by using the thermosetting resin
composition; and a process for manufacturing the semiconductor device.
These and other objects of the present invention will be apparent from the
following description.
20
SUMMARY OF THE INVENTION
According to the present invention, there are provided:
[1]  asheet-like thermosetting resin composition usable for sealing a gap

formed between a printed circuit board and a semiconductor element in a

25 semiconductor package having a face-down structure,



According to the present invention, there are provided: [1] a sheet-like
thernosetting resin conposition usable for sealing a gap forned between a
printed circuit board and a sem conductor elenent in a 25 sem conductor
package having a face-down structure, 5 @onprising a conpound having the
general formula (1): R1I-(COOCH(CH3)-O-Rn (1) 5 wherein nis a positive
integer; Rl is a nonoval ent or higher polyvalent organic group; and R2 is
a nonoval ent organi c group, wherein RL and R2 may be identical or

di fferent, orcompmisimpardnipaunddaving thegenabl forrmld (1) 2) : 10

CH2=CH- 0- R4- 0- CH(CH3) - [ OCO- R3- COQ CH(CH3) - - O- R4-0- CH(CH3) ] n
OCO-R3_COOCHCH3)-OR4A-O CH=CH2 (2) wherein nis a positive integer; each
of R3 and R4 is a divalent organic group, wherein R3 and R4 may be
identical or di ffétle@O(}SZH@H@—W);Dsetti ng resin conpositig@) usable for
sealing a gap fornmed between a printed circuit board and a sem conduct or
el ement in a sem conductor package having a face-down structure,
conprising: an epoxy resin, a phenolic resin-based curing agent and 20 a

conpoundl haviwhgreinen ipempositivé omegdraR Is)a m@évél@ﬁ%ﬂi@&@d?ﬂ@ﬂﬂbx@%ic
wherein n is a positive integer; Rl is a nonoval ent or higher polyval ent
organi ¢ 25 greveyp; aadRRR d moaovaiasvagetit 200 @R Wiereit RitandRErRyHeRl and R2
may be 6

identical or different, or

a compound having the general formula (2):

10 CH,=CH-0-R*~0-CH(CH;)-[OCO-R’~COO-CH(CH;)-0-R*-0-
CH(CH;)]s-OCO-R*~COO-CH(CH;)~-O-R*-0-CH=CH, )

wherein n is a positive integer; each of R® and R* is a divalent organic group,
wherein R® and R* may be identical or different;

15 [2]  athermosetting resin composition usable for sealing a gap formed
between a printed circuit board and a semiconductor element in a semiconductor
package having a face-down structure, comprising:
an epoxy resin,

a phenolic resin-based curing agent and

20 a compound having the general formula (1):
R'~(COO-CH(CH:)-0-R?), (1)

wherein n is a positive integer; R is a monovalent or higher polyvalent organic

25 group; and R is a monovalent organic group, wherein R and R? may be



identical or different, or a conmpound having the general fornula (2):
mMHomommm[mMBmMHmnOMOSOﬂMHn
OCO- R3- COO- CH( CH3) - O- R4- O- CH=CH2 (2) whereiin n is a positive integer; each
of R3 and R4 is a divalent organic group, g wherein R3 and R4 may be
identical or different; [3] a process for manufacturing a sem conduct or
devi ce conprising the steps 10 of: applying the thernosetting resin
conposition of item[2] above to a wafer, dicing the coated wafer into
i ndi vi dual chdgstjcahoddiffereyts, pg out chi p-nounting; [4] a thernosetting resin
conposition conprising: 15 an epoxy resin, an acid anhydride-based curing
agent and a @mmmpmmlaavin@thd”@r@m%ﬂhulﬁ%ﬁ)m a (1): R-(COOCHCH3)-OR2)n
(1) 20 wherein nis a positive integer; is a nonoval ent or higher
pol yval ent organic group; and R2 is a nonoval ent organic group, wherein Rl
and R2 may be identical or different, or a conpound having the general
formula (2): 25 CHECHCE-RRI-CH(CH, ICO-QEMRIOCOPH OB ROE4E- O
CH(CH3)]"- OCO R3- CII}C}KC}B -O R4- 2 (2)

5 CH(CH;)],~-OCO-R —COO—~CH(CH3)~O—R4—-O—CH CH, (2)

wherein n is a positive integer; each of R> and R* is a divalent organic group,
wherein R® and R* may be identical or different;
[3]  aprocess for manufacturing a semiconductor device comprising the steps
10 of:
applying the thermosetting resin composition of item [2] above to a wafer,
dicing the coated wafer into individual chips, and
carrying out chip-mounting;
f4]  athermosetting resin composition comprising:
15 an epoxy resin,
an acid anhydride-based curing agent and

a compound having the general formula (1):

R'<(COO-CH(CH;)-0-R%), (1)
20
wherein n is a positive integer; R' is a monovalent or higher polyvalent organic
group; and R is 2 monovalent organic group, wherein R' and R? may be
identical or different, or

a compound having the general formula (2):

25



wherein n is a positive integer; each of R3 and R4 is a divalent organic
group, 5 wherein R3 and R4 may be identical or different, and wherein the
thernosetting resin conposition is liquid at 25C, [5] a thernpsetting
resin conposition conprising: (A) an epoxy resin having at |east two epoxy
groups inits nolecule, (B) a curing agent, 10 (C) a conpound having the
general fornmula (1) : R -(COOCH(CH3)--OR2)n (1) wherein nis a positive
integer; R is a nonoval ent or higher polyval ent 15 organic group; and R2

i s a nmonoval ent oXRRICHGDORP-OMIE(EHE)-FOCRR’REOG=CHIEHE MR ‘ca- or

different, or a conpound having the general formula (2):

CH2=CH- O R4- CHI@H mw—mm%a&m;m@mﬂgcm )

O CHCH3)], - OCO R3- CH(CH3) -OR4A-OCH=CH2 (2) wherein nis a positive
integer; each of R3 and R4 is a divalent organic group, wherein R3 and R4
may be identical or different; and (D) a mcrocapsul ated curing accel erator

conpri sing avarRrénRoist M3iRkE BEHRE; Rchof R eudiRfds a@@ﬁl&it&ir?énicgﬂ&gﬂ shel |
portion formed so as to cover 8 the core portion, the shell portion

conpri s ng avaRkiARC VR hehag besHéntiab bpdliffenédt, sRPr esent ed by a general
formula (3): --N(R5)--CONRB)- (3) 5 wherein each of R5 and R6 is

hydrogen at ofgHetein tH®fHRYALSEing T&AR c6mpBSiALRA is WGsidai 25RS; and R6 may be
identical or different, wherein the thernosetting resin conposition has a
reaction exof{fier Magh@@seBing resin composition comprising:

{A) anepoxy resin having at least two epoxy groups in its molecule,

(B) acuring agent,

10 (C) acompound having the general formula (1) :
R'-(COO-CH(CH)-0-R?), )

wherein n is a positive integer; R' is 2 monovalent or higher polyvalent
15 organic group; and R? is a monovalent organic group, wherein R} and R?
may be identical or different, or

a compound having the general formula (2):

CH,=CH~0-R*~O~-CH(CH;)-|OCO-R*~COO-CH(CH;)~O-R*~
20 O-CH(CH,)]~O0CO-R*~COO-CH(CH;)-O-R*~0~-CH=CH, (2)

wherein n is a positive integer; each of R® and R*is a divalent organic
group, wherein R® and R* may be identical or different; and
(D) a microcapsulated curing accelerator comprising a core portion

25 comprising a curing accelerator, and a shell portion formed so as to cover



180 to 250C with a programmng rate of 10C/ mn in the differential scanning
calorinetric determnation; and 10 [6] a sem conductor device conprising:

a printed circuit board, a sem conductor elenent, and the thernosetting
resin conposition of any one of itenms [1],8[2], [4] and [5] above, wherein
a gap formed between the printed circuit board and the 15 sem conduct or

el enment is sealed by the thernosetting resin conposition. BRIEF

DESCRI PTI ON OF THE DRAWNGS Figure 1 is a schematic cross-sectional view
showi ng one exanplthe obreaportien] shestelt portichesdraprisiag afpodyner Ravisga schematic
cross-sectional view show ng a process for manufacturing a sem conductor
device; Figure 3 issuatimaheniatdpresehizdbysegénaakbformub(3yhowi ng a process for
manuf acturi ng a sem conduct or device; Figure 4 is a schematic
cross-sectional view shaWRiy-@GOpN¢RBss for 25 manufacturing a(3)

sem conductor device; 9 Figure 5is a schematic cross-sectional view

showi ng a process for nmanufacturing a sem conductor device; Figure 6 is a
schemati c cross-sectional view showing a process for wettability test of
sol der; 55 Figure Wvhetein cachefi’i andRois rydasicnanat ofi oot mitraalicocess

for wettability test of solder; and Figure 8 is a schematic

cross-sectional  vigevusholérem R’ pidRE smyftwr identical or different,
wherein the thermosetting resin composition has a reaction exothermic peak of
18G° to 250°C with a programming rate of 10°C/min in the differential scanning
calorimetric determination; and

10 [6] asemiconductor device comprising:

a printed circuit board,
a semiconductor element, and
the thermosetting resin composition of any one of items [1}, [2], [4] and [5]

above, wherein a gap formed between the printed circuit board and the

15 semiconductor element is sealed by the thermosetting resin composition.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic cross-sectional view showing one example of a

semiconductor device;
20 Figure 2 is a schematic cross-sectional view showing a process for

manufacturing a semiconductor device;

Figure 3 is a schematic cross-sectional view showing a process for
manufacturing a semiconductor device;

Figure 4 is a schematic cross-sectional view showing a process for

25 manufacturing a semiconductor device;



wettability test of solder. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
thernosetting resin conposition of the present invention is suitably used
for sealing a sem conductor el enment having a face-down structure.
Specifically, in a sem conductor device conprising a printed circuit board,
plural connecting el ectrodes and a sem conductor el enent having a
face-down structure 15 nounted on the printed circuit board via the plural
connecting el ectrodes, the thernosetting resin conposition is used for
seal i ng an air gapiguweded alschewmetic crdse-sgotionabdiewi showing beaocksafior t he
sem conductor elenent. The air gap fornmed between the sem conductor
el enent and wniemufadtntieg acemeetndubibaddvics; seal ed and netal bonding is
formed by inserting the thernosetting resin conposition 20 between the
printed circuit b&Figute#nd atschemetit crussisedtionabliewesitowingplprocegs ffeat  and
pressure, thereby tentatively fixing the sem conductor elenent on the
printed cireusttablittarekt cfisoldeher eafter soldering and nmelting the
thernosetting resin conposition. By the sealing of the air gap forned
bet weers t he seni c®iglire 7ds askhematic ciSs-aextidnhbvigwi sttosdng arprocdss homr d and t he
formati on of netal bonding by using the 10 resin conposition of the
present i nvemtatiability tgpt of esidef;@ndr esin sealing of the printed circuit
board with the sem conductor el enent and nmetal connection can be
sinplified, as coifjgured it @ sshematieofososedtionahpikircsiiondng agresss dbr net al
connection of the sem conductor bunp with electrodes on a printed circuit
board 5 usi ngettabidlity denf of beldenft er flowing of a sealing resin into the air
gap, whereby renarkabl e shortening of the manufacturing process tine can
be achieved. Further, an electric connection of the sem conductor el enent
with the printed

10 DETAILED DESCRIPTION OF THE INVENTION

The thermosetting resin composition of the present invention is suitably
used for sealing a semiconductor element having a face-down structure.
Specifically, in a semiconductor device comprising a printed circuit board, plural
connecting electrodes and a semiconductor element having a face-down structure

15 mounted on the printed circuit board via the plural connecting electrodes, the
thermosetting resin composition is used for sealing an air gap formed between
the printed circuit board and the semiconductor element. The air gap formed
between the semiconductor element and the printed circuit board is sealed and
metal bonding is formed by inserting the thermosetting resin composition

20 between the printed circuit board and the semiconductor element, applying heat
and pressure, thereby tentatively fixing the semiconductor element on the printed
circuit board, and thereafter soldering and melting the thermosetting resin
composition. |

By the sealing of the air gap formed between the semiconductor element

25 and the printed circuit board and the formation of metal bonding by using the



circuit board has excellent stability, so that an excellent sealing
reliability is exhibited in various reliability tests such as those
reliability tests under cooling- 10 heating cycle. One of the great
features of the thernosetting resin conpggition of the present invention
resides in that the thernosetting resin conposition conprises as a flux
active agent any one of the follow ng conpound having the general formula
(1): 15 R1I-(COO-CH(CH3)-OR ), (1) wherein nis a positive integer; Rl is
a nonoval ent resin bogpesitipalof vied prisemrigesition, gipooaess &dekin seslimg obtirval ent
organi c group, wherein R and R2 may be 20 identical or different; or the
conmpound havipgigtsdeirqérissaad with thelsenfiédnductor element and metal connection can
CH2=CH O- R4-- O CH(CH3) - [ OCO- R3- COO- CH(CH3) - O-R4- O CH(CH3)],

OCO- R3- COO- Ch ehigphi fedhs Gofifate®to £toniidnalWoaipgticated processpishdtal e

i nt eger; each of and R4 is a divalent organic group, wherein R3 and R4
nmay be i dent cemhectiondifithesanicontietier biRg Witk Bleclrbdes @ch pyihted cifefitticard o an
ability of renoving an oxide |ayer, an organic substance or the |ike on
the netal suukiagdid:g abé thaosfest pothg I asehieg rddn tmo phexiephpprbekbgs of

oxi dation during heating, thereby |owering surface tension of the dissolved
sol der. The tenmkablehosehingeofatie ManufRitefisy pRcass WReRaNbE achievedposi tion
whi ch gives a conposition for sealing a

Further, an electric connection of the semiconductor element with the printed
circuit board has excellent stability, so that an excellent sealing reliability is
exhibited in various reliability tests such as those reliability tests under cooling-
10 heating cycle.
One of the great features of the thermosetting resin composition of the
present invention resides in that the thermosetting resin composition comprises

as a flux active agent any one of the following compound having the general

formula (1):
15
R'-(COO-CH(CH;)}-O-R%), (1)
wherein n is a positive integer; R! is a monovalent or higher polyvalent organic
group; and R? is a monovalent organic group, wherein R' and R? may be
20 identical or different; or

the compound having the general formula (2):

CH,=CH-0-R*-0~CH(CH,)}-{0CO-R’~COO-CH(CH;)-O-R*-0O~
CH(CH;)]i-0CO-R’~COO~CH(CH;)-0-R*-0-CH=CH, )
25



sem conductor device a flux activity. The flux active agent contained in
the thernosetting resin conposition 10 can be obtained by a reaction of a
carboxylic acid and a vinyl ether conpound. The carboxylic acid includes,
for instance, acetic acid, adipic acid, npgleic acid, fumaric acid,
itaconic acid, phthalic acid, trinellitic acid, pyronellitic acid, acrylic
acid, isocyanuric acid, carboxyl group-containing pol ybutadi ene, and the

| i ke. The above-nentioned vinyl ether conpound includes, for instance, a

vinyl 15 et havhgreiimis pesitivé itegirpeuth GFRYdndoR bign, dipmnvbrfgnwnu%,sopr opy!
group, cyclohexyl group, or the Ii1ke. Concrete exanples of R 1n the

above- ment i orgliereRrRet ahd ROkmay Be {dbhticdl e ldifi@ean al kyl group or al kyl ene
group having 1 to 6 carbon atons, vinyl group, allyl group, phenyl group,

phenyl ene group, gdrej thelterh “fuxhcaviey” mmv@b@abilﬂﬁoarmiggaqrm and a
group represented by C3N3(OCOC2H4) 3. Concrete exanpl es of of the

above- ment i onggergh 6fginid QUbSiinke bf thd Nigd sl eherfeRdl KirfacedtoMerbdaed ﬁhggﬂ; to 10

carbon atons and a cycl oal kyl group having 3 to 6 carbon atons. ncrete

Fiorr 3, Pbngle ot progtsoRskisste alfgneng, Ocovtshyc o7
(7): GHz (4) subfat®lensih of the dissblved)solder. The term “flux active agent” refers to a
compound or composition which gives a composition for sealing a
semiconductor device a flux activity.
The flux active agent contained in the thermosetting resin composition
10 can be obtained by a reaction of a carboxylic acid and a vinyl ether compound.
The carboxylic acid includes, for instance, acetic acid, adipic acid, maleic acid,
fumaric acid, itaconic acid', phthalic acid, trimellitic acid, pyromellitic acid,
acrylic acid, isocyanuric acid, carboxyl group-containing polybutadiene, and the
like. The above-mentioned vinyl ether compound includes, for instance, a vinyl
15 ether containing butyl group, ethyl group, propyl group, isopropyl group,
cyclohexyl group, or the like.
Concrete examples of R' in the above-mentioned general formula (1)
_inciude an alkyl group or alkylene group having 1 to 6 carbon atoms, viny! group,
allyl group, phenyl group, phenylene group, a trivalent or higher polyvalent
20 aromatic group, and a group represented by C3N3(OCOC,H,)s. Concrete
examples of R? of the above-mentioned general formula (1) include an alky!
group having 1 to 10 carbon atoms and a cycloalky!l group having 3 to 6 carbon
atoms.
Concrete examples of R® in the above-mentioned general formula (2)

25 include those functional groups having structures represented by the formulas (4)



H3C ~ CH3 15 wherein n is a positive integer and X is a divalent organic
group. Concrete exanples of R4 in the above-nentioned general formula (2)
i ncl ude those functional groups having structures represented by the
formulas (8) 20 to (10): 13 (8) 5 CH2 rf"~--- CH2----- CH2 "' (9
10 C 12CH20 (10) wherein n is a positive integer. 15 The conpound

descri bed above can react with an epoxy resin after exhibiting its flux
activity in the process for nmounting sem conductor device, so that the
conpound caqpagysuitably used as a material having both the functions of
the flux act ‘agent and the curing agent. In addition, these conpounds
can be wused alone or in adm xture of two or nore kinds. 20 The

t hernosetting resin conposition of the present invention can be roughly
classified into four enbodi;nents.\In all of the enbodi nments, th
formul ati on proportion OL‘ﬁ?@%EP -mentioned flux active agent‘%%
preferably wthin the range hto 20 parts by weight, nore preferably
within the range of 0.5 to 15 parts by weight, especially preferably
within_the range of 1 to 10 parts 25 by wei ght, based on 100 parts by

meightsof the total resin a?ﬂyu*\fron1the
(5)

%

10

15

wherein n is a positive integer and X is a divalent organic group.
Concrete examples of R* in the above-mentioned general formula (2)

include those functional groups having structures represented by the formulas (8)

20 to (10):



14 viewpoints of the solder connectivity, the heat resistance and the

noi sture tolerance reliability. [First Enbodinment] 5 A first enbodi nent of
the present invention relates to a sheet-like thernosetting resin
conposition conprising a conpound havi ng %he general formula (1) or (2)
menti oned above. The resins constituting™the main materials for the
above-nenti oned sheet- |ike thernosetting resin conposition include, for

i nstance, epoxy resins, silicone 10 resins, urethane resins, phenoxy
resins, and the |like. Anmong them the epoxy resins are preferable, fromthe
vi ewpoi nts of the heat resistance, the workability and the adhesiveness.
As the epoxy resin, any of those conpounds having two or nore epoxy groups
inits nolecule can be used without particularly limtation. Exanples 15

t hereof include, for instance, bisphenol A epoxy resins, bisphenol F epoxy
resins, biphenyl epoxy resins, o-cresol novol ak epoxy resins,

tri phenol net hane epoxy resins, dicyclopentadi ene epoxy resins, and terpene
epoxy resins. Anmong tEen] tfose epoxy resins having a nelt(g)scosity of
0.5 Pags or |ess at e nore preferably used, fromthe vi ewpoints
of the”i nprovenent in\the ftUx 20 activity, the adhesiveness, and the
reduction in voids. In addition, those epoxy resins having excellent
wettability during dissolutiqn and a | ow viscosity can be preferably used.
The epoxy resins having tﬁgkg?quctures represented by the fornmulas (11) to
(13) are especiall y—g}%e&abl e, --—f(rjpm+hese Vi ewpoi nt s. Thqsﬁ epoxy resins
can be used alone or in adhlfiyﬂe of © 25 two or nore kinds.

o ~{-CH,CH,07- (2 0)

wherein n is a positive integer.

15 The compound described above can react with an epoxy resin after
exhibiting its flux activity in the process for mounting semiconductor device, so
that the compound can be suitably used as a material having both the functions of
the flux active agent and the curing agent. In addition, these compounds can be
used alone or in admixture of two or more kinds.

20 The thermosetting resin composition of the present invention can be
roughly classified into four embodiments. In all of the embodiments, the
formulation proportion of the above-mentioned flux active agent is preferably
within the range of 0.1 to 20 parts by weight, more preferably within the range of
0.5 to 15 parts by weight, especially preferably within the range of 1 to 10 parts

25 by weight, based on 100 parts by weight of the total resin amount, from the



15 H3C CH3 Alo,' H2G-CH-CH2-0 O--CH2-CHCH2 1-13C CH3

(11) C(CH3)3 A

fo. H2G-CH CH2-O0 -CH2--CH-CH2 (H3C}3C (12) H3C CH3 110" O
H2C-CH -CH2 OCHz 0 0-CH2-CH -C1-12 H3C CH3 (13) 16 |In addition, in the

above-nenti oned sheet-like thernosetting y4esi n conposition,
for the epoxy resin can be fornul ated as occasi on demands.
agent as descri bed above includes, for instance, phenolic

a curing agent
The curing
resins, acid

anhydri des, am ne conmpounds, and the like. The phenolic resinis 5

especi al | y prédwpeintsof the soldeheomeetipityths hedt ehistanet aabilid mpistme t he | ke,
anong which those phenolic resins having a nelt viscosity of 0.5 Pas or

| ess at 150Ctokeranceuekabdlipf.erably used. In addition, those curing agents
havi ng a hydroxyl equivalence of from60 to 200 are preferable, and nore

preferably from80 to

[First Embodiment]

5 A first embodiment of the present invention relates to a sheet-like

thermosetting resin composition comprising a compound having the general

formula (1) or (2) mentioned above.

The resins constituting the main materials for the above-mentioned sheet-

like thermosetting resin composition include, for instance, epoxy resins, silicone

10 resins, urethane resins, phenoxy resins, and the like. Among them, the epoxy

resins are preferable, from the viewpoints of the heat resistance, the workability

and the adhesiveness.

As the epoxy resin, any of those compounds having two or more epoxy

groups in its molecule can be used without particularly limitation. Examples

15 thereof include, for instance, bisphenol A epoxy resins, bisphenol F epoxy resins,

biphenyl epoxy resins, o-cresol novolak epoxy resins, triphenolmethane epoxy

resins, dicyclopentadiene epoxy resins, and terpene epoxy resins.

Among them,

those epoxy resins having a melt viscosity of 0.5 Paes or less at 150°C can be

more preferably used, from the viewpoints of the improvement in the flux

20 activity, the adhesiveness, and the reduction in voids.

In addition, those epoxy resins having excellent wettability during

dissolution and a low viscosity can be preferably used. The epoxy resins having
the structures represented by the formulas (11) to (13) are especially preferable,
from these viewpoints. These epoxy resins can be used alone or in admixture of

two or more kinds.



180. 10 When the phenolic resin is used as the curing agent, the content of
the phenolic resinis preferably fromO0.6 to 1.4 equival ence, especially
preferably fromO.7 to 1.1 equival ence, per one equival ence of the epoxy
resin in the sheet-like thernosetting regin conposition, fromthe

vi ewpoi nts of the thernosetting property, the heat resistance and the
noi sture tolerance reliability. 15 The content of the total resin in the
above-nentioned sheet-like thernosetting resin conposition is preferably
40% by weight or nore, nore preferably 60% by wei ght or nore, especially
preferably 80% by weight or nore, of the sheet-like thernosetting resin
conposition, fromthe viewoints of the solderability, the fluidity, and
t he adhesi veness. 20 The above-nentioned sheet-like thernosetting resin
conposition may contain acrylonitrile-butadi ene copolynmers (NBR) as a
rubber conponent, and ot her cgg Iynerizabletﬁégponents can be contai ned
together with NBR. The ot her @ - nponent i ncl udes, for

i nst ance, hydrogenatéQ acryl oni trpiesbut ad e rubbersuﬁligylic aci d,
acrylic ester, sty @%EEEfEé irkevy AmOng t hem
acrylic acid and Ir’?trﬁ’ft acryl |1t§?;@i @ bl e, C?L@%dgﬂr{om he vi ewpoi nts
of havi ng excel |l ent adhesi veness M or plastic. In addition, the
content of acrylonitrile in thEz@bove-nenti oféH3NBR is preferably from 10
to 50% by weight, nore preferably from15 to 40% by weight, fromthe

vi ewpoi nts of giving excellent conpatibility with the epoxy resin and
flexibility. 5 The formulation ratio of the above-nent( bried

acrylonitril e-butadi ene copolynmer in the entire organic conponents in the
sheet-1ike thernosetting resin conposition of the present invention is not
particularly limted as |Iong as the .

C(CHz)s3
/o\ . fO\
HyC—CH—-CHy;~O O—CH,—CH-CH;
(HsCysC
(12)
| H;C CHj
;{ '.AD\ .
HoC—CH~CH,-O ~CHjy O—CH,;~CH—CH;
HsC CH;

(13)



t hernosetting resin conposition can be fornmed into a sheet. In the
above-nenti oned sheet-like thernosetting resin conposition, 10 besides the
curing agent for the epoxy resin nmentioned above, a curing accelerator for
t he epoxy resin can also be fornul ated. Agthe curing accel erator

menti oned above, various curing accel erators which have been conventionally
known as curing accelerators for epoxy resins can be used. The curing

accel erator includes, for instance, am ne-based curing accelerators,
phosphorus 15 contlaiadditipng it ilegbaeeehartiRined shedidikenthe@idsaitiigh@sizur i ng

accel erators, phosphorus-boron-containing curing accelerators such as

tri phenyl phospimpusition aroatinglageh e thesp esin can be formulated as occasion

(1, 8-di azabi cycl o[ 5. 4. 0] undecene-7), and N _

(1, 5-di azabi ceolanjdd. Thelcucingngent)as deBdiibdd fHoveRhsindes) fasibiantd! Phenolic
tetraphenyl borate). In addition, a latent curing catalyst, which conprises
a 20 curing aesie$,aickd athrkiles,hmine 2oMpouadapsd!tes [iké ThE shedsticereahl i¥ used,
fromthe viewpoints of the storage ability and the |owering of nelt
viscosify. Thepecialtyipiefigrables &logt tHeariswpsintde! #e Qél_ia%'il‘i’t?%n@rthb !{‘iké,dﬁhéﬁ%r e of
two or nore kinds. To the above-nentioned sheet-like fhernosetting resin

conposi ti on, witibkethoseghensidd feshistavag @fr%ﬁi@cd%%%f 08 Bansd IEMtQ%pr

material s can be added as 25 occasi on denands. e organic materia

i ncl udes si | anemooeptdfe@bhgeseds In kddition ﬁi@sé&hﬁﬂ%ﬁﬁémgh@ﬂﬁghﬁ;y&& Jace
nodi fyi ng agents, antioxidants, tackifying agents, and thé like. The

i nor gani ¢ maequivalenice of fibes 60 a0 200 ard plefanbles uthmase prRifarabRarosi 40 g2 and
silicon nitride, nmetallic particles nade of copper, silver, alum num

ni ckel and sdBOer; other pigments and dyes; and the like. The nixing 5
ratio of the inorganic material is not particularly limted. It is
preferHbl e that tMéhemiheiphgnohit resiofs usbé ak fer @atigcagent, ehd sbnteat Gr@ber abl y

85% by wei ght or nore, nore
phenolic resin is preferably from 0.6 to 1.4 equivalence, especially preferably
from 0.7 to 1.1 equivalence, per one equivalence of the epoxy resin in the
sheet-like thermosetting resin composition, from the viewpoints of the
thermosetting property, the heat resistance and the moisture tolerance reliability.
15 The content of the total resin in the above-mentioned sheet-like

thermosetting resin composition is preferably 40% by weight or more, more
preferably 60% by weight or more, especially preferably 80% by weight or more,

of the sheet-like thermosetting resin composition, from the viewpoints of the

solderability, the ﬂuidity,_and the adhesiveness.

20 The above-mentioned sheet-like thermosetting resin composition may
contain acrylonitrile-butadiene copolymers (NBR) as a rubber component, and
other copolymerizable components can be contained together with NBR. The
other copolymerizable component includes, for instance, hydrogenated

acrylonitrile-butadiene rubbers, acrylic acid, acrylic ester, styrene, methacrylic

25 acid, and the like. Among them, acrylic acid and methacrylic acid are preferable,



preferably 80% by weight or nore, of the conposition, fromthe viewpoint of
the electric bonding between the el ectrodes of the sem conductor el enent
and the electrodes of the printed circuit board. 10 The size (area) of the
above-mentioned sheet-|ike thernosetting yesin conposition is
appropriately set depending upon the size of the sem conductor elements to
be nounted, and it is preferable that the sheet-like thernbsetting resin
conposition has a size which is substantially the sane as the size of the

sem conduct offrazh ¢ireviiewpSints bAhhying eheclidht ahR@sveneiPwithe ¥eiay Bt plistitNen
sheet-like 15 thernosetting resin conposition are appropri atelg set in

accor dance watlitiongtisd eomteralof tabeyloitrilean @Mi%ve%&%ﬁedtNBReis??b'ﬁ§ﬁﬁy and
the size of the spherical connecting el ectrodes provided on the

sem conduct ofrozh €086 S0% ByRleighthBory prefERbRCEER B oM0% bpex%iigﬁa_ﬁ&ﬁgﬂe' ayer
formed by filling and sealing an air gap fornmed between the Sem conduct or

el enent and t/mv;mihﬁtfﬁ(gicihgfdxbéﬂm%b%}paﬁgﬂiwWi%&?g???&és%ﬁﬂd %ta:g%ip{ | ke

t hernosetting resin conposition can be prepared, nst ance, as | ows.

Each of5 t he ThefonentasionfratdnoLNRabokeshéhtichRd a@@qaﬁi&ﬂwﬂz&cﬁea&%@g&gﬁﬁ(
copol ynmer, and a conpound represented by the general fornula (1 r(2)

nentioned abaythe entirebigindd €snpEnehtOinveR sREB U théﬁﬂ@é@t’iﬁ@t&%in conponent s
such as a curing agent, a curing accelerator and various Tillers are 25

formul at ed asomposisionrofdesTpredentigvatiticn @ r@@pmkhtakizgimﬁé&aé g 4d fhg 19

conposition is mxed and nelted in a solvent such t ol uene, et hyl et hyl

ketone or et thdrmesettingeesiardmipdeitivncad bedbihib®tb 2 sBBg i ed to a substrate
filmsuch as a polyester filmwhich is subjected to nold rel easing

treatment. Next, lithe asboatafermitietichea-litd Mehosditimeredin &nposih6AC, and a
sol vent such as toluene was 5 renpved, thereby giving a desired sheet-Iike
t her moklet t i nbesiées the waripgsigtafor @i epoxy resin mentioned above, a curing

accelerator for the epoxy resin can also be formulated. As the curing accelerator

mentioned above, various curing accelerators which have been conventionally

known as curing accelerators for epoxy resins can be used. The curing

accelerator includes, for instance, amine-based curing accelerators, phosphorus-

15 containing curing accelerators, boron-containing curing accelerators,
phosphorus-boron-containing curing accelerators such as triphenylphosphine,
2-methylimidazole, DBU (1,8-diazabicyclo[5.4.0Jundecene-7), and DBN
(1,5-diazabicyclo[4.3.0]nonene-5), 4P4B (tetraphenylphosphonium
tetraphenylborate). In addition, a latent curing catalyst, which comprises a

20 curing accelerator sealed in a microcapsule, is more preferably used, from the
viewpoints of the storage ability and the lowering of melt viscosity. These
curing accelerators can be used alone or in admixture of two or more kinds.

To the above-mentioned sheet-like thermosetting resin composition, other

materials such as organic materials and inorganic materials can be added as

25 occasion demands. The organic material includes silane coupling agents,



t he above-nentioned substrate film In addition, as an alternative nethod,
a sheet-like thernosetting resin conposition can be prepared by nelting
and extruding the conponents w thout using a solvent such as toluene. A
cured product produced by curing the abovg- nentioned sheet-1like 10

t hernosetting resin conposition can be, for instance, produced as foll ows.
Specifically, the desired cured product can be produced by thermally curing
the sheet-like thernosetting resin conposition obtained by the above net hod

preferably atitdfifm e@uplingagemsesupfeh efidifyin@hgdmt§) dnfoRMAGts, fekifyigf erably 3
to 300 mnutes, nore preferably 5 to 180 mnutes. 15 As shown in Figure 1,

a sem conductgentdeaidcthe Tkl Betilo@aAnkymbsrialincheles abfyes flHoisiswoRGs
sheet-1ike thernosetting resin conposition conprises a printed circuit

board 1, pl uehimBesitics and s"@ic@ﬁhﬁtﬁdé?m@ta@lﬁ@gﬁﬁ&ﬁ@h@é&&@f@o@pe@|sﬂﬁ7§1ﬂ,t 3
mount ed on one side of the printed circuit board 1 via the plural

connecting aelesiniagescidl anddoldes @thdritdgmeatsanlalyes; zhd the likemathehaimgen t he
printed circuit 20 board 1 and the sem conductor el ement 3 mentioned above.

The aboye- mepjti®oethedhofgahiccanreal isiot ?hﬁ(ﬁu‘lzﬁ@eﬁmﬁeﬂ\h [1ci§ pedfesdblé et e
connect the printed circuit board 1 with the sem conductor el enment 3

nentioned abgximgmayiokd the Brgatfit Ynadéri£ N9 petronbly®s % bgeweibht Semdie, nhegk
circuit board 1, or previously arranged on the side of the sem conductor

el ement 3. Fgféfhfalbly BO% Bpwielight at nipesfahe BOmMPbSiEbROWES tRe WidvHSInPbLHeO US| Y
arranged on both the side of the 20 printed circuit board 1 and the side

of the sem ceRrduit bondihgtentecd thd BRcrotey ofhs st@icontigctor eltin®sht @ntické t boar d
1 is not particularly ITmted, and can be roughly classified into ceramc

substrat es askkcpbded bfthepiitedtiesuit Bhwed. above- mentioned plastic substrate
I ncl udes, for instance, epoxy substrates,

10 The size (area) of the above-mentioned sheet-like thermosetting resin
composition is appropriately set depending upon the size of the semiconductor
clements to be mounted, and it is preferable that the sheet-like thermosetting
resin composition has a size which is substantially the same as the size of the
semiconductor element. Similarly, the thickness and the weight of the sheet-like

15 thermosetting resin composition are appropriately set in accordance with the size
of the semiconductor element to be mounted and the size of the spherical
connecting electrodes provided on the semiconductor element, namely the
volume occupied by a sealing resin layer formed by filling and sealing an air gap
formed between the semiconductor element and the printed circuit board.

20 The above-mentioned sheet-like thermosetting resin composition can be
prepared, for instance, as follows. Each of the components of an epoxy resin, an
acrylonitrile-butadiene copolymer, and a compound represented by the general
formula (1) or (2) mentioned above is formulated in a given amount, and various

components such as a curing agent, a curing accelerator and various fillers are

25 formulated as occasion demands to give a composition. The resulting



5 bismal ei m detriazine substrates, polyimde substrates and the like. The
sheet- |ike thernposetting resin conposition having flux activity of the
present invention can be suitably used without particular limtation, even
when a bonding tenperature cannot be sety¢high due to its problemin heat
resistance as in a case where a plastic substrate is used in conbination
with connecting el ectrodes nade 10 of lownelting point solder and the

li ke. The connecting electrodes 2 may be only conposed of electrodes, or

they may havempositionds wiiged Bndviietied 3R aabB&hE 9&@1 ésstoRIe‘ﬁE' fethyMettylan
electrically conductive nenber such as joint- . The materials for the

connecting  &egsmicldrdeisylhcatate, A0l tﬁ@ﬁxﬁi&i&cﬂﬁﬂxdm s' d(?ph@ﬁ' t0 I@ﬁbﬂ?&teﬁlﬁﬂ such
t herefor include, for 15 i nstance, |ow nelti ng point and high-nelting point

bunps nmade oks @@Jotﬂgszertmm wRIHIS subjebiédlto MdldReIERsing flRtinbdiR. INds®; thél so, in
a case where the ectrodes on the printed circuit board are nade of the

mat eri al s megbhieasdbabAy Qﬂmﬁ%‘ﬁrxe&%ﬂ@“%ﬂum gl @ H%%gﬁl%nﬁﬁl/chbfs 90l cthe P]g%ﬁgarl y

copper bunps and the Iike. The sem conductor e errent 3 1s not part

limteds andréhessd Zﬂeﬁﬁﬁ‘gﬁﬂhgﬁ'ﬂﬁkﬂréﬂ $5R6 1% Thdith RERING BN c%%gdsﬂﬁlﬁ&?e
vari ous seniconductors such as el ement ary sem conductors of 1 con and

ger mani um  agh SUVROMBAoRRIEuSSRE AT, SIn0iddaPdd, i Th A BIAKYE métREH LM
phosphide or the like can be used. The size of the sem conductor’ el ement 3

I's usual ly seliedtQikeatermiostitidredin chrifosiorBan Be pRPEHA 18 m%lth%;ﬁﬁi mn and a
thickness of 0.1 to 0.6 mm In addition, the 25 size of the printed

circuit boar dxftudingwhé ebmpofi&its e@ﬂféu@hﬁhg@s@mﬁt sdchmuphRde2l printed
circuit is formed I's set to have a width of 10 to 70 mm a length of 10 to

70 mm and a t hi ckpesisre@hréduidb ptctiuded bsmﬂurihg thhdVel MenBoddR! sHeet-lRe
sem conductor element 3. In add| tion; in The case of a map type board (one
mount i 1) mManhermosetting resin composition can be, for instance, produced as follows.
Specifically, the desired cured product can be produced by thermally curing the
sheet-like thermosetting resin composition obtained by the above method
preferably at 100° to 225°C, more preferably at 120° to 200°C, for preferably 3
to 300 minutes, more preferably 5 to 180 minutes.
15 As shown in Figure 1, a semiconductor device manufactured by using the
above-mentioned sheet-like thermosetting resin composition comprises a printed
circuit board 1, plural connecting electrodes 2 and a semiconductor element 3
mounted on one side of the printed circuit board 1 via the plural connecting
electrodes 2, and a sealing resin layer 4 is formed between the printed circuit
20 board 1 and the semiconductor element 3 mentioned above.

The above-mentioned plural connecting electrodes 2 which electrically
connect the printed circuit board 1 with the semiconductor element 3 mentioned
above may be previously arranged on the side of the printed circuit board 1, or
previously arranged on the side of the semiconductor element 3. Further, the

25 plural connecting electrodes 2 may be previously arranged on both the side of the



sem conductor el enments on the sane printed circuit board), the width and
the 5 length can be both set at 40 nmor nore. Also, it is preferable that
the di stance between the sem conductor elenent 3 and the printed circuit
board 1 into which the dissolved sealingzgesinis filled is usually fromb5
to 100 m As described above, the sem conductor device using the
above-nentioned sheet-like thernosetting resin conposition is manufactured
by inserting a layered 10 solid resin between a printed circuit board and

a sem conductprinted eirenit boawd 1 kndthetshdes ofbieisdmicsidictoaibrien 3. ng a seal i ng
resin layer. One enbodinent for the nmethod for manufacturing a

sem conduct or deviTie phtdiabs forelseptinted ettt Goaml 1 is ndipaseayaty lisdited, and
expl ai ned in accordance with the drawings. First, as shown in Figure 2, a

sheet -1i ke t henrieseughlyclasifisd Genpaahiit oibstratekandfplistie sabsigass. TRyention
Is placed on a printed circuit board 1. Next, as shown in Figure 3, a

sem conduct orabekenmentiched ipdastidadbyrrdth iRdluded) feaihgihcR bpSopRattlang ,
el ectrodes (joint balls) i s mounted on gi ven positions on the sheet-Iike

ther nosgt ti ndismaleimixivmmognd substritesapélyliiRlesnbatattd K1 thBQIKEDSEHd dHe@t-r €Si n
conposition 7 is nelted to give a nolten state. The sem conductor el enent 3

i's 20 pressedikeahthadsetiiee eeimeshpagtiod B@ﬁingq‘m attiofty b eheSpb&RNAVE 1 RIn
el enent 3 push out the sheet-like thernosetting resin conposition 7 in a

nol ten st at e caabetsuitablyhesed pritiiiue @agicuddsilimbiaedrd eded whepatbdetag Wi th the
connecting el ectrodes 2, and that an air gap forned between the

seni conduct onempersne canasichbd dee high diced ied sroblem irbet deslsthseef dd inadcadet h a
nolten resin. The netal bonding is carried out by solder 25 reflow, and

then the resiwhdrs aplastit substsetalis tdee! iai dontdpatidhwitkRpnhestingndedrsRR I hade 22
resin layer 4. In this nethod, the solder reflow nethod may be a bondi ng
met hod1@isi ng of lowfheltinpolatcsnldarrand theofiké.ng nmet hod sinul t aneously with
The connecting electrodes 2 may be only composed of electrodes, or they
may have a structure in which an electrode is provided with an electrically
conductive member such as joint ball. The materials for the connecting
electrodes 2 are not particularly limited. The materials therefor include, for
15 instance, low-melting point and high-melting point bumps made of solder, tin
bumps, silver-tin bumps, and the like. Also, in a case where the electrodes on
the printed circuit board are made of the materials mentioned above, the
connecting electrodes may be gold bumps, copper bumps and the like.
The semiconductor element 3 is not particularly limited, and those
20 conventionally used can be employed. For instance, various semiconductors
such as elementary semiconductors of silicon and germanium, and compound
semiconductors of gallium arsenide, indium phosphide or the like can be used.
The size of the semiconductor element 3 is usually set to have a width of 2 to

20 mm, a length of 2 to 20 mm and a thickness of 0.1 to 0.6 mm. In addition, the

25 size of the printed circuit board 1 in which a semiconductor element 3-mounted



mounting a chip, with heating and soldering and nelting a heater portion to
a tenperature of equal to or higher than the nelting point of the solder.
As 5 described above, the sem conductor device as shown in Figure 1 is
manuf actured. 1In the process for manufa@yguring the sem conductor device
mentioned above, a case where a sem conductor element 3 provided with
plural connecting electrodes (joint balls) 2 is described. The present
invention is not limted thereto, and a case where plural spherical

connect i ng ebpsdotadoriemiPisdomned BwebtishavelDwitthof d8do G0 nampa lerigehl of L0 cwi t
board 1 may al so be enployed. In the process for manufacturing a

semn conduct offQdemi arl arthitkresedf 886\vte 3.0 trine, th erdttin thet strpef the semivdrinctdre
sheet-1ike thernosetting resin conmposition 7 is nelted to give a nolten

state i s appelamémtBelIn sidition) i drsiade bAh inp 9He bberdneat mowsingtamee of the
sem conductor elenment 3 and the printed circurt board 1, and the 15 nelting

poi nt of thesemivoaduciog cknesits onldre shmemdnted eirsol beaid)ghp evidth anditheeat
resi stance of the sheet-like thernosetting resin conposition 7. \Wen the
nol t en Sheet idrighle chlhbe otiesdt iand0 nas ion nesP Adid,iipis prefetdblle tit the distanger gap
formed between the sem conductor elenment 3 and the printed circuit board

1, it is prebetvadeneht Bamiddndusomeleaiuhy Gtand tht privrd dizupirbeasktd ine wikiehr i bed
20 above. The pressing conditions are appropriately set dependi ng upon the

mat eri al andtidéissulobd seatingaesinds filled iciweliydees S(tbdi00tumal 1 s) . Concretely,
the pressure is set within the range of fromO0.1 to 50 gf/nunber,

preferably w thinAstdescribethebavle, theassnficéhduetor fegioenugivipethe aBove-Heamintied
Enbodi ment] 23 A second enbodi nent of the present invention relates to a

t her noset t i nghaetdike thempossttingresmorampasitign Bmendagtureeishninsertimgenlyered
resi n-based curing
10 solid resin between a printed circuit board and a semiconductoer element, melting
this solid resin, and forming a sealing resin layer. One embodiment for the
method for manufacturing a semiconductor device of the present invention will
be sequentially explained in accordance with the drawings.
First, as shown in Figure 2, a sheet-like thermosetting resin composition 7
15 of the present invention is placed on a printed circuit board 1. Next, as shown in
Figure 3, a semiconductor element 3 provided with plural spherical connecting
electrodes (joint balls) 2 is mounted on given positions on the sheet-like
thermosetting resin composition 7, and the¢ sheet-like thermosetting resin
composition 7 is melted to give a molten state. The semiconductor element 3 is
20 pressed so that the connecting electrodes 2 on the semiconductor element 3 push
out the sheet-like thermosetting resin composition 7 in a molten state, so that the
printed circuit board 1 is contacted with the connecting electrodes 2, and that an
air gap formed between the semiconductor element 3 and the printed circuit

board 1 is filled with a molten resin. The metal bonding is carried out by solder

25 reflow, and then the resin is cured to seal the air gap, thereby forming a sealing



agent and a compound having the general forrmula (1) or (2) nentioned above.
The resins constituting the main materials for the above-nentioned 5

t hernosetting resin conposition are epoxy resins. As the epoxy resin, any
of those having two or nore epoxy group®2in its nol ecule can be used

wi thout particularly Iimtation. The epoxy resin thereof includes, for

i nstance, bisphenol A epoxy resins, bisphenol F epoxy resins, biphenyl
epoxy resins, o-cresol novol ak epoxy resins, triphenol methane epoxy

resins, di cysdshpRieadi ¢nehispwihod, Ghe ssliersiefloar pethvdandxie aeﬁ:hdﬁ;f@nd t he
i ke. Anbng them those epoxy resins having a nelt viscosity of 0.5 Pass

or less at 1hRthqbusihe areflewiuafacealla/bdiriify metliciRiiduitanembpiviths of the
i nprovenent in the flux activity, the adhesiveness, and the reduction in

voi ds. Thesemepaxig aeshipsvithhefitngi@risoideriig aid ndlthgn kéaseepordbnityva or nore
ki nds. Al so, the epoxy resin has an epoxy equival ence of 15 preferably from

140 to 270 gfepgperatiies 6f pijdl & @bhhghémranlﬁé)nismﬁ%@bm efithe saldkra Agrel ting
poi nt of preferably 100C or |ower, nore preferably 80C or lower. In the

above- ment i ofestribbéateseEthe BemicdatictePHPEsE ks SiiowR iP PRIt 1rieshdhufiassd.
curing agent, such as a phenol aral kyl-based resin or a phenol novol ak

resin i s forml at Bothepracess fongangfadturingtht bemkpadyctoedevice AMBatigntdem
t hose 20 phenol resin-based curing agents having a nelt viscosity of 0.5

Pass or | essalsdve, 4286 whergwsamiebadenaidlymeaes prdvidadi@iithipliiral d6nddiaie
curing agents, an acid anhydride-based curing agent such as

net hyl hexahyeleepbddsa(jbiet bells) 2aplaestritdd, Therprasendiventioasedoriimited agent
such as di cyanam de can be used. The phenol resin-based curing agent in the

above- nent i oneeetdparidg casesehéepdutabsitericeh@asictiing cleaodes®y geqyétiousl
equi val ence of preferably from 24 0 to 200, nore preferably from80 to
180. Tiee conpmwidef ot heripkaheitcuitisiand 1 may also be employed.

In the process for manufacturing a semiconductor device mentioned above,
the heating temperature when the sheet-like thermosetting resin composition 7 is
melted to give a molten state is appropriately set in consideration of the heat
resistance of the semiconductor element 3 and the printed circuit board 1, and the

15 melting point of the connecting electrodes 2, and the softening point and heat
resistance of the sheet-like thermosetting resin composition 7.

When the molten sheet-like thermosetting resin composition is filled in an
air gap formed between the semiconductor element 3 and the printed circuit
board 1, it is preferable that the semiconductor element is pressed as described

20 above. The pressing conditions are appropriately set depending upon the
material and the number of connecting electrodes (joint balls). Concretely, the

pressure is set within the range of from 0.1 to 50 gf/number, preferably within

the range of from 0.2 to 20 gf/number.

25 [Second Embodiment]



based curing agent is preferably from0.6 to 1.4 equival ence, nore
preferably fromO0.7 to 1.1 equival ence, per one equival ence of the epoxy
resin, fromthe viewpoint of the curing reaction. 5 In the above-nentioned
t hernosetting resin conposition of the pmgsent invention, a curing
accelerator for the epoxy resin can also be fornulated. As the curing
accel erator descri bed above, various curing accel erators which have been
conventionally known as curing accelerators for epoxy resins can be used.

The curing accel & second entloditrsnt dfahe prestatinecntion réattaivadthermbsgting
accel erators, 10 phosphorus-containing curing accel erators,

bor on- cont ai rdshgc@mgbsiﬁoﬁ@@ﬁilﬁ'rsﬂi Sepoxyhesiph e phsndliy esincimastdicaring curing
accelerators, and the like. I'n addition, a latent curing catalyst, which

conprises a aggritngdaceahpsridiavigptiedendrad formels ¢Cpms(2) enentionsd above.
preferably used. These curing accel erators can be used alone or in

adm xture of two The eNigs kbmdtisutinkSthe mdihenAbGHE foriht iaboee nidneionedet ting
resin composition, other materials such as organic materials and inorganic

nmateri & s cathepmoseitiag résin coapdkkidn e BpaisresiiRe A¥ harpoxyedstr,iaply dfncl udes
silane coupling agents, titanium coupling agents, surface nodifying

agents, anti thosdaatvig thackd hyidepoagerbeps @it mbheuld deg. behilbed iwith@ani ¢
materi al includes various fillers such as alumna, silica 20 and silicon

nitride, netpghtticaldphr Hindthtion.nate epbx ¥ aphethersdflindudesafaminstante, biggtrehol and
sol der; other pignents and dyes; and the |like. The mxing ratio of the
i norgani ¢ mapespoxly resinsdsispiadiol Bldpaky Yesind]bigtényl épdxy Rsigbes-@kdsel t hat the
mxing ratio of the inorganic material is preferably 85% by wei ght or
| ess, nmore powedlek apbyy Baad)yripiinohhethtnd esoxy ebinkhdicgcopasadiens epbrpm t he

vi ewpoi nt of the 25 electric bonding between the el ectrodes of the

sem colfduct oreséisgterptneepbyhresiab and the like. Among them, those epoxy resins
having a melt viscosity of 0.5 Paes or less at 150°C can be more preferably used,
from the viewpoints of the improvement in the flux activity, the adhesiveness,
and the reduction in voids. These epoxy resins can be used alone or in admixture
of two or more kinds. Also, the epoxy resin has an epoxy equivalence of

15 preferably from 140 to 270 g/eq., more preferably from 150 to 220 g/eq., and a

melting point of preferably 100°C or lower, more preferably 80°C or lower.

In the above-mentioned thermosetting resin composition, a phenol resin-
based curing agent, such as a phenol aralkyl-based resin or a phenol novolak
resin is formulated as a curing agent for the epoxy resin. Among them, those

20 phenol resin-based curing agents having a melt viscosity of 0.5 Pa*s or less at
150°C are more preferably used. In addition, as other curing agents, an acid
anhydride-based curing agent such as methylhexahydrophthalic acid anhydride,
or an amine-based curing agent such as dicyanamide can be used.

The phenol resin-based curing agent in the above-mentioned

25 thermosetting resin composition has a hydroxy!l equivalence of preferably from



el ectrodes of the printed circuit board. Besides the above-nentioned
additives, in the above-nentioned thernosetting resin conposition, there
can be fornul ated a conponent such as silicone oil, silicone rubber, or a
synthetic rubber-reactive diluent for thegpurpose 5 of achieving | ow
stress, or a hydrotalcite or an ion trapping agent such as bisnuth

hydr oxi de for the purpose of inprovenent in the reliability in the

noi sture tolerance reliability test. Further, an organic solvent can be

al so added f60rtot200, Rivi® pesfeablyrfibms30 0150, OTRPEddtént offthd Preddiegdipset ting
resin conposition. The organic solvent includes, for instance, toluene,

xyl ene, net hphsq EWing@iepn s Fiefdrbbik)fro 08 ANE4 eduReRimeBEmalLMRerabANd t he
|ike. Further, it is preferable that the above-nmentioned thernosetting

resin conpogido Q7 ic51.3 ¥quflaldncBaSerdnbicghival 618 DF e Sox§AesiHagdnPthenor e at
25C, and that the thernosetting resin conposition is in a nolten state at

70C, fromt heiewﬂ,(ﬁmp@fﬂ{egu@ﬁlgtrgﬁxmr kability and the storage stability.
Specifically, the 15 thernoséetting resin conposition has a nmelt viscosity

of prefgrably 100 Iﬁmawve-ﬁxeﬁﬁone@h@:rﬁs@&ﬁf&a@sm RO the Peesent
especially preferably 20 Pass or less at 70C. However, it is preferable

that the | owgfiveniidh! aicirifls Qécdt@ator fhlefhe epbR§ rédeh tan ¥is6 ®e ThinfulafedlEASEHE ned
by ICl rotational visconeter. Since the above-nentioned thernosetting resin

conposi ti on kafinkRecabRve dedriRidPaRNve! ?ﬁi@ﬁd:u@in?chcﬁéléiﬁt@t@t\irhibﬁ Yavé BBen

thernosetting reSin conposition exhibits excellent effects in the

product i vi ty cohtentiialigkinbistiyas dufitigriebelbritGrstfot €5RRCesins ehh BB iukéd.yThand the
storage stability. The above-nenti oned thernosetting resin conposition can

be prepared, cufifig abesiéRnsEnclaged, 9ot ﬁ%ncé%n@%ami@eﬁa@%,epoxy

resin, a phenolic resin- 25 based curing agent, and a flux active agent

represgt ed bliosgidrgeoetalinin®tatih@accelerators, boron-containing curing accelerators,
phosphorus-boron-containing curing accelerators, and the like. In addition, a
latent curing catalyst, which comprises a curing accelerator sealed in a
microcapsule, is more preferably used. These curing accelerators can be used
alone or in admixture of two or more kinds.

15 In the above-mentioned thermosetting resin composition, other materials
such as organic materials and inorganic materials can be added as occasion
demands. The organic material includes silane coupling agents, titanium
coupling agents, surface modifying agents, antioxidants, tackifying agents, and
the like. The inorganic material includes various fillers such as alumina, silica

20 and silicon nitride, metallic particles made of copper, silver, aluminum, nickel
and solder; other pigments and dyes; and the like. The mixing ratio of the
inorganic material is not particularly limited. It is preferable that the mixing
ratio of the inorganic material is preferably 85% by weight or less, more
preferably 80% by weight or less, of the composition, from the viewpoint of the

25 electric bonding between the electrodes of the semiconductor element and the



26 (1) or (2) nentioned above is fornulated in a given anount, and vari ous
conponents such as a curing agent, a curing accelerator and various fillers
are fornulated as occasi on demands to give a conposition. The resulting
conposition is kneaded in a heated state yth a kneader such as a universal
5 stirring reactor, and the conponents are m xed and nelted. Next, the
nolten conposition is filtered wwth a filter, and thereafter defoaned
under reduced pressure, thereby giving a desired thernosetting resin

conposi tion. &@étrd,mtgemg@pﬂn{ea difegitkiagatli ng of each of the conponents
menti oned above, an epoxy resin and a phenolic resin-based curing agent

are previously m xgekiadd the aBavé-nkntiBnd®adtifios, Ve 1! dbovelhéhtiopgaedi ents, and
thereafter the renaining conponents such as a  flux active agent

represent ed b&ieﬁﬂ@ge@&?fa@in EanpidiBon, the@cali Bk féfrﬁul%%%’cc%a@nerﬂt QUEH as
tenperature, and m xed. As shown in Figure 1, the sem conductor device

manuf act ur ed difiedRe 418 silpdeQubBer bR §ehthbigs AMBRE-tdaREvE 88LEntTBIMBRS dbos:
conprises a printed circuit 15 board 1, plural connecting el ectrodés 2 and

a seni cenduct sfrachiemm@nlon? st¥sNbLE hofrodd18itS bgh Rin ddpdidy hgRdusi heui t board
1 via the plural connecting ef ectrodes 2. Further, ‘a seali ng resin | ayer 4

is formed betyg@ntt hpdmdkidel B i piipbde SR overAdH in tiCrebaBIIRE ML OF
el enent 3. The materials and siZes for each of the printed circuit board 1,

the 20 conneclhbmmreIz@@taﬁfeé@éuaz;iﬁq%gth@lﬁ@l@,%rtqﬁgﬁiersoweﬁﬂ_@m bals@Rddéde
arrangenments for each nenber aré the sanme ‘as those described for the First

Enbodi nent . Ay ﬁ%ﬁﬁrbb@@oﬁﬂﬁuﬁing NGw ST ¥ ONghe Ch&mdieNingSesis] ddthgdifion.
er

above-nmentioned t nosetti'ng resin corposition is nanufactured by
inserting a tTig 6@agiddoMent iR idest BIFAAGhAdD FolReiM§En, RetHit ‘éﬁhy}i ket

board and a sem conductor el enment,
10 (MEK), acetone, diacetone alcohol, and the like.

Further, it is preferable that the above-mentioned thermosetting resin
composition is solid or has a high viscosity of 800 Pa*s or more at 25°C, and that
the thermosetting resin composition is in a molten state at 70°C, from the
viewpoints of the workability and the storage stability. Specifically, the

15 thermosetting resin composition has a melt viscosity of preferably 100 Pass or
less, more preferably 50 Pass or less, especially preferably 20 Pass or less at
70°C. However, it is preferable that the lower limit is 0.01 Pae*s. Here, the melt
viscosity is determined by ICI rotational viscometer.

Since the above-mentioned thermosetting resin composition has the above

20 properties and also flux activity, the thermosetting resin composition exhibits
excellent effects in the productivity, the workability, the moisture tolerance
reliability, and the storage stability.

The above-mentioned thermosetting resin composition can be prepared,
for instance, as follows. Each of components of an epoxy resin, a phenolic resin-

25 based curing agent, and a flux active agent represented by the general formula



25 and formng a sealing resin layer. Here, the thernosetting resin
conposition 27 may be applied to a printed circuit board or to a

sem conductor elenment. In the case where the thernosetting resin
conposition is applied to a side of the ogem conductor elenment, the

t hernosetting resin conposition nmay be applied to a wafer before dicing
the wafer into individual chips, or to individual chips after 5 dicing the
wafer. A nethod conprising applying a thernosetting resin conposition to a

waf er, dicin )td“rﬁ(Zxﬂie@ﬂtiohB@ de}@is\fbﬁﬁﬁﬂatﬁihms%iv&mdﬁfmnﬂtahﬂgraﬁbﬁs chips is
preferable, fromthe viewpoint of inproving the productivity because the

resin can beceppbh@tts kotahd ¥ c@ﬂn?ag@ft,ei chg¥ehecolera®irhad vedibusfiflew 49 a
resin include any of printing method or spin coating nethod, and a printing

sealing 10 peynfifistedtaslocisin WemuHds ﬂ@rgqséurc@nﬂiofsftﬁfnenﬂﬁ:ﬂe@uxﬁhgn_ti ng met hod
Is nmore preferable because gas is less likely to be contained in the resin

seal i ng | ayeeompblifiof 8 RéRlcdlin ahearsaq@te®iith 4 Rheddie sREIPEES SnfveFsal
manuf acturing a sem conductor device of the present invention will be

sequentg al | ysgpfitlgticBedr,Ghd thBeohpdhentotrd hexdll 81l MeRed. 1Neck) thnMeadi nent
where a thernosetting resin conposition is applied to a printed circuit

board, firstcompositionts fiftefddowitl adilte?, APheRactt dofbahrdithdee ymesdti on 7 of
the present invention heated to 70C and in a nolten state is potted on the

printed circgidssipeath@dréby #i@iﬁ% a désifldanern dsehtinpieSinScorposesn, CPRCHStaRte,
prura

el ement 3 provided with spherical connecting electrodes 20 {joint

balI's) 2 is jpheticdadimedineash peshd ¢omortRtPmbRes g AidvieNsh E?ﬁynresin and
conposition 7. The sem conductor elenent 3 is pressed, and the connecting

el ectrodes 2aghehdléc fesli-bardusion pken@otpravipusth moiked With héeiguset ti ng
resin conposition 7 in a nolten state, so that the printed circuit board 1
I s cont(act eddissolve all solid ingredients, and thereafter the remaining components such as a
flux active agent represented by the general formula (1) or (2) are added at a
lower temperature, and mixed.
As shown in Figure 1, the semiconductor device manufactured from the
above-mentioned thermosetting resin composition comprises a printed circuit
15 board 1, plural connecting electrodes 2 and a semiconductor element 3 mounted
on one side of the printed circuit board 1 via the plural connecting electrodes 2.
Further, a sealing resin layer 4 is formed between the printed circuit board 1 and
the semiconductor element 3.
The materials and sizes for each of the printed circuit board 1, the
20 connecting electrodes 2 and the semiconductor element 3, and the arrangements
for each member are the same as those described for the First Embodiment.
As described above, the semiconductor device using the above-mentioned
thermosetting resin composition is manufactured by inserting a thermosetting

resin composition between a printed circuit board and a semiconductor element,

25 and forming a sealing resin layer. Here, the thermosetting resin composition



with the connecting electrodes 2, and that an air gap formed between the 25
sem conductor elenent 3 and the printed circuit board 1 is filled with a
nolten 28 resin. The netal bonding is carried out by solder reflow and
then the resin is cured to seal the air gap, thereby formng a sealing
resin layer 4. In this method, the solder reflow nethod may be a bondi ng
met hod using a reflow furnace, or a bonding nmethod sinultaneously wth
mounting a chip, with heating and 5 soldering and nelting a heater portion
to a tenperatlideboppliedito 2 priotedhiighéirboadar to deemiebhdngopelentenaf I fhe
sol der. As described above, the sem conductor device as shown in Figure |
i s manuf act uraase wihere the thennesettifgresinrvafipusition s@pplied seaisiierufune or devi ce
nmentioned above, a case where a sem conductor elenment 3 provided with
pl ural spher iscaticontictmrelenenty thesthenhosetiég fesivi cumpasition mayite piedithad.
The present invention is not limted thereto, and a case where plural
spheri cal conmalet befpretiing tiesaf2r arte indivigubbelsiby, qrrtovndieifivanciappafiet ed
circuit board 1 may also be enployed. The thickness and the weight of the
t her nos&t t i ngliciagithe wafigrosA mathod cemprisiagppppingt ehernettting ragigor dance with
the size of the sem conductor element 3 to 15 be nounted and the size of
t he spheri calcooyposiim tog wheers dicitgsthe wafeninttethdovidbiechissyaad petigitpig tkement
3, nanely the volunme occupied by a sealing resin layer 4 formed by filling
and seal i ng ahipsiis peefprable, fean ikt vieepoithef smpredng tiet produetieitebécadisangt t he
printed circuit board 1. In the process for nmanufacturing a sem conductor
devi ce nent i gesid cabdeeppliedtathily beatwafgr levsheAatethed fiveappifiggtaheshpset ti ng
resin conposition 7 is nelted to give a nolten state is appropriately set
i n consi der atidndofny b ptinting reshed anspén obatingdweethod, exhdpeintingskgimnt 3 and
the printed circuit board 1, the nelting point of

method utilizing vacuum pressure difference in printing method is more

preferable because gas is less likely to be contained in the resin sealing layer.
One example of an embodiment for the process for manufacturing a
semiconductor device of the present invention will be sequentially explained on
the basis of the drawings.

15 In an embodiment where a thermosetting resin composition is applied to a
printed circuit board, first, as shown in Figure 4, a thermosetting resin
composition 7 of the present invention heated to 70°C and in a molten state is
potted on the printed circuit board 1. Next, as shown in Figure 5, a
semiconductor element 3 provided with plural spherical connecting electrodes

20 (joint balls) 2 is mounted on given positions on a thermosetting resin
composition 7. The semiconductor element 3 is pressed, and the connecting
electrodes 2 of the semiconductor element 3 push out the thermosetting resin
composition 7 in a molten state, so that the printed circuit board 1 is contacted
with the connecting electrodes 2, and that an air gap formed between the

25 semiconductor element 3 and the printed circuit board 1 is filled with a molten



the connecting el ectrodes 2, and the softening point and heat resistance of
the thernosetting resin conposition 7. 25 29 [Third Enbodi nent] A third
enbodi ment of the present invention relates to a thernosetting resin
conposition conprising an epoxy resin, angacid anhydri de-based curing

agent and a conpound having the general fornula (1) or (2) nentioned above,
5 wherein the thernosetting resin conposition 7 is liquid at 25C. The epoxy
resin used in the present invention includes bisphenol A epoxy resins,

bi sphenol F epdxyThesiois bondingd Rlcasiakyutitnsioldersefitwasnditenahe reuoisak
epoxy resins and cresol novol ak epoxy resins, alicyclic epoxy resins,

ni trogen- copteidnbrgalaiie hirgapptixyebeirming s sénling resihdhyeriadyin thisoaythod at e
and hydantoi ¢ 10 epoxy resins, hydrogenated bi sphenol A epoxy resins,

al i phati ¢ epeysdldsirefow gkthotdiiy B¢ hdonep@xicthos ubisg diesiohefivhads, 6pAXY
resins, biphenyl epoxy resins fromwhich [ow water supply rate cured

product s ar ebsrdingngthed siresliandoastglwith frion@tiep@xhig, esitinBeatingidhal ene epoxy
resins, and the |Irke. These epoxy resins can be used alone or in adm xture

of two sor nogeldktingand Amedfige bheser poRion th% tepensurctdfag@alal srthigher thhone
liquid at roomtenperature, including bisphenol A epoxy resins, bisphenol

F epoxy resi fit mBRidg!fuahesfethe ROkEr. Asidascrittld abivot the seROndneD devicand
triglycidyl isocyanurate are nore preferably used. The above-nenti oned

epoxy resin gywheén Fidure 1ds mang@icturetl. an anmbi ent  tenperature (25C). The
epoxy resin generally has an epoxy equival ence of 20 preferably from90 to

1000. Wen the epbhxsher@stassifer sahufhctiamgethexymicsidacioadevige angtichedi ng
poi nt of 160C or lower is preferable.
above, a case where a semiconductor element 3 provided with plural spherical
10 connecting electrodes (joint balls) 2 is described. The present invention is not
limited thereto, and a case where plural spherical connecting electrodes 2 are
previously provided on a printed circuit board 1 may also be employed.
The thickness and the weight of the thermosetting resin composition 7 are
appropriately set in accordance with the size of the semiconductor element 3 to
15 be mounted and the size of the spherical connecting electrodes 2 provided on the
semiconductor element 3, namely the volume occupied by a sealing resin layer 4
formed by {filling and sealing an air gap formed between the semiconductor
clement 3 and the printed circuit board 1.
In the process for manufacturing a semiconductor device mentioned above,
20 the heating temperature when the thermosetting resin composition 7 is melted to
give a molten state is appropriately set in consideration of the heat resistance of
the semiconductor element 3 and the printed circuit board 1, the melting point of
the connecting electrodes 2, and the softening point and heat resistance of the
thermosetting resin composition 7.

25



The aci d anhydri de-based curing agent used in the above-nenti oned
thernosetting resin conposition includes phthalic anhydride, naleic
anhydride, trinellitic acid anhydride, pyronellitic anhydride,
hexahydrophthalic acid 25 anhydride, tetrghexahydrophthalic acid anhydride,
met hyl nadi ¢ acid anhydride, 30 nadic acid anhydride, glutaric anhydride,
nmet hyl hexahydrophthalic acid anhydride, nethyltetrahydrophthalic acid
anhydride, and the |like. These acid anhydride-based curing agents can be
used al one ofThidaabyditfeatof two or nore kinds. 5 In addition, a
conventional 'y known curing agent for the epoxy resin, for instance, an

am ne-based curi ngs agedémbadiNEnNf itlke FieséM InRGERhL reRtd3ab bl thbinloscasiger i f i ed
product of the above-nentioned acid anhydri de-based curing agent wth an

al cohol , or aegarch jtona®intpase dn epbky sy aR acRUaThyaside Bayahygigpht hal i c
aci d, tetrahyglr oph?ir?gsi cnacinzpor %e?hgl h}gxgﬁgdr oght halyiac gci d 10 rrlgg; be

used t oget heryobf At g@,ﬁggﬁm hé\ﬁngtﬁﬂé/geﬁé@ﬂtfbﬁﬁﬁﬁ r@gbggy}ﬁmmrﬁa—é@%eﬁ

curing agent. In this ca t hese curfng agents used al one, as |ong

as a myxtur QﬂﬁgreffﬂﬁeQwrhﬂﬁe@ﬁggssiw&&fggﬁioﬁpgféﬁ@%51”25‘33.' iquid at an

anbient tenperature, or they be u I ture of two or nore

kinds. The formul qtﬂeclﬂ%o&?trééin%fs,eé ﬁ?tkﬁﬁﬁé’é@nﬂﬁx‘%ﬁ@&?ﬁxcﬁk@éﬁiﬁéﬁ@lNép@x&lhe ,
above- 15 nentioned aci d”anhydri de-based curing agent 1s such that 'thé acid

anhydri de 9rr@é{ﬁs,iﬂissﬁﬂéﬁoﬁlgiegoﬁ?@éﬁié, devdiar ‘é?eﬁy‘fésﬂﬁ SAER 2k Ph@ndlrho%o!akt i o of
preferably from 0.5 to 1.5 equival ence, norte preferably from0.7 to 1.2

equi val ence, e@@f{¥ P8ens ARLErSSIERRAIA e;ﬁﬁ?ﬂsiﬁé,%@i@y&l& EPUXYERONY, KiB®ieBn- from
the viewpoints of the curing rate of the thernpSetting resin conposition,

L1 O SR SRS s S Moy s ot
10 epoxy resins, hydrogenated bisphenol A epoxy resins, aliphatic epoxy resins,
glycidyl ether epoxy resins, bisphenol S epoxy resins, biphenyl epoxy resins
from which low water supply rate cured products are mainly prepared, dicyclo-
ring epoxy resins, naphthalene epoxy resins, and the like. These epoxy resins
can be used alone or in admixture of two or more kinds. Among these epoxy
15 resins, those which are alone liquid at room temperature, including bisphenol A
epoxy resins, bisphenol F epoxy resins, naphthalene epoxy resins, alicyclic
gpoxy resins, and triglycidyl isocyanuraté are more preferably used.
The above-mentioned epoxy resin may be solid or liquid at an ambient
teraperature (25°C). The epoxy resin generally has an epoxy equivalence of
20 preferably from 90 to 1000. When the epoxy resin is solid, an epoxy resin
having a softening point of 160°C or lower is preferable.
The acid anhydride-based curing agent used in the above-mentioned
thermosetting resin composition includes phthalic anhydride, maleic anhydride,
trimellitic acid anhydride, pyromellitic anhydride, hexahydrophthalic acid

25 anhydride, tetrahexahydrophthalic acid anhydride, methylnadic acid anhydride,



agent other than the above-nentioned acid anhydri de-based curing agent is
used together with the acid anhydri de-based curing agent, the formulation
ratio may be adjusted in accordance with the formulation ratio (equival ent
ratio) of the acid anhydride-based curing agent used. 25 In the
above-nentioned thernosetting resin conposition, a curing 31 accelerator
for the epoxy resin can also be fornulated as occasi on demands. As the
curing accel erator nentioned above, various curing accel erators which have

been convent inatiR) dcid knloydrides ghitatio anlRRles iRt/ Befadyd&ipdaliceslids can be
used. The curing accelerator includes, for instancé, tertiary am nes such

as 5 1, 8-di aaﬁbz@ﬂ@é,%&hﬁt&}w}@%ﬁftﬁaﬂo adiél h8RYHidY) afd @B HRe. These acid
tri-2,4,6-di nmethyl am nonet hyl phenol , im dazol'es such as

2- et hyl - 4- metahliydrideiBagidecuding abeR!danlbenisdd 2R orlR QERIRIILS of &S Bt Ridie
conpounds such as tri phenyl phosphi ne, tetraphenyl phosphoni um

t et raphenyl b¢dgdse, tetra-n-butyl phosphoni um o, o-di et hyl phosphor odi t hi oat e,
10 quaternary ammoni um salts, organonetal salts, and derivatives thereof..

These guring accehgdditivhsa eafvdiRionaRd kabRARusihgiaBe ISl MAdE S0 rek WO fQf nore
kinds. In the above-nentioned thernosetting resin conposition,” other

materials sigta@®, 8 8HhEbIRERNIrRIgS RN al gHRhORE LEriABhSEt2h §a1€fﬁ'mybe added
as occasion demands. The organic material includes SiTane coupl i'ng agents,

titani um 15 egpificd praditsnos thestidrcBenscdydcidadgRRide basld ic@?ih%%@éx% _
tacki fying agents, and the |like. The inorganic raterial includeS various

fillers suchvdsh ad alebhel, o?h'daﬁ%xyﬁ@fécﬁi—lbés@@%uﬂhgra%é@osu&ﬁfa@ lic particles
made of copper, silver, alum nunmy nickel and solder; other pignments and

dyes; and thekalisgirogihhalit ¥¢idgtet@hy@rophtHalie acid faihiythexah pdrophthaficReld
particularly limted. It is preferable that the m xing
10 may be used together in addition to the above-mentioned acid anhydride-based
curing agent. In this case, these curing agents may be used alone, as long as a
mixture of the curing agent with the epoxy resin is liquid at an ambient
temperature, or they may be used in admixture of two or more kinds.
The formulation ratio of the above-mentioned epoxy resin with the above-
15 mentioned acid anhydride-based curing agent is such that the acid anhydride
group in the acid anhydride-based curing agent is in a ratio of preferably from
0.5 to 1.5 equivalence, more preferably from 0.7 to 1.2 equivalence, per one
equivalence of epoxy group in the epoxy resin, from the viewpoints of the curing
rate of the thermosetting resin composition, the control for the glass transition
20 temperature for the cured product, and the water resistance. Even when a curing
agent other than the above-mentioned acid anhydride-based curing agent is used
together with the acid anhydride-based curing agent, the formulation ratio may
be adjusted in accordance with the formulation ratio (equivalent ratio) of the acid

anhydride-based curing agent used.

25 In the above-mentioned thermosetting resin composition, a curing



20 ratio of the inorganic material is preferably 70% by wei ght or nore,
nore preferably 65% by weight or nore, of the total conposition, fromthe
vi ewpoi nts of the viscosity and the el ectric bonding between the

el ectrodes of the sem conductor elenent gnd the el ectrodes of the printed
circuit board. Besides the above-nentioned additives, in the
above-nentioned 25 thernosetting resin conposition, there can be fornul ated
a conmponent such as 32 silicone oil, silicone rubber, or a synthetic

rubber - r eact ayesletiataredot tHeaspokheesiticanakso tef foaatlatsd agodoaviontdeasmds 0Asa
hydrotal cite or an ion trapping agent such as bismuth hydroxide for the

pur pose of ity QueERiceldtatoberdneiohedbbbvey vhfoldCurimmicetlei&otiaichese
reliability test. I'n addition, various conventionally known 5 additives

such as det ebke a@ﬁﬁm&@h@NthbWQ%s chﬁﬁ%'abékﬂex@ﬁﬁ@f&,epd;%rQéiIh@@azﬁE@ﬂb@i. dyes
and pignments can be properly fornul ated. Further, an organic solvent can

be al so adde%fe%ri_&lg%c@éléﬁ%ﬁn@fudéﬁyﬁdﬁiﬂsﬂa@xcé} el hidivesofuchhe 11 quid
thernosetting resin conposition. The organic solvent includes, for

i nstancg, toIlgseﬂﬁ,zaﬁmty@mgs.4.0}@:§dbwbn@vh&ie_tﬂﬁﬁémﬁaxﬁi‘zﬁt<), acetone, diacetone
al cohol, and the like. 10 Thé above-nenti oned thernosetting resin

conmposi tion k824 guitheiylZdiaomdtRylohendll ReRAkolePSEdfdscation, the term
"liquid" refers to those exhibiting a flomablllty, pref erably those havi ng

a melt vi SCOSLdtMyM-n%lﬁgﬂ@’i@az@Ie drRE3-nidth AhGidazdleOphdsploriscymainingdf
excellent flowability. Since the above-nentioned thernosetting resin

conposi tion csmboanddsuchhe thbRémskdsphiie, (@tiphe®@dphesphbhiym 15 has an
excellent flowability, so that it is effective in the prevention of air

i ntroduct i ontetfipeaBYEatEEBirh QIS E yIgHOE hildg-diediyphoephasiithivatgan be
prepared, for instance, as follows. Each of conponents of an epoxy resin,
an aciih quaternary ammonium salts, organometal salts, and derivatives thereof. These

curing accelerators can be used alone or in admixture of two or more kinds.

In the above-mentioned thermosetting resin composition, other materials
such as organic materials and inorganic materials can be added as occasion
demands. The organic material includes silane coupling agents, titanium

15 coupling agents, surface modifying agents, antioxidants, tackifying agents, and
the like. The inorganic material includes various fillers such as alumina, silica
and silicon nitride, metallic particles made of copper, silver, aluminum, nickel
and solder; other pigments and dyes; and the like. The mixing ratio of the
inorganic material is not particularly limited. It is preferable that the mixing

20 ratio of the inorganic material is preferably 70% by weight or more, more
preferably 65% by weight or more, of the total composition, from the viewpoints
of the viscosity and the electric bonding between the electrodes of the
semiconductor element and the electrodes of the printed circuit board.

Besides the above-mentioned additives, in the above-mentioned

25 thermosetting resin composition, there can be formulated a component such as



anhydri de-based curing agent, and a flux active agent represented by the

general 20 fornmula (1) or (2) nentioned above is formulated in a.given

anount, and various conponents such as a curing agent, a curing

accel erator and various fillers are forn32 ated as occasi on denmands to give

a conposition. The resulting conposition was m xed and nelted with a

kneader such as a universal stirring reactor. Next, the nolten conposition

is filtered with a filter, and thereafter 25 defoaned under reduced

pressure, th&llésnedqiilisiiroae debarear 2 sypthetic tubbemmmactiverdiltéht foetierpurpose

conposition on the above-nenti oned substrate film As shown in Figure 1,

t he sem cond@ftashieyéng koo steessf ora hydndtdlcitarot sreiondppingregent suetlas

t hernosetting resin conposition conprises a printed circuit board 1,

pl ural connegmfﬁgthehjé&ﬂxﬁdésr thegnupeseseriimpoorhudnd in tlecretinbilidy irothet ed 5 on

one side of the printed circuit board 1 via the plural connecting

el ectrodes 2.moisture helerange seliability testsiln atldiyien, viaricusfoonwedidmetydenwhe

printed circuit board 1 and the seni conductor elenent 3. The materials and

sizes fdr eackdiivesiseches detedoritionyirevinsives levelingengennndefoaitigg epeaty odes 2

and the sem conductor elenment 3, and the arrangenents 10 for each nenber

are the same dyss endpigmens cabbe piapertyerfiulated. Eidxtier mnorgadic ddeatticasd

above, the sem conductor device using the above-nentioned thernosetting

resin conposibeialsp addedefiorthecpurpest tfadjustingt flowatslity efuhd liquikbthepmetdtiing

resin conposition between a printed circuit board and a sem conductor

el enent, and r¢8R gPAPositvaal Theprgenicrsolwneinclides, fox amreepfolaenc] sylenbpdi nent

for the process for manufacturing a sem conductor device of the present

i nvention wi mrethpl ¢fbgllkaiona(MEKIx pretoms diametankalddel, andfthe higgedr awi ngs.

First, as shown in Figure 4, a liquid thernosetting resin conposition 7 of
10 The above-mentioned thermosetting resin composition is liquid at 25°C.

In the present specification, the term “liquid” refers to those exhibiting a
ﬂowability, preferably those having a melt viscosity of 800 Pass or less at 25°C,
from the viewpoint of excellent flowability. Since the above-mentioned
thermosetting resin composition is liquid, the thermosetting resin composition
15 has an excellent flowability, so that it is effective in the prevention of air
introduction. |
The above-mentioned thermosetting resin composition can be prepared,
for instance, as follows. Each of components of an epoxy resin, an acid
anhydride-based curing agent, and a flux active agent repreéented by the general
20 formula (1) or (2) mentioned above is formulated in a given amount, and various
components such as a curing agent, a curing accelerator and various fillers are
formulated as occasion demands to givé a composition. The resulting
composition was mixed and melted with a kneader such as a universal stirring
reactor. Next, the molten composition is filtered with a filter, and thereafter

25 defoamed under reduced pressure, thereby giving a desired liquid thermosetting



the present invention is potted on a printed circuit board 1. Next, as
shown in Figure 5 a sem conductor elenent 3 provided with plural

spherical connecting 20 electrodes {joint balls) 2 is nounted on given
positions on a thernosetting resin conpog3tion 7. The sem conduct or el enent
3 is pressed, and the connecting electrodes 2 of the sem conductor el enent
3 push out the liquid thernosetting resin conposition 7, so that the
printed circuit board 1 is contacted with the connecting el ectrodes 2, and

that an air gedin compesitioatonehe abbec-semioned pelisorate?bingl enent 3. and the
printed circuit board | is filled with a liquid thernosetting 34 resin

conposi tion. The patshowaoindfingre § thasemeondudtobyerdod aanufatiredfraandhd hen
the resin is cured to seal the air gap, thereby formng a sealing resin

llayer 4. |n abbvemuntibacd thdrgosetidg resie tobmypositivh@dniprisebe printahdiragt met hod
using a reflow furnace, or a bonding nmethod sinultaneously with nounting a

chip, wth héabidp fuabdosmdctigpichgt@idds Dehtliangnidchehicir gdanbniod niouneed
tenperature of equal to or higher than the nelting point of the solder. As

descri bfed abevienetside oyl peintet-tietuit beart deviashespian] connédtiny eledirddes 2.
manuf actured. In the process for manufacturing the sem conductor device

mentioned alFaviber,a sealgg i Biyer 4 dofarandusiweereiheeiiteBciptdy bded Wakdh
plural spherical 10 connecting electrodes (joint balls) 2 is described.

The present thwssnhiconducongiementBt ed thereto, and a case where plural
spherical connecting electrodes 2 are previously provided on a printed

circuit board | nHheahsterifle andpimy do: calhofithe phnredimnil oaed defhght of the
resin sealing layer 4 nade of the thernpbsetting resin conposition are

appropri at el yosedcting cdetayddatemdwht bemifvendizter eltment 31 fred fenrcopdnehoy
el ement 3 to be nounted and the size of the spherical connecting el ectrodes
2 provigled ofiot dsRhsmmbamia chosaret estnise dosuribled fohthe First Embodiment.
As described above, the semiconductor device using the above-mentioned
thermosetting resin composition is manufactured by inserting a liquid
thermosetting resin composition between a printed circuit board and 2
semiconductor element, and forming a sealing resin layer. One example of an
15 embodiment for the process for manufacturing a semiconductor device of the
present invention will be sequentially explained on the basis of the drawings.
First, as shown in Figure 4, a liquid thermosetting resin composition 7 of
the present invention is potted on a printed circuit board 1. Next, as shown in
Figure 5, a semiconductor element 3 provided with plural spherical connecting
20 electrodes (joint balls) 2 is mounted on given positions on a thermosetting resin
composition 7. The semiconductor element 3 is pressed, and the connecting
electrodes 2 of the semiconductor element 3 push out the liquid thermosetting
resin composition 7, so that the printed circuit board 1 is contacted with the

connecting electrodes 2, and that an air gap formed between the semiconductor

25 element 3 and the printed circuit board 1 is filled with a liquid thermosetting



vol une occupied by a sealing resin layer 4 formed by filling and sealing an
air gap forned between the sem conductor elenent 3 and the printed circuit
board 1. 20 [Fourth Enbodi nent] A fourth enbodi nent of the present
invention relates to a thernosetting regyn conposition conprising: (A) an
epoxy resin having at |east two epoxy groups in its nolecule, (B) a curing
agent, 25 (C a conpound having the general formula (1) or (2), and 35 (D)
a mcrocapsul ated curing accel erator conprising a core portion conprising

a curing accedsef ab@bosi@iof. Theletthl BHIIhOR cfaeﬁéaasuﬁfy Siddrdeflowe and fligen core
portion, the shell portion conprising a polymer having a structural unit

represented e feli ifs‘%h}é&’\ﬂo%a%@%haéa f, e fording §seﬂ(d§5ks1§@awr95) In (3)

wherein each of R5 and R6 is ydrogen atom’or a nonoval ent organi c group,

wherein RS afgls etHEd, thE soldeiefa) mefhddl thh b A honWig AbMobNRIA IR 11 Ng

resin conposition has a reaction exot hermc peak of © 10 180 to 250C with a
programm ng f@hﬁc@forja%rﬂirgg in@tkﬂnd%ﬁxhﬁéﬁéﬁub%“p with Ainig acﬁhﬁr\kri’fﬁthrehﬁng

determ nation. As 'the epoxy resin of the corrponent A used I n the

above- rgnti ogggl soleGﬁhg'aﬁﬁtnRélﬁﬁ ﬁ%hﬂ&r ﬁeﬁﬂﬁstbta' t@ﬁh e?a!ﬂureQi‘f e&h@?t‘% ckl%ﬁ né at
| east two epoxy group In 1ts nolecule can be u ed w t ho partlc larly

limtation. #he tﬁ@%édtiflgﬁb&t b2 thd WIS As AQEribESHBEVES the s ARl ctdy €POXY

resins; bisphenol F epoXy resins: novolak epoxy resins such as phenol
novol ak epoxYevies a8 ShApd xﬁFﬁﬁﬁé IWQﬁﬁhﬁl‘acttﬁﬁéxy resins; alicyclic epoxy

resins; nitrogen-containing cyclic epoxy resins
In the process for manufacturing the semiconductor device mentioned
above, a case where a semiconductor element 3 provided with plural spherical
10 connecting electrodes (joint balls) 2 is described. The present invention is not
limited thereto, and a case where plural spherical connecting electrodes 2 are
previously provided on a printed circuit board 1 may also be employed.
The thickness and the weight of the resin sealing layer 4 made of the
thermosetting resin composition are appropriately set in accordance with the size
15 of the semiconductor element 3 to be mounted and the size of the spherical
connecting electrodes 2 provided on the semiconductor element, namely the

volume occupied by a sealing resin layer 4 formed by filling and sealing an air gap

formed between the semiconductor element 3 and the printed circuit board 1.

20 [Fourth Embodiment]
A fourth embodiment of the present invention relates to a thermosetting
resin composition comprising:
(A) an epoxy resin having at least two epoxy groups in its molecule,
(B) acuring agent,

25 (C) acompound having the general formula (1) or (2), and



such as triglycidyl isocyanurate and hydantoi c epoxy resins; hydrogenated
bi sphenol A epoxy resins; aliphatic epoxy resins; glycidyl ether epoxy
resins; 20 bisphenol S epoxy resins; biphenyl epoxy resins fromwhich | ow
wat er supply rate cured products are nai3fly prepared, epoxy resins

contai ning dicyclo-ring; naphthalenic epoxy resins; and the |ike. These
epoxy resins can be used alone or in adm xture of two or nore kinds. Anong
t hese epoxy resins, bisphenol A epoxy resins, bisphenol F epoxy 25 resins,
napht hal eni ¢ {E)oxe mazocapsulatédogiringaceplexator emipdsiagd dord postmndy! 36

i socyanurate, which are alone liquid at roomtenperature, are nore
preferably weetprisiiea sbhing aceidntmmeshdpshell pation foayeds sotd chvar the qui d at
an anbient tenperature. It is preferable that the epoxy resin generally
has an epoxy cBreportion, thecshelfpoktimmc&fiptising@0tbighenhavifig arstriubairgl emipoi nt s of
t he nechanical strength of the cured product of the thernosetting resin
conposi tion aepreséreed bgithe following kenglabfantula(®i ti on tenperature. In
addition, in the case where the epoxy resinis solid, it is preferable
that the epoxy resiNM(RIpCE-N@Yeni ng point of from50 tq3)60C, fromthe

vi ewpoi nt of the tenperature range for maintaining 10 the | atent property
of the latent curing accelerator. The curing agent of the conponent (B) is
not particularly limted, and various curing agents can be used, as |ong
as they act azsheneinwaichgaféﬁmmtiRushyﬂmgeabmmmnnomdbmmgwwgsomp, As the
curing agent for the above-nentioned epoxy resin, a phenolic curing agent
i s general | y wiswelin Rhand/AF imaysbeoitemticat or differéht, agent s such as acid

anhydri de-based curing agents, am nes and conmpounds havi ng benzoxazi ne
ring can al swhmremsthed thethesettingrresig caggposiiondms beeactgh exothermic peak of

10 180° to 250°C with a programming rate of 10°C/min in a differential scanning
calorimetric determination.

As the epoxy resin of the component (A) used in the above-mentioned
thermosetting resin composition, any of those having at least two epoxy groups
in its molecule can be used without particularly limitation. The epoxy resin

15 includes, for instance, bisphenol A epoxy resins; bisphenol ¥ epoxy resins;
novolak epoxy resins such as phenol novolak epoxy resins and cresol novolak
epoxy resins; alicyclic epoxy resins; nitrogen-containing cyclic epoxy resins
such as triglycidyl isocyanurate and hydantoic epoxy resins; hydrogenated
bisphenol A epoxy resins; aliphatic epoxy resins; glycidyl ether epoxy resins;

20 bisphenol S epoxy resins; biphenyl epoxy resins from which low water supply
rate cured products are mainly prepared, epoxy resins containing dicyclo-ring;
naphthalenic epoxy resins; and the like. These epoxy resins can be used alone or
in admixture of two or more kinds.

Among these epoxy resins, bisphenol A epoxy resins, bisphenol F epoxy

25 resins, naphthalenic epoxy resins, alicyclic epoxy resins and triglycidyl



alone or in adm xture of two or nore kinds. The phenolic curing agent
I ncl udes, for instance, cresol novol ak resin, phenol novol ak resins,
phenol i c resins containing dicyclopentadiene-ring, phenol 20 aralkyl
resins, naphthol, and the |ike. These ph&golic curing agents can be used
alone or in adm xture of two or nore kinds. The m xing ratio of the epoxy
resin to the phenolic curing agent is such that reactive hydroxyl group in
t he phenolic curing agent is preferably from0.5 to 1.5 equivalent, nore
pref erabl y 0jisbcyendrate, sdhicly ateealone liguid @t eomm tempéranure,cire nire gpebeyatdy oup i n
t he epoxy resin, fromthe viewpoints of the thernosetting 37 property, the
heat resistamsed. and the noisture tolerance reliability. As to those cases
where a curing agent other than the phenolic curing agent is used, the
m xing ratio i s adjhesbede-nerioned dpoxerasitt imay e solidion dignit atan(@gbientl ent
ratio) of the case where the phenolic curing agent is used. 5 The
ni cr ocapsul at&dpenatirag ltds pedferabiothaothetdppxgaesinigendrallPhasiagdpoxy t he
above-nentioned thernosetting resin conposition is a mcrocapsul ated
curi ng Riccel egaivatenox\of firpna 96 ¢o 4080 gfdg..Sromcheiviewpointabf die meclandcglor ti on
conprising any of various curing accelerators is coated with a shell
portion conptresgthepfaheotnedeproduwt ofitheathstmosettingtesimedmpegitiers end €t by t he
general formula 10 (3): -N(R5)--CONR6)- (3) wherein each of R5 and R6
i s hydrogen abotrobef the mhass vansiiondegperaturgr dupdditiohgeinghea ci¥e whereRBemay be
Identical to or different fromeach other. 15 Anong the above
m cr ocapsul aepdxy msimip satideltds ptederablettheisthe iepoxhiasin bas ®safténing peimtwd gr oup
existing in the shell portion is blocked are preferable.

from 50° to 160°C, from the viewpoint of the temperature range for maintaining

10 the latent property of the latent curing accelerator.

The curing agent of the component (B) is not particularly limited, and
various curing agents can be used, as long as they act as a curing agent for the
above-mentioned epoxy resin. As the curing agent for the above-mentioned
epoxy resin, a phenolic curing agent is generally used, and various other curing

15 agents such as acid anhydride-based curing agents, amines and compounds
having benzoxazine ring can also be used. These curing agents can be used
alone or in admixture of two or more kinds.

The phenolic curing agent includes, for instance, cresol novolak resin,
phenol novolak resins, phenolic resins containing dicyclopentadiene-ring, phenol

20 aralkyl resins, naphthol, and the like. These phenolic curing agents can be used
alone or in admixture of two or more kinds.

The mixing ratio of the epoxy resin to the phenolic curing agent is such
that reactive hydroxyl group in the phenolic curing agent is preferably from 0.5
to 1.5 equivalent, more preferably 0,7 to 1.2 equivalent, per one equivalent of

25 epoxy group in the epoxy resin, from the viewpoints of the thermosetting



In addition, in the thernosetting resin conposition conprising the above-
menti oned m crocapsul ated curing accelerator, the shell portion serves to
cut off a physical contact between the core portion and the curing agent,
so that the 20 gelation of the thernosettiymg resin conposition is
suppressed in the soldering step, thereby giving excellent solderability.
In addition, there are sone advantages that undesired curing of the

t hernosetting resin conposition which nay be caused during storage or the
| i ke can be pmyEryssletheaoedistatce, hed dpemalstere tolerancbecliatilkityc ohis anthese | y
very long, and that the thernosetting resin 25 conposition has excellent

storage st abchsesywhei8 a duninghageabether thantthe pheholicoumgapehpisaded wheng
accelerator, the curing accelerator which Is incorporated as a core portion
i's not parti exikirg satibiiratiggieddndccadyned withnkeniixingabtio (emivdentatiyefl, as
|l ong as the curing accelerator has an action for accelerating the curing

reaction. I nthd¢secnlsae thdpisenotidrouriggagend igrustdirs 5 which are liquid at
roomtenperature are preferable, fromthe viewoints of the workability

during §he prepar dheanicodcapbelattidompimgpsutiettanst thbeomponentt (Dhsused it he
resulting mcrocapsules. Here, the phrase "liquid at room tenperature"”

enconpasses tiaf alveymehtistedihergodetngetosimepragesifien atpmidroegisuldted | i qui d at
room tenperature (25C) but al so those where the curing accelerator, which

may be 10 sotufingbccdlommdranpaigs voe-shiell stroeneel inmidckalcoggipeitioy di ssol vi ng
or dispersing in an optional organic solvent or the like. The curing

accel erat or comgtisingt amygof Vigictercaring kteelerators lisickesed ith a shetlgeton tertiary
am nes such as 1, 8-di aza-bicycl o[ 5. 4. 0] undecene-7, triethyl enediam ne, and

tri-2,1,6-di sempylay aponiey hahimga struotidbanit espresenteddsy e general formula
2-ethyl -4-nmethyli m dazol e and 2-net hyli m dazol e; phosphorus-cont ai ni ng
10 3y

~N(R*)~CO-N(R%)- (3)

wherein each of R and R® is hydrogen atom or a monovalent organic group,
wherein R’ and R® may be identical to or different from each other.

15 Among the above microcapsulated curing accelerators, those in which a reactive
amino group existing in the shell portion is blocked are preferable.

In addition, in the thermosetting resin composition comprising the above-

mentioned microcapsulated curing accelerator, the shell portion serves to cut off
a physical contact between the core portion and the curing agent, so that the

20 gelation of the thermosetting resin composition is suppressed in the soldering
step, thereby giving excellent solderability. In addition, there are some
advantages that undesired curing of the thermosetting resin composition which
may be caused during storage or the like can be suppressed, so that the operable
time becomes consequently very long, and that the thermosetting resin

25 composition has excellent storage stability.



conmpounds such as tri phenyl phosphi ne,

t et raphenyl phosphoni unt et r aphenyl borate, and

t etra- n- butyl phosphoni um o, o- di et hyl phosphor odi t hi oat e; quat ernary ammoni um
salts; organonetallic salts; and derivati38es thereof. These curing

accel erators 20 can be used alone or in adm xture of two or nore kinds.
Among them the above-nentioned im dazol e conpounds and organophosphor us
conpounds are especially preferably used, fromthe viewpoi nts of easiness
in the preparati ofn tife abole-mentiomgd agicaicapsitisted curingianceleratdrg thecaping es and
easiness in handling. The polyner having a structural unit represented by

t he above- neatdeberetbr vitich éniecatpotatedras a cO8) pérsionlis adtrpsdtitylarly dimiteds tasdc e,
poly-addition reaction of a 39 polyisocyanate with a pol yam ne.

Al t er nat i vel gny oficopainyioeal éresahb bemsed,ag lang eethetduoingaiccelemddyhasoary anat e
with water. The above-nentioned pol yi socyanate may be any conpound, as |ong
as it has tection formceelembingahaterigg mapsonnln ties casepthoke cung acetieraboranpl es
of the 5 polyisocyanate include diisocyanates such as m phenyl ene

di i socylanat ewhigh aiediguic atrodin sompaatareareréferaily,) feomm the vesqainatof,the
2,6-tolylene diisocyanate, naphthal ene-1, 4-diisocyanate,

di phenyl net hawoekahility diirimpidy queparatiorBoBthednivetdapsylesiadd tisi propenties of the

di i socyanate, 3, 3'-dinethyldi phenyl net hane-4, 4' -dii socyanat e,

xyl yl ene- 1, 4radultigrmaoratcapsull. Hete,-tHe pheasy I“igoidaai eockni tempyrataes,

trinmethyl ene diisocyanate, hexanethylene diisocyanate,

propyl ene- 1, eactimpassysanaitanly thasy ivérese thesutingsancyplenatoritself is liquid at room

cycl ohexyl ene- 1, 2-di i socyanate, and cycl ohexyl ene-1, 4-di i socyanat e;

trii socyanat temparatura s Q) dny kisoehabici veludrhitie guanieg accelerator, which may be

xyl yl ene-1, 4-di i sot hi ocyanate, and ethylidyne diisothi ocyanate;

t et r ai bocyanselébat room temperature, is formed into a liquid by dissolving or dispersing in

an optional organic solvent or the like.

The curing accelerator constituting the core portion includes, for instance,
tertiary amines such as 1,8-diaza-bicyclo[5.4.0]Jundecene-7, tricthylenediamine,
and tri~2,1,6-dimethylamin0methylphencsl.; imidazoles such as

15 2-ethyl-4-methylimidazole and 2-methylimidazole; phosphorus-containing
compounds such as triphenylphosphine,
tetraphenylphosphoniumtetraphenylborate, and
tetra-n-butylphosphonium-o,0-diethylphosphorodithioate; quaternary ammonium
salts; organometallic salts; and derivatives thereof. These curing accelerators

20 can be used alone or in admixture of two or more kinds. Among them, the
above-mentioned imidazole compounds and organophosphorus compounds are
especially preferably used, from the viewpoints of easiness in the preparation of
the curing accelerator—containing microcapsules and easiness in handling.

The polymer having a structural unit represented by the above-mentioned

25 general formula (3) is obtained by, for instance, poly-addition reaction of a



15 such as 4, 4'-di net hyl di phenyl net hane-2,2',5,5"' -tetrai socyanat e;

| socyanate prepolyners such as an adduct of 2, 4-hexanethyl ene diisocyanate
and Brenzcatechol, an adduct of tolylene diisocyanate and hexanetriol, an
adduct of tolylene diisocyanate and tringghyl ol propane, an adduct of

xylyl ene diisocyanate and trinethylol propane, an adduct of hexanet hyl ene
di i socyanate and 20 trinethyl ol propane, and triners of aliphatic

pol yi socyanates, such as triphenyldi methylene triisocyanate,

t et raphenyl t rpolyisopyamee nethr apslyamineat Alternatinglgpthepol yratr Brobtdined be a

pent ai socyanate, |ysine isocyanate, and hexanethylene diisocyanate, and
the |ike. Thesecior 9f s poljasutyanateavittbwatesed al one or in admixture of two
or nore kinds. 25 Anpbng the above-nentioned pol yi socyanates, any of the
trivalent 40 i soc’l]mabcwqempﬁbm(ﬂyisebmwmﬁyMah?l&:oﬁfﬂﬂlmﬂ, & longlagliene

di i socyanate and trinethyl ol propane or the adduct of xylylene diisocyanate
and trimet hyhasltproopamers Sopyazher gibhips isedmolecate. t enorerveaiples of thehe
filmformng property during the preparation of the mcrocapsul e and the
nmechani 6al stpaipigbbyarfatd imchidi diisooyartatdspinen uk @H-R‘E&d}&étﬁaﬁiﬁoﬁzyémgl anate can
be al so used as a preferable polyisocyanate. The pol yanm ne to be reacted

with the abovephemylennddsqyayatepzyaobiiene ditpchenan)2, costplnediisbayarats t wo
or nore amno groups in its nolecule. Concrete exanples of the polyan ne

i ncl ude di et hydphttetieneabjdndiisotanate,aiphdnshettianedi4iediisocyanate,

tetraet hyl enepent am ne, 1, 6- hexanet hyl enedi am ne,

1, 8- oct anet hy3,3hdinethore-4,4’-Hipheipd eldizoeyamgtecnedi ani ne, o- phenyl enedi ani ne,
m phenyl enedi am ne, p-phenyl enedi am ne, o-xyl yl enedi am ne,

m xyl yl enedi & hdimgthyldiphenybmiethaned,4’ rdiisobpareats, 2yl ylene-1,4-diisocyanate,

10 4,4’-diphenylpropane diisocyanate, trimethylene diisocyanate, hexamethylene
diisocyanate, propylene-1,2-diisocyanate, butylene-1,2-diisocyanate,
cyclohexylene-1,2-diisocyanate, and cyclohexylene-1,4-diisocyanate;
trilsocyanates such as p-phenylene diisothiocyanate,
xylylene-1,4-diisothiocyanate, and ethylidyne diisothiocyanate; tetraisocyanates

15 such as 4,4’-dimethyldiphenylmethane-2,2’,5,5 -tetraisocyanate; isocyanate
prepolymers such as an adduct of 2,4-hexamethylene diisocyanate and
Brenzcatechol, an adduct of tolylene diisocyanate and hexanetriol, an adduct of
tolylene diisocyanate and trimethylolpropane, an adduct of xylylene diisocyanate
and trimethylolpropane, an adduct of hexamethylene diisocyanate and

20 trimethylolpropane, and trimers of aliphatic polyisocyanates, such as
triphenyldimethylene triisocyanate, tetraphenyltrimethylene tetraisocyanate,
pentaphenyltetramethylene pentaisocyanate, lysine isocyanate, and
hexamethylene diisocyanate, and the like. These polyisocyanates can be used

alone or in admixture of two or more kinds.

25 Among the above-mentioned polyisocyanates, any of the trivalent



bi s(4- am no- 3- net hyl cycl ohexyl ) net hane, i sophoronedi am ne, 15

1, 3-di am nocycl ohexane, spiro-acetal-based diam nes, and the |ike. These
pol yam nes can be used alone or in adm xture of two or nore kinds. In
addition, in the reaction of the above-ngpti oned pol yi socyanate with

water, first, an amne is fornmed by hydrolysis of a polyisocyanate, and the
resulting amne is reacted with unreacted i socyanate group (so-called "self
20 poly-addition reaction"), thereby form ng a pol yner having a structural

uni t represiotyhaty ptepelygedre selectedfroth shd &Jdureof tolplede diisveyanbterder, the
pol ynmer capable of form ng the above-nentioned shell portion includes, for

i nstance, a pohsthykiiprpendot sheridupr ehaylgdné diisoeyanpelandydri ¢ al cohol
together with the above-nenti oned pol yi socyanate to 25 incorporate a urea

bond in the simethylolptopund is préferablhesgd| fyduidhe oiewpodielof nieyfilbe-fatmbipat i c,
aromatic or alicyclic. The polyhydric al cohol includes, for instance,

catechol, r ep@g@ft?@uring the preparation of the microcapsule and the mechanical strength.
1, 2- di hydr oxy- 4- net hyl benzene, 1, 3- di hydr oxy- 5- net hyl benzene,

3, 4- di Isydr oxptr dddigdyibaexEdRnet Bylendl tiisopyitd camtidwibd asstenen pleferable
2, 4- di hydr oxyet hyl benzene, 1, 3- napht hal enedi ol , 1, 5- napht hal enedi ol ,

2, 7- napht hal gslgttoeyanate.3- napht hal enedi ol , o, (c)' -bi phenol, pp'-bi phenol,
bi sphenol A, bi s(2-hydroxyphenyl) nmet hane, xylyl enediol, ethylene glycol,

1, 3-propyl ene gl yThe polyathibeliy/benacgidweith thelaoveantmieridolyidodyranaranedi ol |
1, 7- hept anedi ol , 1,8-octanediol, 1,1, 1-trinethylol propane, hexanetriol, 10

B Conol & can B0 Ueua ALene or i hadmoAt iy e ol b mare i nds,  Concr et e
exanmpl es of Bbnastt dXangilesd bEthepoiraninstinclods dpeindemdtribmimyl a
10 triethylenetetramine, tetraethylenepentamine, 1,6-hexamethylenediamine,
1,8-octamethylenediamine, 1,12-dodecamethylenediamine, o-phenylenediamine,
m-phenylenediamine, p-phenylenediamine, o-xylylenediamine,
m-xylylenediamine, p-xylylenediamine, menthanediamine,
bis(4-amino-3-methylcyclohexyl)methane, isophoronediamine,
15 1,3-diaminocyclohexane, spiro-acetal-based diamines, and the like. These
polyamines can be used alone or in admixture of two or more kinds.

In addition, in the reaction of the above-mentioned polyisocyanate with
water, first, an amine is formed by hydrolysis of a polyisocyanate, and the
resulting amine is reacted with unreacted isocyanate group (so-called “self

20 poly-addition reaction”), thereby forming a polymer having a structural unit
represented by the general formula (3) mentioned above.

Further, the polymer capable of forming the above-mentioned shell
portion includes, for instance, a polyurethane-polyurea prepared from a

polyhydric alcohol together with the above-mentioned polyisocyanate to

25 incorporate a urea bond in the structural unit.



(3) include, for instance, hydrogen atom a nonoval ent organi c group, such
as an ‘al kyl group having 1 to 3 carbon atons and an aryl group; and the
like. 15 In addition, the shell portion may contain, in addition to the

pol ymer having the structural unit repregented by the above-nentioned
general formula (3), a polyner having a urethane bond, a thernoplastic
polymer, or the |ike. The polynmer having the structural unit represented by
t he above- nentioned general fornula (3) is contained in the shell portion

in an amount of  ZthesiRYE MchhdlhaAPbé alipiRlis Ronticitalicyelie wheferably
from60 to 100% by weight. The above-nentioned m crocapsulated curing

accel erat or ij%'lyfgfﬂrfé:r A6 AdnclBies, F&insrataRaRchb O ésaYiNG, t he three-step
process described below. 25 [First Step] 42 A core conponent curing

accel er ator 13 dilipRbypd-PetHyinSl¥ndi1SRANRRbLNSAnBaYWeaRgKaNat e, which is
a raw material for the shell “portion fo férman oil phase. Next, an QW

type (ol phasemiabxpllaneryIRakeRIN SUOY xRl ARk 9fbelsendd sper sing the

above-nentionéd ol phase ina oil drép formin ah aqueous 5 nedi um

(wat er phase); LBk péhfAbehsR! 8B phiRMAddIalr 1,55upnanuartioy a
pol yam ne is added to the water phase’of the above-nentioned thype

emul si on to be7ghsrmhlidddiol B3 ahyhGalenkidg Ob LbRpkiolRH S b gaction by
the interfacial %ol yneri Izati oﬁﬂgf t he pfg?'yam n@ﬁm?ﬁ‘gghei%%lnyi socyanate in

the oil pha EANBis Y- ahY tlyprese MRS bsiion is
heat ed, so tﬁ)z%ptlllégbt héBpS&??sfaoé(tyygﬁ%@gﬁ?{ﬁh?ﬂﬁ% c})'i%ly1 phasé fmé(, r(g?g?e%’with

s 1 LR W, e s SR ARAn Sttt
reaction. As 1??%6&39@&0@,@8%&@35?0@}19!?,@Q?M&hﬁ%iﬁiﬁbaﬁie?ﬁexanetriol,
10 pentaerythritol, glycerol, sorbitol, and the like. These polyhydric alcohols can be
used alone or in admixture of two or more kinds.
Concrete examples of R’ and R® of the above-mentioned general formula
(3) include, for instance, hydrogen atom; a monovalent organic group, such as an
alkyl group having 1 to 3 carbon atoms and an aryl group; and the like.
15 In addition, the shell portion may contain, in addition to the polymer
having the structural unit represented by the above-mentioned general formula
(3),a polymér having a urethane bond, a thermoplastic polymer, or the like.
The polymer having the structural unit represented by the above-
mentioned general formula (3) is contained in the shell portion in an amount of
20 preferably from 40 to 100% by weight, more preferably from 60 to 100% by
weight.

The above-mentioned microcapsulated curing accelerator can be prepared

by, for instance, following the three-step process described below.

25 [First Step]



a polyurea polyner, preferably a polyurea having a structural unit
represented by the above-nentioned general fornmula (3) in its nolecule as
a shell portion is 15 prepared, and a |iquid dispersing the m crocapsul at ed
curing accelerator is obtained. On the ofpher hand, when the core conponent
I's prepared by dissolving a solid curing accelerator in an organic
solvent, an S/IO W (solid phase/oil phase/water phase) enmulsion is
prepared. In addition, this enulsion type is a 20 case where the curing

accel erator is |i pppiel dotnpdnentceifeactabigtor rdissolvatlor figeleldvpated in
hydrophilic, the above-nentioned enmulsion type is less likely to be

prepared. In g@!ﬁ&@aﬂ@@@wh@db 18/a0aGombtepia iR/ B bhel neo b3 en ofbhpiRser an
S/ O (solid phase/oil phase/oil phase) enul sion type can be prepared by

adj usting it NexsoarlO/W type (6 @hadepwhtet 9hés%q'y?é) ARklvivRIis Eed;ia@en bRy be
carried out therewth. he organi c solvent used in this case is not

particul arly didperdigg thedgbdvengemson®d oil plgisei@anilcdrdpley &tim rfan hqbotsat room
tenperature, and those organic solvents which do not dissolve the shell

portions nust nalisel @eit@tbhaCo edRiifing a dlpasibanitdbilisal Sbkedieatiyas et hyl
acetate, nmethyl ethyl ketone, acetone, nethylene chloride, xylene, toluene

or tetrahydr @blaafine 3§ addedool thé wakerathabheNtheoadbbye-piditidac U W type
di al kyl napht hal’ene can be used. [Second Step] A blocking agent is added to

the di spersi @mﬂéiomtﬁb@méwca,smm?’ aeditgout fiflyfadiRionSkee@iord By thessol ve or
di sperse the bl ocking agent in th ispersgllon.musjri ng 10 thi ss}étep, it is

i SperSi on SUA 11 cer ane Lhe by oac el amne. 1n (he vr br prace o The
di spersi on ofphate;r Qtantively, e Soeb-MEaithed O/ Nypd diigiaionds heated, so that
10 the polyisocyanate in the oil phase is reacted with water at the interface with the
water phase to form an amine, and subsequently the resulting amine is subjected
to a self poly-addition reaction. As described above, a microcapsule comprising
a polyurea polymer, preferably a polyurea having a structural unit represented by
the above-mentioned general formula (3) in its molecule as a shell portion is
15 prepared, and a liquid dispersing the microcapsulated curing accelerator is
obtained.
On the other hand, when the core component is prepared by dissolving a
solid curing accelerator in an organic solvent, an S/O/W (solid phase/oil
phase/water phase) emulsion is prepared. In addition, this emulsion type is a
20 case where the curing accelerator is lipophilic. In a case where the curing
accelerator is hydrophilic, the above-mentioned emulsion type is less likely to be
prepared. In such a case, an O/O (oil phase/oil phase) emulsion type or an S/0/O
(solid phase/oil phase/oil phase) emulsion type can be prepared by adjusting its
solubility, and the interfacial polymerization may be carried out therewith.

25 The organic solvent used in this case is not particularly limited, as long as



[Third Step] 15 The di spersion of the m crocapsul es of which am no groups
are blocked wth the blocking agent in the second step is subjected to
such a treatnent as centrifugation or filtration to renove an excess

bl ocki ng agent, and thereafter dried, thgreby gi.ving a powdery

m crocapsul ated curing agent. In the above-nentioned first step, the

di spersion stabilizer to be added to 20 the aqueous nedium (water phase)
i ncl udes wat er-sol ubl e pol yners such as pol yvinyl alcohols and

hydr oxynet hylthe etdaniosdyestis figaidattrsomuempamtas] amd thoss ordaads solvents noni oni ¢
surfactants and cationic surfactants; and the like. In addition,

hydrophi li ¢ iwidchdoinmt didsbbicdhe skslbsértioaesuss belekstedo | Carictietelys ah ioggardad

m neral clays; and the like can be also used. It is preferable that the

amount of 25 shhesestilsgestivioatesitamethzbethyl ketank, ustotef @ethylereachléidd)y
wei ght in the water phase. 44 The bl ocking agent to be used in the

above- nent i ongteree esinehessreetrabydrofurpay dr eidibsdch dsi phiehglkyl wsthanpgnds t he
bl ocki ng agent is a conpound ichis reactive with am no group. The

bl ocki ng agenlialkpiapithalenk@anibeafsefice, conpounds capable of formng a

coval ent bond by the reaction with am no group, 5 such as epoxy conpounds,
al dehyde conpounds, acid anhydrides, ester conpounds, and isocyanate
conpounds. The bl ocki ng agent may further include acidic conpounds capable
of form ng a[Sé&tdndBtepputral reaction with amno group, such as organic
carboxylic acids such as acetic acid, formc acid, lactic acid, and

succi ni c acid; orgablocking dgent (s akled3o shecdisgasipniofiniereapbiflenobtadeiddn 10
2- napht hal enesul foni ¢ aci d, and dodecyl benzenesul foni ¢ aci d; phenolic

conpounds; i nigg fianistepacd dissslue br dspbgeithe bBlockingpipeapinothe dispetsdon.nDuring

acid, nitrous acid, and hydrochloric acid; solid substances having acidic

sur face® suchhis step, it is effective to add the above-mentioned blocking agent after once
removing the dispersion stabilizer and the unreacted amine in the water phase of

the dispersion of microcapsules by such means as centrifugation.

{Third Step]

15 The dispersion of the microcapsules of which amino groups are blocked
with the blocking agent in the second step is subjected to such a treatment as
centrifugation or filtration to remove an excess blocking agent, and thereafter
dried, thereby giving a powdery microcapsulated curing agent.

In the above-mentioned first step, the dispersion stabilizer to be added to

20 the aqueous medium (water phase) includes water-soluble polymers such as
polyvinyl alcohols and hydroxymethyl cellulose; surfactants such as anionic
surfactants, nonionic surfactants and cationic surfactants; and the like. In
addition, hydrophilic inorganic colloidal substances such as colloidal silica and
mineral clays; and the like can be also used. It is preferable that the amount of

25 these dispersion stabilizers is adjusted to 0.1 to 10% by weight in the water phase.



as silica and Aerozil; and the |like. Anmong these conpounds, the above-
ment i oned aci di ¢ conpounds are preferably used as a conpound effectively 15
bl ocki ng ami no group existing on the surface of the shell portion and in
the internal of the shell portion, and fgrmc acid and organic sul fonic
acids are especially preferably used. The above-nenti oned bl ocki ng agent
Is added in an equi nolar anmount to the am no groups existing on the
surface of the shell portion and in the internal 20 of the shell portion.

Practical | y speakilthg blockiag agest,tofberused it thecdovehnemtidred sacond stepd@mound i s
used as a bl ocki ng agent, the bl ocking agent can be added by a nethod
conpri si ng agditiglaty Hmigdc aslongtaantebloaking apeadioonepotmd whiblsiger si on

i medi ately after the preparation of mcrocapsules (imrediately after
interfacial restiyoevitlz atisngroupd Tietblogkinpagpht iatludbs, for seargepn from basic
to acidic, 25 preferably to a pHof 2 to 5; and thereafter renoving an

excess aci di coppopadndaptble by et reavdemsbariby iHeugattiomnwith abtinbreabipn.
In addition, in the second step, a technique of renobving unreacted free

am nes ®r negelphd Epouy c@spouials, sldeRpdeasompeun, &1 layhydriddsgestesper si on of
m crocapsul es on an acidic cationic exchange resin colum can be enpl oyed.

5 The aver ageopmotindd, andiigscyahatehenipoauts.i The blovkbgagsont ataydfuether htlude

accelerator is not particularly limted. For instance, it is preferable

that the avetdgecepmpbindscapable dfsfoﬁding&i st by neutraingectivn Withrindin0 Eroap,
500, um nore preferably fromO0.1 to 30 ,um fromthe viewpoi nt of

honogeneous dudpay siganid ¢arboxyliveacddoqehak actidc adidy formiatcidpbdtic acid, and
m crocapsul ated curing accelerator is 10 preferably spherical, fromthe
vi ewpoi nt of sd¢cipierazidyidriinic shifonicheidivapk aspytoheenesdifanit beid, | n t he case
where the shape of the mcrocapsules is not spherical and
10 2-naphthalenesulfonic acid, and dodecylbenzenesulfonic acid; phenolic
compounds; inorganic acids such as boric acid, phosphoric acid, nitric acid,
nitrous acid, and hydrochloric acid; solid substances having acidic surfaces such
as silica and Aerozil; and the like. Among these compounds, the above-
mentioned acidic compounds are preferably used as a compound effectively
15 blocking amino group existing on the surface of the shell portion and in the
internal of the shell portion, and formic acid and organic sulfonic acids are
especially preferably used.
The above-mentioned blocking agent is added in an equimolar amount to
the amino groups existing on the surface of the shell portion and in the internal
20 of the shell portion. Practically speaking, in a case, for instance, where the acidic
compound is used as a blocking agent, the blocking agent can be added by a
method comprising adding an acidic substance (acidic compound) to a dispersion
immediately after the preparation of microcapsules (immediately after interfacial

polymerization); adjusting the pH of the dispersion from basic to acidic,

25 ‘preferably to a pH of 2 to 5; and thereafter removing an excess acidic compound



one of which particle size is not evenly determined as in the case of
elliptic or oblate, a sinple average value of its |ongest dianeter and
shortest dianeter is defined as an average particle size. 15 Further, in

t he above-nenti oned m crocapsul ated curingg accel erator, the anount of the
curing accelerator incorporated is adjusted to preferably from5 to 80% by
wei ght of the entire anmount of the m crocapsule, especially preferably
adjusted to 10 to 60% by weight, fromthe viewpoints of the reactivity in

the curing resichancarishs deanifagition of filtlagiogor e portion, and the mechani cal
strength. 20 I'n addition, the ratio of the thickness of the shell portion

to the particle dhzddafod hetirbreend®sp) Dreklni '@bﬁmﬂh?hﬂﬁba@twiﬂﬂ@
accelerator is preferably adjusted to 3 to 25% especially preferably

adj usted to SuhigeRbPmedtialiBiid fesidiabi@@ioéroaps bhep thieGidpegdiogagt h. The
formul ati on amobunt of the mcrocapsul ated curing accelerator of the 25

conponent  ( D)micRoddpSulieh ehmm@eridit R8ti6H8 eRcIFP 98dih cOMmBYarE: SnmpRSkedY
selected 46 in aratio so as to give a desired curing rate, fromthe

vi ewpoi pt s of t he THe dvegage PericletsiR ¢fthe edsalidgl microddpdulabidl agfigsi veness of
the thernosetting resin <conposition. For instance, as an index of the

curing rate, debéleait®URinot pedicuditlPRmite@adiot st iMisNneferB1b thraps!ri ng the
gelation time on a hot plate. CGenerally, 5 the fornmulation anount of the

m crocapsul atgdrdpddaficiacie!ie hafustedits a&dh%kﬁéieﬂom(l).os) td 500 u4f) migret s by
wei ght, based on 100 parts by weight of the curing agent, especially

preferably 1 grefe?dblpdrdes Obyto/80 gh, frovhete &ibwﬁém 6E héinb@en v dpesdibilithie
m crocapsul ated curing accelerator is less than 0.1 parts by weight, the

curing rate T shape of v alsovetiahtidded mistoda@silarsd daeiggneseieanar isand t hat
the glass 10 transition tenperature of the cured product of the
t her noget t i ngrefesably spherical, from the viewpoint of dispersibility, but the shape may be
elliptic. In the case where the shape of the microcapsules is not spherical and
one of which particle size is not evenly determined as in the case of elliptic or
oblate, a simple average value of its longest diameter and shortest diameter is
defined as an average particle size.
15 Further, in the above-mentioned microcapsulated curing accelerator, the
amount of the curing accelerator incorporated is adjusted to preferably from 5 to
80% by weight of the entire amount of the microcapsule, especially preferably
adjusted to 10 to 60% by weight, from the viewpoints of the reactivity in the
curing reaction, the isolation of the core portion, and the mechanical strength.
20 In addition, the ratio of the thickness of the shell portion to the particle
size of the above-mentioned microcapsulated curing accelerator is preferably
adjusted to 3 to 25%, especially preferably adjusted to 5 to 25%, from the
viewpoint of the mechanical strength.
The formulation amount of the microcapsulated curing accelerator of the

25 component {D) in the thermosetting resin composition may be properly selected



conposition is drastically |owered, thereby risking inpaired reliability of
the electronic part devices using the cured product. On the other hand,
when the fornulation amount exceeds 40 parts by weight, the curing rate is
too fast, thereby risking inpaired soldejability and adhesiveness. 15 |t
is preferable that the above-nmentioned thernpsetting resin conposition has
a reaction exothermc peak in the range of 180 to 250C as determ ned by

the differential scanning calorinetric determnation at a programmng rate

of 100G/ mi nutig.a 16 8o akie gfld 4 gédhiottickins GARNDH ﬁéwg&hfs'&ftﬂetcﬁﬁﬂg”at on

refers to a 20 process of recordlng energy require I nst t

tenperature, @] tH%%FPdé}QbﬂitiﬂearﬁieaHPﬁﬁﬁés‘xkf]eegé o BE S MARENETRsiR Sap! e and a

standard substance to be zero under same conditions®w adj ust nment

of heating orcogfisititch. Fdr 1h§'tbﬁc@r£§@ﬁ'1ﬁ’@é3{tef the BGAng Ble Ctﬂ@%hi&uﬂ?ﬂ&ed){arf&ﬁ

shell portion in the mcrocapsulated curing acce#erator I'S pro

sel ect ed, theeidIRFddtemRLaLAK fﬂe‘ésmﬁ% %élatféi tﬁf&& the ng %%neiau

differential scarini ng calorinetric nati1 on o rm)sgftlng

resin conposithé S nRNRRGA SiBdnt éﬁhg‘nﬁﬁﬂfc‘apy Sith@l ‘Eﬁinﬁg %bé@eraﬁﬁqg Egﬁﬁ{eﬁrto can

be controlled. Specifically, the thernal curing Teactron o

ther moset 1| N@.1 RA40 pSATBOSHIERN bEQARI 00 arld ¥y ﬁbfe{hﬁféf‘ﬂfe“&ﬁ‘ b et | N9

accel erator of the present ntion 1s c I'ation

exothernic 5 egg&%upﬁréﬁﬁ%tﬂ E&Q@ﬁﬁﬁs 8 v‘} tC ‘“’h&gt}fé%ﬁnﬁk@ﬁ)ﬁ an‘?tktﬁﬂ with

the swelling o shel | “duri ng” heat rom i nterna e capsu e into

the thernosethkd Aficroegpstiatddurif a@&?&hﬁﬂ% 1899&%5 gaf@ﬁgw%?g}eoﬁuermgsi ce

deconposition of the shell owng to the heat o ctio

the cross-|i rdengidtesisit Yo tat titCoity fimBBebbbs I0HR! fnd BREAII fiGa |V the

nunber of functional gr oups of the I"socyanate .non&her s
10 transition temperature of the cured product of the thermosetting resin

composition is drastically lowered, thereby risking impaired reliability of the
electronic part devices using the cured product. On the other hand, when the
formulation amount exceeds 40 parts by weight, the curing rate is too fast,
thereby risking impaired solderability and adhesiveness.

15 It is preferable that the above-mentioned thermosetting resin composition
has a reaction exothermic peak in the range of 180° to 250°C as determined by
the differential scanning calorimetric determination at a programming rate of
10°C/minute.

Here, the differential scanning calorimetric determination refers to a

20 process of recording energy required, against time or temperature, for keeping
the temperature difference between a sample and a standard substance to be zero,

under the same conditions with adjustment of heating or cooling.

In this embodiment, since the constituent of the shell portion in the

microcapsulated curing accelerator is properly selected, the reaction exothermic

25 peak, as expressed by the differential scanning calorimetric determination of the



10 are constituents of the shell portion, the nunber of aromatic rings, and
the like are properly selected, the heat of reaction of the thernosetting
resin composition conprising the curing accelerator can be properly
controll ed. Wien the thernosetting resimgsas a reaction exotherm c peak at
| ower than 180C, as determned by the differential scanning calorinetric
determ nation, the 15 thernosetting resin has a reaction exotherm c peak

| ower than, for instance, the nelting point of 63 Sn-37 Pb solder (nelting

poi nt: 183C) thernidsettingy febinGopepasitionEodpridag i gédroCamulitedcmdagt :  2200) .
Therefore, the viscosity of the resin 1ncreases before subjecting the

resin to sol det¢lBgtod) ciebé evntrolled. mép@eﬂi@dnygmd thersAllp Eking feattiah of e
solderability is undesirably | owered. Generally, at present, it 20 would be

very diffi culthernsafingsiesinhRnipRiidmotoryssing e sideedpsalatédeuridger noset ting
resin conposition conprising the epoxy resin conposition conprising the

i crocapsul ataeceletatdmes the pedsenpin@ention RaAGsal byimdtigion df aekdtlermvicewpoi nt
of the heat resistance of the shell. In the above-nentioned thernosetting

resin cpnposirtidivn dicherelaiest tleuringactdletaust a’ignngWiMhﬁ swelliid &f theand
I norgani c materials can be added as occasi on 48 dermands. The organic

material i nclshg@dusihlaeeisofph Hteragbot the chpdude HOthCOPhbALIAL 8IS, and
surface nodi fyi ng agents, antioxidants, tackifying agents, an the |ike.

The i nor gani Gymrtelkeiaion dfahe destivaryyadetotipobigios ofukdisis] alvitig dathe Hehi 68
and silicon nitride, nmetallic particles nmade of copper, silver, alum num

ni ckel 5 and regitiderl ;THEote, RigFRhE Sra3Bdintigsdendiid of g slidleporfiba, mokdrul at i on
ratio of the inorganic nmaterial is not particularly limted. It is

preferabl e tRgécifibglly eHendrabérat fuheddrl gfox%;iae;f itieisgeyinatdAiogb ks whidh om 0
to 70% by weight, preferably fromO to 65% by weight, fromthe vi ewoints
of theigontr eke obnstivgents s£ 0 shell@orfidrg the number of aromatic rings, and the like
are properly selected, the heat of reaction of the thermosetting resin composition
comprising the curing accelerator can be properly controlled. When the
thermosetting resin has a reaction exothermic peak at lower than 180°C, as
determined by the differential scanning calorimetric determination, the
15 thermosetting resin has a reaction exothermic peak lower than, for instance, the
melting point of 63 Sn-37 Pb solder (melting point: 183°C) or the melting point
of Sn-Ag solder (melting point: 220°C). Therefore, the viscosity of the resin
increases before subjecting the resin to soldering in reflow, or the gelation is
caused, so that the solderability is undesirably lowered. Generally, at present, it
20 would be very difficult to adjust the reaction exothermic peak of the
thermosetting resin composition comprising the epoxy resin composition
comprising the microcapsulated curing accelerator to 250°C or higher, from the
viewpoint of the heat resistance of the shell.
In the above-mentioned thermosetting resin composition, other materials,

25 including organic materials and inorganic materials can be added as occasion



t hernosetting resin conposition and the electric connection between the 10
sem conduct or elenent and the printed circuit board. In the above-nentioned
t hernosetting resin conposition, besides the other auxiliary agents
ment i oned above, conponents such as silicgpne oils, silicone rubbers,

synt hetic rubbers, and reactive diluents can be fornmulated in order to
achi eve | ow conpression; and ion trapping agents such as hydrotalcites 15
and bi smut h hydroxi de can be properly fornmul ated for the purpose of

i mproving t demaidsaffiheidryaiio tdterigiihskhideesilRleoPLLg bLGItS tdBAANt st . I n
addi tion, various conventionally known additives such as a deterioration

preventive, aodupliagiapentsagefice rAodlfinaabetts amebkidants) t@iERing &y andnd the
| i ke can be properFy f ormul at ed. % %E% formof the above-rrgen i oned

t her moset t i nghe éiken Theineiahlconaeiv! BRludek SaHfuPfillsR!such 8 afRgRL SREr ature
(25C), or the thernosetting resin conposition may be worked into a

sheet - | i ke f cmdhsilicort fieride} SeetuhiRs garti¢les mabe bABSSidr] SiBvek SALMiGAAPRSkEN on 1S
liquid at roomtenperature, the thernosetting Tesin conposition may be

appliedsto a gudisoldeg; etheeplpmedinahsk Whdd) and tHeSIPRNSERe fdrhuiRidd@tiedTgpaher e
the thernosetting resin conposition is solid at roomtenperature, 49 the

t her noset t i ndné@ahit BERPIABistid hafuliey BRIMeHC Y fkDrérePiblOiRg 1 fktintatkpar d
by nelting the thernbsetting resin conposition into a nolten state wth a

heating- typeatih spersigorganic Attirldl froin0 0% ASEwWIBEE, Hréfeeat i BRAL | oned
thernosetting resin 5 conposition is worked into a sheet-like form the

ther noset t i nG59& by weiglposi theovie®pbindCof Be BodirbléOthe vidtesiy By il ting and
extruding the resin conposition on a substrate film Further, in order to
facilitate thkerhtuseningaRsi@fcomposition and the electric connection between the
10 semiconductor element and the printed circuit board.
In the above-mentioned thermosetting resin composition, besides the
other auxiliary agents mentioned above, components such as silicone oils,
silicone rubbers, synthetic rubbers, and reactive diluents can be formulated in
order to achieve low compression; and ion trapping agents such as hydrotalcites
15 and bismuth hydroxide can be properly formulated for the purpose of improving
the reliability in the moisture tolerance resistance test. In addition, various
conventionally known additives such as a deterioration preventive, a leveling
agent, a defoaming agent, a pigment, a dye, and the like can be properly
formulated.
20 The form of the above-mentioned thermosetting resin composition may be
liquid or solid at room temperature (25°C), or the thermosetting resin
composition may be worked into a sheet-like form. In the case where the
thermosetting resin composition is liquid at room temperature, the thermosetting
resin composition may be applied to a printed circuit board with a dispenser. In

25 the case where the thermosetting resin composition is solid at room temperature,



the sheet, a rubber conponent or the |like may be added to the thernosetting
resin conposition. 10 As the above-nentioned rubber conponent, for

i nstance, acrylonitrile- butadi ene copolynmer (NBR) is favorably used, and
ot her copol yner conponents can be furtheggused together therewith. O her
copol ymer conponents include, for instance, hydrogenated
acrylonitrile-butadi ene rubber, acrylic acid, acrylates, styrene,

nmet hacrylic acid, and the |ike. Anong them acrylic acid or nmethacrylic 15
acid is pref ethahexmdsetiing fesinvéoempusitivn mhy bewppledure ptiaid dfesioand by a
metal or plastic. In addition, the amount of acrylonitrile bonded in"the
above- ment | onmdltingAReitberesysetting feyinpoedposiionyinfo #Molen tseatd Wehby hvwight |
nore preferably 15 to 40% by wei ght. The above-nenti oned thernosettli ng
resi n conposi typonispgnsdre, for 20 instance, prepared as follows.
Specifically, each of the conponents of the epoxy resin, the curing agent,

the conpound repr ebeaddétiby)in titecaye velteaé tHeotbowt anértionet thédrloseiig febi
m crocapsul ated curing accelerator is formulated in a given anount, and

the nixbure icompesitenis workeduhtoensiretlike Byrnk nadicttiovéttiig fedimeader such as
a universal stirring reactor with heating. Next, a desired thernosetting

resin 25 conpmsnpositiorem be faneddingda Mect by nesliing ahd exiding thelesirre with a
filter, and 50 thereafter defoaming the filtrate under a reduced pressure.

Here, in orderompmositiol) ost substrdte dilai tBurther tihorddrad tasBidtd e foedbflon of
conposition, an organic solvent can be added. The organi c sol vent

incl udes, f orthe skeatna egbteo compenentydrehelikegidybe addetitd thethentoédilg resin
acetone, diacetone al cohol and the like. These organic 5 solvents can be

used al one orcompasitiet ure thereof. Further, the present invention relates
to a sem conductor device
10 As the above-mentioned rubber component, for instance, acrylonifrile-
butadiene copolymer (NBR) is favorably used, and other copolymer components
can be further used together therewith. Other copolymer components include,
for instance, hydrogenated acrylonitrile-butadiene rubber, acrylic acid, acrylates,
styrene, methacrylic acid, and the like. Among them, acrylic acid or methacrylic
15 acid is preferable, from the viewpoint of giving excellent adhesion to a metal or
plastic. In addition, the amount of acrylonitrile bonded in the above-mentioned
NBR is especially preferably from 10 to 50% by weight, more preferably 15 to
40% by weight.
The above-mentioned thermosetting resin composition can be, for
20 instance, prepared as follows. Specifically, each of the components of the epoXy
resin, the curing agent, the compound represented by the general formula (1) or
(2), and the microcapsulated curing accelerator is formulated in a given amount,
and the mixture is blended in a molten state by kneading with a kneader such as a

universal stirring reactor with heating. Next, a desired thermosetting resin

25 composition can be prepared by filtering the molten mixture with a filter, and



conprising: a printed circuit board, a sem conductor elenent, and 10 the
above-nentioned thernosetting resin conposition, wherein a gap forned
between the printed circuit board and the sem conductor elenent is seal ed
by the thernosetting resin conposition. A8 shown in Figure 1, the

sem conduct or device manufactured by using the thernosetting resin
conposition of the present invention conprises a printed 15 circuit board
1, plural connecting el ectrodes 2 and a sem conductor el enent 3 nounted on
one side of thoregftérdedohmingahe filbatarnmder o reatuptdipessuronblece,ingrdet @ct r odes
2. A sealing resin layer 4 is formed between the printed circuit board 1
and the seni edpstuthediuidity vé thie theribsetting msiradampositicn, zeorgaricsablenotant he
printed circuit board 1, the 20 connecting el ectrodes 2 and the

seni conduct obe elldet:nThS prganit sdiecrtrinalndesytort instahcs, telache, myhdrey, nagthyt he sane
as those described for the First Enbodinent. In the sem conductor device

manuf act ur edetiy! ketong (MiEK g hoenopditéaonsalcohelramdsbt tikeg Thess orgaaiposi ti on,
t he sem conduct or device conprising a printed circuit board, plural

connecti ng ekelvbndas bended akewiqdnddatixiretheraafit nounted 25 on one side
of the printed circuit board via plural connecting el ectrodes, the 51
sem conduct or deviFaehes timprebatibvadionyrelansatta seghiconduetoraieeide ng resin

conposition between a printed circuit board and a sem conductor el enent,
and nel ti ngcoimerising: nosetting resin conposition to forma sealing resin
| ayer. One exanple of an enbodi ment for the process for manufacturing a
sen conduct or pinded cicezipbodrie present invention will be sequentially
expl ai ned on the basis of the
a semiconductor element, and
10 the above-mentioned thermosetting resin composition,
wherein a gap formed between the printed circuit board and the semiconductor
element is sealed by the thermosetting resin composition.
As shown in Figure 1, the semiconductor device manufactured by using
the thermosetting resin composition of the present invention comprises a printed
15 circuit board 1, plural connecting electrodes 2 and a semiconductor element 3
mounted on one side of the printed circuit board 1 via plural connecting
electrodes 2. A sealing resin layer 4 is formed between the printed circuit board
1 and the semiconductor element 3.
The materials and sizes for each of the printed circuit board 1, the
20 connecting electrodes 2 and the semiconductor element 3, and the arrangements
for each member are the same as those described for the First Embodiment.
In the semiconductor device manufactured by using the above-mentioned
thermosetting resin composition, the semiconductor device comprising a printed

circuit board, plural connecting electrodes and a semiconductor element mounted

25 on one side of the printed circuit board via plural connecting electrodes, the



drawi ngs. First, as shown in Figure 4, a thernobsetting resin conposition 7
of the present invention is placed on a printed circuit board 1. Next, as
shown in Figure 5, a sem conductor elenent 3 provided with plural

spherical connecting 10 el ectrodes (jointspalls) 2 is nounted on given
positions on a thernosetting resin conposition 7. The thernosetting resin
conposition 7 is nelted on a heated stage to give a nolten state, and the
connecting el ectrodes 2 of the sem conductor elenent 3 push out the nolten

thernoset ti n%frﬁ@:imiuemmsideii@maﬁufa&meafbgtinsdi&n@aitmxﬁﬁbs@'ttmgmetsirboard 1lis
contacted with the connecting electrodes 2, 15 and that an air gap forned

between the sempenibiciaween 8 peidtedciddid: bded Rhd alsehicoriduetirtel®assitaddi s
filled with a thernosetting resin conposition 7 in a nolten state. The

netal bondi ngnéleingali¢ theemeskttiby résdh dempbsitibave fera kg fegin lagenoOgEt i Ng
resin conmposition 7 is cured to seal the air gap, thereby formng a sealing

resin | ayer egamipfe shisembbliogknt thethePreedss fef honfaeturog seemieenaudiendi ng
met hod 20 using a refl ow furnace, or a bonding nmethod sinultaneously with

nounting a cleiie ofithé phaaid ingedish Wil Bebeqigneinldy @Mﬂw ¢h thediaeis gfahé i on
to a tenperature of equal to or higher than the nelting point of the

sol der. As desgideed above, the sem conductor device as shown in Figure 1
is manufactured. I'n the process for manufacturing the sem conductor device

nentioned 25 aboWst asGhsemnAFigue 45 ATheeiiddging reShaiiosfid Pefdad W th
plural spherical 52 connecting electrodes 2 is described. The present

i nvention i s pagdent InvehBon (15iheddon a piihte] Siakt bdred @, Nartpds sHRed IrCRigure
connecting electrodes 2 are previously provided on a printed circuit board

| may al so be, erpniyaducibl@ldnémnassideddyitinplusel sphtried] dorgeéthgr noset ting
resin conposition 7 are
10 electrodes (joint balls} 2 is mounted on given positions on a thermosetting resin
composition 7. The thermosetting resin composition 7 is melted on a heated
stage tc give a molten state, and the connecting electrodes 2 of the
semiconductor element 3 push out the molten thermosetting resin composition 7,
so that the printed circuit board 1 is contacted with the connecting electrodes 2,
15 and that an air gap formed between the semiconductor element 3 and the printed
circuit board 1 is filled with a thermosetting resin composition 7 in a molten state.
The metal bonding is carried out by solder reflow, and then the thermosetting
resin composition 7 is cured to seal the air gap, thereby forming a sealing resin
layer 4. In this method, the solder reflow method may be a bonding method
20 using a reflow furnace, or a bonding method simultaneously with mounting a
chip, with heating and soldering and melting a heater portion to a temperature of
equal to or higher than the melting point of the solder. As described above, the
semiconductor device as shown in Figure 1 is manufactured.

In the process for manufacturing the semiconductor device mentioned

25 above, a case where a semiconductor element 3 provided with plural spherical



5 appropriately set in accordance with the size of the seniconductor
elenment 3 to be nounted and the size of the spherical connecting

el ectrodes 2 provided on the sem conductor elenent 3, nanely the vol une
occupied by a sealing resin layer 4 forngg by filling and sealing an air
gap formed between the sem conductor element 3 and the printed circuit
board 1. 10 In the process for manufacturing a sem conductor device

menti oned above, the heating tenperature when the thernosetting resin
conposi ti on 7camentihg eltctrodegy? iedescribéd.eThs padsent imvepgomisric tishiyed teréto,
consi deration of the heat resistance of the sem conductor elenent 3 and
the printed cambacasebwberd plyrat gheniebl compepingeicofroddsi®aregroeiouslyg

el ectrodes 2, and the softening point and heat resistance of the 15

t her noset t i ngproe&ied ararpriatedi areuit.boaktKAMRIYESso bexmpldyee. present invention
will be described in further detail by means of the foll ow ng Exanpl es, and

can be of course siihg thitkress vad theuseightiof the ahéransetting rasid capposttiid Page
wi t hout departing fromthe gist of the present invention. Exanple A Prior

to carrying ocapprépmatplyeset dmaccOodqme tiily thefstangd the sthécohdutionelgner@ Bopsy
resins, carboxylic acid derivative, phenolic resin, acrylonitrile-butadi ene

25 copol yner , bemoungdandehe szt of thasplienicabeonnecting tlectrodyse? propdydosh tHe3
[ Epoxy Resin (al)] Bisphenol A epoxy resin (epoxy equival ence: 185 g/eq.,
liquid at rowemitenpetatalement3,smasly yhe Wlimeaicsepiod blyesseatihg 18 )ayer[4Epoxy
Resin (a2)] formed by filling and sealing an air gap formed between the semiconductor

clement 3 and the printed circuit board 1.

10 In the process for manufacturing a semiconductor device mentioned above,

the heating temperature when the thermosetting resin composition 7 is melted to

give a molten state is appropriately set in consideration of the heat resistance of

the semiconductor element 3 and the printed circuit board 1, the melting point of

the connecting electredes 2, and the softening point and heat resistance of the

15 thermosetting resin composition 7.

EXAMPLES
Next, the present invention will be described in further detail by means of
the following Examples, and can be of course subject to various modifications

20 and applications without departing from the gist of the present invention.

Example A

Prior to carrying out Examples and Comparative Example, the following
epoxy resins, carboxylic acid derivative, phenolic resin, acrylonitrile-butadiene

25 copolymer, curing accelerator and inorganic filler were prepared.



Tri phenol net hane epoxy resin (epoxy equival ence: 170 g/eq., softening
point: 63C, viscosity: 0.8 Poise at 150C) 10 [Flux Active Agent (bl)]

Di - n- propyl

vin

yl

ether adipate [Flux Active Agent (b2)] Trinellitic

acid-1,2,4-tri-2-ethyl hexyl vinyl ether 3% [Flux Active Agent (b3)]
Tris(2-carboxyethyl) isocyanurate-tri-n-propyl vinyl ether

[Acrylonitril e-Butadi ene] 20 Mooney viscosity: 50 Content of binding

30% by wei ght [Phenolic Resin] Phenolic novol ak resin
(hydroxyl group equiv.: 104 g/eq., softening point: 60C, 25 viscosity: 0.4

acrylonitril

Poi se at 150
(shel I/ cat al

10

15

20

25

e:

Vo

54

[ Curing Accelerator] M crocapsul ated tri phenyl phosphi ne

okpResin GA}J50 (by weight)) 5 [Inorganic Filler] Spherical
silica (average particle size: 0.5 m nmaximal particle size: 1.0 gm The
eval uati on ndsisphknod dk epdry reeim (epoxiuequivaldres:d8S g/ey.chgideft rodxranpl es and
Conpar ati ve Exanple are collectively given hereinbelow 10 (1) Initial
El ectri c Condempesattrg, Tissosign@. 1FPeist or tes€anlif@IT)vity Test after Misture
Absorption and Sol deri ng

5

[Epoxy Resin (a2)]

Triphenolmethane epoxy resin (epoxy equivalence: 170 g/eq., softening point:

63°C, viscosity: 0.8 Poise at 150°C)

[Flux Active Agent (b1)]

Di-n-propyl vinyl ether adipate

[Flux Active Agent (b2}]

Trimellitic acid-1,2,4-tri-2-ethylhexyl vinyl ether

[Flux Active Agent (b3)]

Tris(2-carboxyethyl) isocyanurate-tri-n-propyl viny! ether

[Acrylonitrile-Butadiene]

Mooney viscosity: 50

Content of binding acrylonitrile: 30% by weight

[Phenolic Resin]

Phenolic novolak resin (hydroxy! group equiv.: 104 g/eq., softening point: 60°C,

viscosity: 0.4 Poise at 150°C)



El ectric resistances of the sem conductor devices were determned at room
tenperature and 125C with a digital nultinmeter "TR6847" commercially 15
avai l abl e from Advantest. Those eval uated as "acceptable” for the initial

el ectric conductivity test and the electrkg conductivity test after

noi sture absorption and soldering are when the connecting electric

resi stance val ue between 2 bunps is 20 mm Q or | ess. The eval uation
results were expressed as the nunmber of defective products per 8

sem conductor devices. 20 (2) Electric Conductivity by Thermal Shock Test
(TST) The procedures for the sem conductor device were carried out by using
a thermal shi@isimpeAtesderandier ei n one cycle conprises keeping the

sem conductor device at -50C for 5 mnutes, and thereafter keeping it at
125C for 5 niMikdresapsiatddeigHeaeinhiosplgns detetlioatdlyst@htis:H0/5E@ M or
device after carryi%g out 1;31009%1 %ycl gim(el ectric conéuctﬂ?}\p/?’tegg!gpt er 1000
cycles of TST), and that of the sem conductor device after carrying out
2000 cycles (electric conductivity after 2000 cycles of TST) were

measur e, andIsxgasieditieds the nunber of defective products per 8

sem conductor devices. The electric conductivity was eval uated 5 by

det er mi ni ng tSphegicaciilics (dvesdgstrantele alzef 0GR i i7bl P hng a
digital mul tisn%t er "TR6847," g?op?marci ally aq%/af I ag{rgﬂ;ﬁragtrlnﬁ%g{/zgn?e@s?@and
those having connecting electric resistances between 2 bunps of 50 nmrnQ or
nore are counted as defective products. 10 Exanples 1A to 5A and

Conpar ati ve ExanplBhelevahasionaficthodpfuraht serahtondudtdr dehtss ih o4eR offi xed in a
ratio shown in the table with toluene to dissolve the conponents. The

resul ting m Exknsgibubtnd Coniirative Example are collectively given hereinbelow.
10
(1)  Initial Electric Conductivity Test and Electric Conductivity Test after
Moisture Absorption and Soldering
Electric resistances of the semiconductor devices were determined at
room temperature and 125°C with a digital multimeter “TR6847” commercially
15 available from Advantest. Those evaluated as “acceptable” for the initial electric
conductivity test and the electric conductivity test after moisture absorption and
soldering are when the connecting electric resistance value between 2 bumps is
20 mm € or less. The evaluation results were expressed as the number of
defective products per 8 semiconductor devices.
20
(2)  Electric Conductivity by Thermal Shock Test (TST)
The procedures for the semiconductor device were carried out by using a
thermal shock device, wherein one cycle comprises keeping the semiconductor
device at -50°C for 5§ minutes, and thereafter keeping it at 125°C for 5 minutes.

25 The electric conductivity of the semiconductor device after carrying out 1000



applied to a polyester filmpreviously treated with a rel easi ng agent.
Next, the above-nentioned m xed sol ution-applied polyester filmwas dried
at 120C, and 15 toluene was renoved therefromto prepare a desired
sheet-1ike thernosetting resin conpositiggn having a thickness of 80 gm
formed on the above-nentioned polyester film A sem conductor device was
manuf actured in accordance with the nethod for nmanufacturing a

sem conduct or devi ce descri bed above by using each of the 20 sheet-like

t her noset t i ngytles {electoicnonductivisy ater000yekes oA TIST)Sfdcathdt 6btiar at i ve
Exanpl e 1A obtained in the manner descri bed above. Specifically, as shown
in Figure 2, semidueelucior evichefgpsatyingout eswlcyam)gsmﬁonoﬂdmis'inyl afteed on
a printed circuit board 1 (glass epoxy board, thickness: 1 mM). As shown in

Figure 3, a 92600cyoisof ST vesre meaSufetihinkergnsssed@O thy mehber ofldfortive 9 mm)
25 was then provided with connecting el ectrodes 2 (eutectic solder, nelting

point: 56 1336ductd petd edtrichadghtr déa€esmTiarelgitrie rondsditiviitgneanévalged
sheet-like thernosetting resin conposition 7. Thereafter, the sheet-Iike

t her nos®t t i n@yrdesérmin@tne sldctidreshtant® lat esby neigperhfvee ead dRs1®asingfa a
heating tenperature of 150C, a load of 1.5 gf/nunber of electrodes, and 3

seconds, t hedgdiyal foibltinRgercdiTRE84 7 agohmeediyiee avdilblafromt Advaitetadd tosed 1
and the sem conductor elenent 3 with a nolten resin. Subsequently, the

filled resinhapmgsaopnecindeleorrRatastant s Detwreéd 2 Gaenps@P30i i br afste eS| n
curing (conditions of 150C for 30 m nutes), thereby manufacturing a

sem conduct oconfitedhs defative gagdustss sealed with a sealing resin layer 4 as
shown in Figure 1 (8 senm conductor devices were prepared for each 10
Exanpl es and Conparative Exanple). Each of the resulting sem conductor
devi ces was subjected to initial electric conductivity test. Further, each

of thell Examples 1A to 5A and Comparative Example 1A

Each of components shown in Table 1 was mixed in a ratio shown in the
table with toluene to dissolve the components. The resulting mixed solution was
applied to a polyester film previously treated with a releasing agent. Next, the
above-mentioned mixed solution-applied polyester film was dried at 120°C, and

15 toluene was removed therefrom to prepare a desired sheet-like thermosetting
resin composition having a thickness of 80 um formed on the above-mentioned
polyester film.

A semiconductor device was manufactured in accordance with the method
for manufacturing a semiconductor device described above by using each of the

20 sheet-like thermosetting resin compositions of Examples 1A to 5A and
Comparative Example 1A obtained in the manner described above. Specifically,
as shown in Figure 2, a sheet-like thermosetting resin composition 7 was placed
on a printed circuit board 1 (glass epoxy board, thickness: 1 mm). As shown in
Figure 3, a semiconductor element 3 (thickness: 600 pm, size: 13 mm x 9 mm)

25 was then provided with connecting electrodes 2 (eutectic solder, melting point:



sem conduct or devices was all owed to absorb noisture under the
environnental conditions of 30C, 60% RH for 168 hours, and then subjected
to solder reflow (Jedec condition), and thereafter to electric
conductivity test. The results are 15 shggn in Table 1. Furthernore, each
of the sem conductor devices was subjected to 1000 or 2000 cycl es of
thermal shock test (TST: one cycle conprising keeping at -50C for 5

m nutes, and then keeping at 125C for 5 minutes), and thereafter subjected

to an el ectrilB3WOrelecttade Heiglite $20 1fh) degiven pdsitibay obibeishest-lilw each Exanpl e
or Conparative Exanple). The results 20 are shown in Table 1. 57 Table 1

Exanpl es Conthermibsethipassincompositiondh ThaeiBedihewbbghlile hhrRdsddfng fesih 1A
Epoxy Resin (al) 4.0 4.0 4.0 4.0 4.0 4.0 Epoxy Resin (a2) 6.0 6.0 6.0 6.0

6.0 6.0 Fl ugofpbiivienAgsnmeliéd dndbrie SolifoRbo0a Bathig tEnpsrabeie ofel SBIENt
(b2) 00.51 0000 Flux Active Agent (b3) 0 0 0.51 0 0 O Phenol Novol ak

153 0 e g i g s oy
0.12 Ior gabetwdenlthe pridtdd Erdditbordd @ andehé séaruhiisctor element 3 with a
molten resin. Subsequently, the filled resin was subjected to solder reflow (Jedec
condition) and resin curing (conditions of 150°C for 30 minutes), thereby
manufacturing a semiconductor of which air gap was sealed with a sealing resin
layer 4 as shown in Figure 1 (8 semiconductor devices were prepared for each
10 Examples and Comparative Example). Each of the resulting semiconductor
devices was subjected to initial electric conductivity test. Further, each of the
semiconductor devices was allowed to absorb moisture under the environmental
conditions of 30°C, 60% RH for 168 hours, and then subjected to solder reflow
(Jedec condition), and thereafter to electric conductivity test. The results are
15 shown in Table 1. Furthermore, each of the semiconductor devices was
subjected to 1000 or 2000 cycles of thermal shock test {TST: one cycle
comprising keeping at -50°C for 5 minutes, and then keeping at 125°C for
5 minutes), and thereafter subjected to an electric conductivity test (8

semiconductor devices for each Example or Comparative Example). The results

20 are shown in Table 1.



Chip Mounting Load 1.5 1.5 1.5 1.5

0/8 0/8 0/8 0/8 8/8 Conductivity Test (No.
El ectric Conductivity 0/8 0/8 0/8 0/8 0/8 - Test after
of Defectivel/ Total
1000 Cycles of TST (No.
El ectric Conductivity 0/8 0/8 0/8 0/8 0/8 Test after
It was confirmed from Tabl e 1 that

of the tests

and Sol dering ( No.
0/8 0/8 --- 0/8 Test after

(No. of Defectivel/ Total No.) 58
Exanpl es 1A to 5A showed no generat

1.5 1.5 (g/bunps) Initial

of Defective/ Tot al

2000 Cycl es

i on ectiveness in all

By

Electric -
No. )

Moi st ure Absorption

No.37 Electric Conductivity 00/8 0/8

of Defective/Total

No. )
of TST I

of the initial electric conductivity he el ectric conductivity test
after noi st ure—abpsorpti-on—anrd—soldari-Rg; i bkt test
after 1000 cycles of TST, and the dlectric con8& PGSty 5 test 4fGamp.2000
cycles of TST. On the other hand, Conparative Exanple showed ggrsastpiasn of
def ecti venes ni{partsi by weaglgtt rli clAond @A i vi BA t estAor tSw el ectAic
conducti vi ty Bpesy Rafih€s1)2000 cycl e§ of 0 TST.40lher gligor e, 40t waggcaniig ged
that the serg conductaor_ device manufactured by using the sheet-I|i ke
t her noset t i nGPPEERSSINEBposi tion off the prédent PMvent 6.8n sholed st@dl e
el ectric con VA I he 10 ijnktd,al ehectrig co tiwdy land.t he
el ectric con uct%‘é’!llﬁ‘ggeﬂéﬁ%r streg sbt%st S éuch (gs T and%r%i st urg
absor pti on amthxsAttiler Agent (b2) 0 0.51 o 0 0 0

Flux Active Agent (b3) 0 0 0.51 0 0 0

Phenol Novolak Resin 592 592 592 3592 592 5.92

Acrylonitrile-Butadiene- 0.5 0.5 0.5 0.5 0.5 0.5

Methacrylic Acid

Curing Accelerator 612 012 012 012 012 0.12

Inorganic Filler 0 0 0 0 4.35 0

Test Results

Chip Mounting Load 1.5 1.5 1.5 15 1.5 1.5

(g/bumps)

Initial Electric 0/8 0/8 0/8 0/8 0/8 8/8

Conductivity Test

(No. of Defective/Total No.)

Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -

Test after Moisture Absorption

and Soldering

(No. of Defective/Total No.)

Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -

Test after 1000 Cycles of TST

(No. of Defective/Total No.)

Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -

Test after 2000 Cycles of TST

(No. of Defective/Total No.)




Exanple B Prior to carrying out Exanples and Conparative Exanple, the
follow ng 15 epoxy resins, phenolic resin-based curing agent, flux active
agents, curing accelerator and inorganic filler were prepared. [Epoxy
Resin (al)] Bisphenol A epoxy resin (epoxygequival ence: 185 g/eq., liquid
at room 20 tenperature, viscosity: 0.1 Poise or |less at 150C) [Epoxy Resin
(a2)] Triphenol met hane epoxy resin (epoxy equival ence: 170 g/eq., softening
point: 63C, viscosity: 0.8 Poise at 150C) 25 59 [Phenolic Resin-Based

Curing Agent] Pheribisias cnﬂﬂﬁhe&fﬂoﬁsﬂ'@bléhyt(ﬁapﬁxdtmgfe@llm RO showd@400/ €q. ,
softening point: 60C, viscosity: 0.4 Poise at 150C) 5 [Flux Active Agent

(b1)] Di-n- mwenpsdtioni of\defedtivenessdi pHtof the HstvofAbe invdalgeatic(dadtlictivity
Trimellitic acid-1,2,4-tri-2-ethylhexyl vinyl ether 10 [Flux Active Agent

(b3)] Tris(2-teqy thexyeitiy chnisaiigrestaler distaredkoydtion ad sctddiedg, th&uri ng
Accel erator] 15 M crocapsul ated tri phenyl phosphi ne (shell/catalyst ratio:
50150 (by weieidutdi¢ condunivigrest dfick 1600 cycles of TST, and the electric conductivity
5 test after 2000 cycles of TST. On the other hand, Comparative Example showed
generation of defectiveness in the initial electric conductivity test or the electric
conductivity test after 2000 cycles of TST. Therefore, it was confirmed that the
semiconductor device manufactured by using the sheet-like thermosetting resin
composition of the present invention showed stable electric conductivities in the

10 initial electric conductivity and the electric conductivities after stress tests such

as TST and moisture absorption and soldering.

Example B

Prior to carrying out Examples and Comparative Example, the following
15 epoxy resins, phenolic resin-based curing agent, flux active agents, curing

accelerator and inorganic filler were prepared.

[Epoxy Resin (al)]
Bisphenol A epoxy resin (epoxy equivalence: 185 g/eq., liquid at room

20 temperature, viscosity: 0.1 Poise or less at 150°C)

[Epoxy Resin (a2})]
Triphenolmethane epoxy resin (epoxy equivalence: 170 g/eq., softening point:
63°C, viscosity: 0.8 Poise at 150°C)

25



Spherical silica (average particle size: 0.5 m nmaximal particle size: 1.0
,mM 20 The eval uation nethods for the sem conductor devices in each of
Exanpl es and Conparative Exanple are collectively given hereinbelow (1)
Initial Electric Conductivity Test and Elsgctric Conductivity Test after

Moi sture Absorption and Sol dering 25 The same procedures as in "Initial

El ectric Conductivity Test and Electric 60 Conductivity Test after

Moi sture Absorption and Sol dering"” in Exanple A were carried out. (2)

El ectric ConfRistnolictReshy-Bibet Gatingaekt]Test (TST) 5 The same procedures as
in "Electric Conductivity by TST" in Exanple A were carried out. Exanples

| B to 5B andpesuiny mivolsk ReaniHyd:di] Baslp fuie DA, Ssofeaimy poinfag e, 2 vas

formulated in a ratio shown in” 10 tHe table, and kneaded in a universal
stirring vessgbggi@;mPg{geea@cjsg‘r@ m xture. Next, the nelt-kneaded m xture
was filtered with a 300 nesh filter at 80C, and thereafter the filtrate
was def oaned under reduced pressure at 80C for 30 m nutes, and the product
was cooled to roomtenperature, to give a desired thernosetting resin

conposi4 i on. [zﬁagm@fvetmgeme(syj]ti ng thernosetting resin 15 conpositions was
solid at 25C. The nmelt viscosity as determned by ICl rotational

vi sconet er W@&E—xﬁﬁx@&ﬂifﬁ@@e&krﬁ@@ateﬁnd the results are shown in Table 2.
Here, the kneading conditions are as follows. [Kneading Conditions] 20

First, the epoxy resin and the phenolic resin-based curing agent were
charged, and m xed at 100C for 10 minutes to dissolve all solid

i ngredi ent s. {Flux Active Agent (b2)]
Trimellitic acid-1,2,4-tri-2-ethylhexyl vinyl ether
10
[Flux Active Agent (b3)]

Tris(2-carboxyethyl) isocyanurate-tri-n-propyl vinyl ether

{Curing Accelerator]

15 Microcapsulated triphenylphosphine (shell/catalyst ratio: 50/50 (by weight))

[Inorganic Filler}

Spherical silica (average particle size: 0.5 um, maximal particle size: 1.0 um)

20 The evaluation methods for the semiconductor devices in each of

Examples and Comparative Example are collectively given hereinbelow.

(1) Initial Electric Conductivity Test and Electric Conductivity Test after
Moisture Absorption and Soldering

25 The same procedures as in “Initial Electric Conductivity Test and Electric



Next, after the tenperature was adjusted to 70C, the flux active agent
represented by the general fornmula (1) or (2) and the curing agent were
added and mixed for 5 mnutes. 25 A seni conductor device was nanufactured
in accordance with the method 61 for prggucing a sem conductor device
descri bed above by using each of the thernosetting resin conpositions of
Exanpl es 1B to 5B and Conparative Exanple 1B obtained in the manner

descri bed above. Specifically, as shown in Figure 4, a thernosetting resin
conposi ti on Tondsctiviey Testiafter Moismee AOssptionand %l@iﬂﬁﬁnﬂ;@@l@m Wepg | nt ed
circuit board 1(glass epoxy board, thickness: 1 mm. he nolten resin
conposi ti on vasiedlcaged on a stage heated to 100C, and as shown in Figure
5, a sem conductor elenment 3 (thickness: 600 um size: 13 nmx 9 mm was
then provided with connecting el ectrodes 2 (eutectic solder, nelting

poi nt: 183C, el ectrode height: 120 um) on given positions of the 10

t her noset t i n@y esEfectgdosidtttdAty’by ThemealStrick Tekt (:)fs*rgunti ng was carried
out wusing a flip chip bonder, thereby filling an air 'gap between the

printed circuit Mhasemé prockdubed Saf“Bsite Condet by FSWtih Bxabmile 0
resin. Subsequently, the filled resin was subjected to sol der reflow
(Jedec condi tvepharaiad guesin curing (conditions of 150C for 30 m nutes),

t her eby manufacturing a sem conductor 15 device of which air gap was seal ed
with a sealing resin layer 4 as shown in Figure 1 (8 sem conductor devices
were prepared for each Exanples and Conparative Exanple). Each of the

resul ting seBkempibsCIBo SB\WndaComparatits Bxembhd1BO initial electric
conductivity test. Further, this sem conductor device was allowed to absorb

moi sture under thBaéinyf cONPBINMS sionslid Tasle 208 aSemulaed G03a A Sigwd 68

hours, and then to solder refl ow (Jedec condition), and
10 the table, and kneaded in a universal stirring vessel to melt-knead the mixture.

Next, the melt-kneaded mixture was filtered with a 300 mesh filter at 80°C, and
thereafter the filtrate was defoamed under reduced pressure at 80°C for
30 minutes, and the product was cooled to room temperature, to give a desired
thermosetting resin composition. Each of the resulting thermosetting resin

15 compositions was solid at 25°C. The melt viscosity as determined by ICI
rotational viscometer was determined at 70°C, and the results are shown in Table

2. Here, the kneading conditions are as follows.

[Kneading Conditions]

20 First, the epoxy resin and the phenolic resin-based curing agent were
charged, and mixed at 100°C for 10 minutes to dissolve all solid ingredients.
Next, after the temperature was adjusted to 70°C, the flux active agent
represented by the general formula (1) or (2) and the curing agent were added
and mixed for 5 minutes.

25 A semiconductor device was manufactured in accordance with the method



thereafter subjected to electric conductivity test. The results are shown
in Table 2. Furthernore, each of the semi conductor devices was subjected
to 1000 or 2000 cycles of thermal shock test (TST: one cycle conprising
keeping at -50C for 5 minutes, and then eeeping at 125C for 5 mnutes),
and thereafter subjected 25 to an electric conductivity test (8

sem conduct or devices for each Exanple or 62 Conparative Exanple). The
results are shown in Table 2. Table 2 Conposition (parts by weigh ;

Exanpl es _Contror pfodteilgts senkBosBucibr &&i@@déﬁ@rig@@éﬂoﬁedg' fsifigledch/ofthé- 0 7.0
7.0 7.0 7.0 Epoxy Resin (a2) 3.0 3.0 3.0 3.0 3.0 3 Phénol Resi n-Based

5. 77 5.77 3. EKe&anEttﬁlgz%sﬁl dofp c@zﬁédk&f%&%cplﬁ thé\SBla\{ﬁ Ae@bhrative) 0. 49
0.24 0 0 1.38 0 Flux Active Agent (b2) 0O 0. 49 0 0O Flux Active Agent

(b3) 0 0 0 O. E%&n@pl@ 1529!5thﬂﬁd"iﬁ@l@é ﬁx@ﬁﬁ&rde@cﬁl?ecpab@w ScificdBly (hskhodnlid
Inorganic Filler 0 0 4.32 0 Test Results Mlt scosMy (Pas) at 70C

0.37 0.36 0. | /8
8/8  Conduct ?@gl?rfﬁg gitpérxﬂeﬁg%é %‘g#ﬂeﬁxﬁz@sﬁf&{ v %ash.eat‘c‘d% §00¢ Gnl/Btfed n @

5 molten state on a printed circuit board 1 (glass epoxy board, thickness: 1 mmy).
The molten resin composition was placed on a stage heated to 100°C, and as
shown in Figure 5, a semiconductor element 3 (thickness: 600 wum, size:

13 mm x 9 mm) was then provided with connecting electrodes 2 (eutectic solder,
melting point: 183°C, electrode height: 120 um) on given positions of the

10 thermosetting resin composition 7. Thereafter, chip mounting was carried out
using a flip chip bonder, thereby filling an air gap between the printed circuit
board 1 and the semiconductor element 3 with 2 molten resin. Subsequently, the
filled resin was subjected to solder reflow (Jedec condition) and resin curing
(conditions of 150°C for 30 minutes), thereby manufacturing a semiconductor

15 device of which air gap was sealed with a sealing resin layer 4 as shown in
Figure 1 (8 semiconductor devices were prepared for each Examples and
Comparative Example). Each of the resulting semiconductor devices was
subjected to initial electric conductivity test. Further, this semiconductor device
was allowed to absorb moisture under the environmental conditions of 30°C,

20 60% RH for 168 hours, and then to solder reflow (Jedec condition), and
thereafter subjected to electric conductivity test. The results are shown in Table
2. Furthermore, each of the semiconductor devices was subjected to 1000 or
2000 cycles of thermal shock test (TST: one cycle comprising keeping at -50°C
for 5 minutes, and then keeping at 125°C for 5 minutes), and thereafter subjected

25 to an electric conductivity test (8 semiconductor devices for each Example or



Electric Conductivity 0/8 0/8 0/8 0/8 - 0/8 - Test after Misture

Absor ption and Sol dering (No. of Defective/ Total No.) Electric Conductivity
0/8 0/8 0/8 0/8 0/8 - - Test after 1000 Cycles of TST (No. of

Def ective/ Total No.) Electric Conductivitg2z 0/8 0/8 0/8 0/8 0/8 -- --- -
Test after 2000 Cycles of TST (No. of Defective/Total No.) 5 63 It was
confirnmed from Table 2 that Exanples |IB to 5B showed no generation of
defectiveness in all of the tests of the initial electric conductivity
test, the el &nmpaationuemple)t yiteassults areshowidn Tiableshsor ption and
soldering, the electric conductivity test after. 1000 cycles of TST, and
the electric conductivity 5 test after 2000 cycles of TST. On the other
hand, all of Conparative Exanple |B showed generation of defectiveness in
the initial electric conductivity test ﬁx%l nple C Prior to carrying out
Exanpl es and Cbnparatlve Exanple t he fIWQS 10 epoxy re5|n acid

Aot Alo. '\nr\ni‘ ol Ao n.al.aor ﬁ d
1

anhydri de- baseg—edti-Rg-agent—i SEtH-e—ag e Rt -— et R G e e a0
inorganic fil M@—-&-@@é&ﬁé@g&poxy Resi n] EB?@Blﬁ%nol A epoxy| ¢QIEPn
(epoxy equival ence: 185 g/eq.) 1 Examples
1B 2B 3B 4B 5B 1B
Epoxy Resin (al) 7.0 7.0 7.0 7.0 7.0 7.0
Epoxy Resin (22) 3.0 3.0 3.0 3.0 3.0 3.0
Phenol Resin-Based 577 571 577 577 5.77 5.77
Curing Agent
Flux Active Agent (b1) 049 0.24 0 0 1.38
Flux Active Agent (b2) 6 0 0.49 0 0
Flux Active Agent (b3) 0 0 0 0.49 0
Curing Accelerator 012 012 012 012 012 0.12
Inorganic Filler 0 0 0 0 4.32 0
Test Results
Melt Viscosity (Pa*s)at 70°C | 0.37 036 059  0.65 1.1 0.48
Initial Electric 0/8 0/8 0/8 0/8 0/8 8/8
Conductivity Test
(No. of Defective/Total No.)
Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -
Test after Moisture Absorption
and Soldering
(No. of Defective/Total No.)
Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -
Test after 1000 Cycles of TST
{No. of Defective/Total No.) _
Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -
Test after 2000 Cycles of TST
(No. of Defective/Total No.)




[ Acid Anhydri de-Based Curing Agent] 4-Methyl hexahydrophthalic

anhydri del hexahydr opht hal i ¢ anhydride (weight ratio 7/3, acid equival ence:
164 g/eq.) 20 [Flux Active Agent] CH3 0 0 CH3 CH3(CH2)20CH - ac(cHZ) 4c0-
Ho( CH22CH3 25 [Curing Accelerator] 64 ZsEthyl-4-nethylimdazole
[Inorganic Filler] Spherical silica (average particle size: 0.5 m naxinal
particle size: 1.0 um 5 The evaluation nethods for the sem conductor
devices in each of Exanples and Conparative Exanple are collectively given

herei nbel ow. (1) If Whé EGfidsh@TEbCTANO d Ukt Brtanypld€$B 1arvB Soredd 16
Conductivity Test after 10 Mi sture Absorption and Sol deri ng The sane

procedures agT ehétatibh of dafecEl8dss i alPRR eeClebty IoF Yhel Bifialaslect Bt ebhdudtivity
Conductivity Test after Misture Absorption and Sol dering” in Exanple A

were carriegsplhe ew&oﬁﬁcwﬁy Rkt aﬁeﬁﬁmsma%@égﬁmﬁ@m@@mm ik, (5
EI ectric Conductivity by Thermal Shock Test (TST) The same pr ocedures as in

"Electric Copggdd c‘:’d;ﬂdﬁcﬁiht $st aFtBr W&eﬁf'ﬂﬂ%rﬁﬂ%'e@&t@@bmn&mﬁm for
usi ng 20 sem conduct or ces. Exanples 1C to 3C and Conparative Exanpl e

1C 20 Bach ofedt afRPPENT %yaésoa\msw BPihe othdbamnHOAYE @oethardtive Eadrhgleshown

in the table, and mxed in a universal stlrrlng vessel.” Next, the m xture
was filterediBshowed generation of defectiveness in the initial electric conductivity test.

Example C

Prior to carrying out Examples and Comparative Example, the following
10 epoxy resin, acid anhydride-based curing agent, flux active agent, curing

accelerator and inorganic filler were prepared.

[Epoxy Resin}
Bisphenol A epoxy resin (epoxy equivalence: 185 gfeq.)
15
[Acid Anhydride-Based Curing Agent]
4-Methylhexahydrophthalic anhydride/hexahydrophthalic anhydride (weight
ratio 7/3, acid equivaleﬁce: 164 g/eq.)

20 [Flux Active Agent]

- e I
CH,(CH,),0CH—0C(CH,),CO 3: O(CHZ)ZCH

25 [Curing Aécelerator]



with a 300 nesh filter at roomtenperature, and thereafter the filtrate was
def oaned under reduced pressure for 30 mnutes, to give a desired liquid
t hernosetting resin conposition. 25 A sem conductor device was nanufactured
in accordance with the nmethod 65 for pr@duci ng a sem conductor device
descri bed above by using each of the thernosetting resin conpositions of
Exanpl es 1C to 3C and Conparative Exanple 1C obtained in the manner
descri bed above. Specifically, as shown in Figure 4, the above-nentioned
li qui d t her nd<Ethyl-Agnethylimidagadvsi tion 7 was 5 potted on a printed circuit
board 1 (gl ass epoxy board, thickness: 1 mm. The |liquid resin conposition
was placed on a stage, and as shown in Figure 5 a sem conductor elenent 3
(thickness: 600 m size: 13 mMfmx 9 mm) was then provided with connecting
el ectrodes 2{lnengardi¢ Fillesbl der, nelting point: 183C, electrode height: 120
m on given positions of the above-nentioned liquid 10 thernosetting resin
conposi ti on 3phdtienl sdidadayerepe panizlssizerd). Svpsn,cazaximad penicle sige:ig0ad) i p chip
bonder, thereby filling an air gap between the printed circuit board 1 and
t he serfi conductor elenent 3 with a nolten resin. Subsequently, the filled
resin was subjected to solder reflow (Jedec condition) and resin curing
(conditions of 75Chtewrald@tibnusethodst foe thsemaonduwtdndevings an sachi obnduct or 15
device of which air gap was sealed with a sealing resin |layer 4 as shown in
Fi gure 1 (20ExempbsradcConpdmiive Exammplie aprapblectvklf givenadodrcifbelow.es and
Conpar ati ve Exanple). Each of the resulting sem conductor devices was
subjected to initial electric conductivity test. Further, this
sem conduct or device was allowed to absorb noisture under the environnental
condi ti ons of1}30C]niti2l0FkoticREpfductiviéd Testiars] Elottic Geonduaivityl Thst aftef | ow
(Jedec condition), and

10 Moisture Absorption and Soldering

The same procedures as in “Initial Electric Conductivity Test and Electric
Conductivity Test after Moisture Absorption and Scldering” in Example A were

carried out, except for using 20 semiconductor devices.

15 (2)  Electric Conductivity by Thermal Shock Test {(TST)
The same procedures as in “Electric Conductivity by TST” in Example A

were carried out, except for using 20 semiconductor devices.

Examples 1C to 3C and Comparative Example 1C

20 Each of components shown in Table 3 was formulated in a ratio shown in
the table, and mixed in a universal stirring vessel. Next, the mixture was filtered
with a 300 mesh filter at room temperature, and thereafter the filtrate was
defoamed under reduced pressure for 30 minutes, to give a desired liquid
thermosetting resin composition.

25 A semiconductor device was manufactured in accordance with the method



thereafter subjected to electric conductivity test. The results are shown
in Table 3. Furthernore, each of the sem conductor devices (20

sem conductor devices for each Exanple or Conparative Exanple) was

subj ected to 1000 or 2000 cycles of therngd shock test (TST: one cycle
conprising keeping at -50C 25 for 5 mnutes, and then keeping at 125C for
5 mnutes), and thereafter subjected 66 to an electric conductivity test
(20 sem conductor devices for each Exanple or Conparative Exanple). The

results are gopprodubingadbenizond@hibedevide BB b6y usibi@Ath bEthe _
Conposition arts by wei ht 1C 2C 3C J iC Epoxy Resin 100 100 100 100 Acid

Anhydr i de- BasketnidkefirbSreSintdrlpdiltidhs (BuBamipld0eQito BN Chinparabgent 5. 8
9.92 8.33 0 Curing Accelerator 0.01 0.01 0.01 0.01 Inorganic Filler 0O

80.8 0 Test 164 O\Vehthin¥d 96 Oisd fnnfidtadelcabecbatioved SpedBicallp; £k shdwa inni ti al
Electric 0/20 0/20 0/20 11/20 Conductivity Test (No. of Defective/Total

No. ) Figure 4, the above-mentioned liquid thermosetting resin composition 7 was
5 potted on a printed circuit board 1 (glass epoxy board, thickness: 1 mm). The
liquid resin composition was placed on a stage, and as shown in Figure 5, a
semiconductor element 3 (thickness: 600 pm, size: 13 mm x 9 mm) was then
provided with connecting electrodes 2 {(eutectic solder, melting point: 183°C,
electrode height: 120 um) on given positions of the above-mentioned liquid
10 thermosetting resin composition 7. Thereafter, chip mounting was carried out
using a flip chip bonder, thereby filling an air gap bet;ween the printed circuit
board 1 and the semiconductor element 3 with a molten resin. Subsequently, the
filled resin was subjected to solder reflow (Jedec condition) and resin curing
(conditions of 75°C for 30 hours), thereby manufacturing a semiconductor
15 device of which air gap was sealed with a sealing resin layer 4 as shown in
Figure 1 {20 semiconductor devices were prepared for each Examples and
Comparative Example). Each of the resulting semiconductor devices was
subjected to initial electric conductivity test. Further, this semiconductor device
was allowed to absorb moisture under the environmental conditions of 30°C,
20 60% RH for 168 hours, and then to solder reflow (Jedec condition), and
thereafter subjected to electric conductivity test. The results are shown in Table
3. Furthermore, each of the semiconductor devices (20 semiconductor devices
for each Example or Comparative Example) was subjected to 1000 or
2000 cycles of thermal shock test {TST: one cycle comprising keeping at -50°C

25 for 5 minutes, and then keeping at 125°C for 5 minutes), and thereafter subjected



El ectric Conductivity 0/20 0/20 0/20 13/20 Test after Misture Absorption
and Sol dering (No. of Defective/Total No.) Electric Electric Conductivity
/20 0 0/20 0/20 13/ 20 Test after 1000 Cycles of TST (No. of

Def ective/ Total No.) Electric Conductivityg 0/20 0/20 0/20 14/ 20 Test after
2000 Cycles of TST (No. of Defectivel/ Total No.) 5 67 1t was confirmed
fromTable 3 that Exanples 1C to 3C showed no generation of defectiveness
inall of the tests of the initial electric conductivity test, the

el ectric condoahielddiic tenductivitgrtestRe betRoalsabPltlesfd cBCH HREMBE of he
el ectric conductivity test after 1000 cycles of TST, and the electric

conduct i vi t y Cothgatatiaf Egh 0 Thecke@sltsodre Sidwn @0ThbR 1t her hand,
Conparative Exanple 1 C showed generation of defectiveness in nore than
one-hal f of the nunmber of the sem conductor devices in each test. Exanple
D 10 Prior to carrying out Exanples and Conparative Exanples, the follow ng
epoxy resin, curing agent, flux active f%) nt, mcrocapsul ated curing
accelerators and curing accel erator we To?epared. [ Epoxy Resin] 15

. _ )

Bi sphenol A epoxy resih-{-epoxy—egui-val.enc Q)

P Examples Comp.
Exam
ples

Composition (parts by weight)| 1C 2C 3C 1C
Epoxy Resin 100 100 100 100
Acid Anhydride-Based 886 886 886 | 88.6
Curing Agent
Flux Active Agent 5.8 992 833 0
Curing Accelerator 001 001 001 0.01
Inorganic Filler 0 0 80.8 0
Test Results

Melt Viscosity (Pa*s) at 3.5. 5.6 16.6 5.4

25°C
Initial Electric 0/20  0/20 €720 | 11/20
Conductivity Test
{No. of Defective/Total No.)
Electric Conductivity 0/20 0/20 0/20 | 13/20
Test after Moisture Absorption
and Soldering
(No. of Defective/Total No.)
Electric Conductivity 0/26  0/20 0/20 | 13/20
Test after 1000 Cycles of TST
(No. of Defective/Total No.)
Electric Conductivity 0/20 0/20 0720 | 14/20
Test after 2000 Cycles of TST
{No. of Defective/Total No.)




[ Curing Agent] Cresol novol ak resin (hydroxyl equival ence: 104 g/eq.) 20
[ Fl ux Active Agent] Adipic acid-cycl ohexyl divinyl ether polyner (acid
equi val ence: 269 g/nol, nolecular weight (M): 1100) [M crocapsul at ed
Curing Accelerators (a) to (d)] 25 Each ofythe m crocapsul ated curing
accelerators (a) to (d) of the followng 68 Table 4 was prepared in
accordance with the nethod descri bed above. First, each conponent shown
bel ow was prepared, and fornulated in a ratio shown in Table 4. 5

<l socyanat e Monomelt wasX¥onfismet fiydm Tablesd ﬁmﬁEkaﬁzPiH% 1€ taBCafgweti f 3 nol of
tolyl ene diisocyanate wth 1 nol of trinmethyl ol propane (75% by wei ght

sol ution) (Y)geheratidnyof defedtitieesOinulli @ﬁlh@ftes@éqof#ﬂl@liﬁiua%la%tri@éorﬁfucﬁﬂtgne
diisocyanate with 3 nol of trinethylolpropane (75% by weight soluti 10

(Z) Pol yphenytesthehepsibstiizeonanaivty ﬁmwﬁﬁﬂﬁhr@h@dﬂ%&ﬂﬁﬁd s@x@tbﬂﬁg the
<Di spersion Stabilizer> Polyvinyl alcohol (PVA) ring Accel efat or>

Tri phenyl phosqlegtrie conéidtiviBOedtaft N0 2§63 08 TST, dhl She SlecRid¥dRRRmELlPRY
i socyanat e nononer and
5 test after 2000 cycles of TST. On the other hand, Comparative Example 1C
showed generation of defectiveness in more than one-half of the number of the

semiconductor devices in each test.

Example D

10 Prior to carrying out Examples and Comparative Examples, the following
epoxy resin, curing agent, flux active agent, microcapsulated curing accelerators

and curing accelerator were prepared.

[Epoxy Resin]
15 Bisphenol A epoxy resin (epoxy equivalence: 185 g/eq.)

[Curing Agent]
Cresol novolak resin (hydroxy! equivalence: 104 g/eq.)

20 {Flux Active Agent]
Adipic acid-cyclohexyl divinyl ether polymer (acid equivalence: 269 g/mol,
molecular weight (Mn): 1100)

[Microcapsulated Curing Accelerators () to (d)]

25 Each of the microcapsulated curing accelerators (a) to (d) of the following



tri phenyl phosphi ne (TPP) were honobgeneously dissolved in toluene to prepare
an oil phase. Next, a water phase conprising distilled water and pol yvi nyl
al cohol (PVA) was separately prepared, and the oil phase prepared above was
25 added to the water phase. The m xture 68s emulsified into an emul sion
state 69 wth a honom xer. The resulting m xture was charged in a

pol yneri zation reactor equipped with a reflux tube, a stirrer, and a
dropping funnel. On the other hand, an aqueous sol uti on cont ai ni ng

di et hyl enet r i Babilad e piepares inpcemalance wathdhe et idesesibsd bbb vanFisets
charged in the dropping funnel provided 5 to the pol ynerization reactor.
The aqueous swchtdosrponzst s belospwis preparddyend Gorahidated in 2 rhtie shewatiar to
carry out interfacial polynerization at 70C for 3 hours, to give an
aqueous suspehatiled.of a m crocapsul ated curing accel erator. Subsequently,
pol yvi nyl al cohol and the Iike in the aqueous phase were renoved by
centrifugation, and thereafter distilled water was added to re-di sperse the
10 m xture, to give a suspension. The pH of this suspension was adjusted to
3 by addi ng <lisopydnsée Momoireraci d to t he suspension system By the above
procedures, there was prepared a m crocapsul ated curing accel erator of

whi ch ani no d@upsAnethyl heetateeddlutior dbaeaddutt bh8 maltofroBllerdddiiseeianme e

bl ocked with form c acid. The m crocapsul ated curing accel erator was

subj ect ed t o wighdtmol obtrimethyivdmbopand (75% depasight soutiyh)cent ri f ugati on and
washing with water, the m crocapsul ated curing accelerator was then dried

to be isol at d¥)as Anpthydacstapasolittdreohay adduct 0£8 mdllofwaiidel difsocThmt@ver age
particle size, the shell thickness and the core content of the resulting
mi cr ocapsul atvedh Sunthef @mircethgiodgropams €759hbwwdightkabltiord. 20 70

10 (Z) Polyphenylene polyisocyanate

<Polyamine>

Diethylenetriamine

15 <Dispersion Stabilizer>

Polyvinyl alcohol (PVA)

<Curing Accelerator>
Triphenylphosphine (TPP)
20
An ethyl acetate solution of a prescribed isocyanate monomer and
triphenylphosphine (TPP) were homogeneously dissolved in toluene to prepare
an oil phase. Next, a water phase comprising distilled water and polyvinyl
alcohol (PVA) was separately prepared, and the oil phase prepared above was

25 added to the water phase. The mixture was emulsified into an emulsion state



Tabl e 4 Conposition (parts by wei ht (a) b) (c) (d) |socyanate Mononer (X)
57.7 153.4 |socyanate Mononer (Y) 134.1 38.4 38.4 143.9 |socyanate Mnoner
(Z2) 115.1 143.9 Polyamne 28.8 28.8 28.8 28.8 28.8 Dispersion Stabilizer
24 24 24 Curing Accelerator 61.7 61.7 61569 61.7 61.7 Toluene 16 16 16 16
16 Distilled Water 516 516 516 516 516 Average Particle Size (tm of 3 3
3 33 Mcrocapsul ated Curing Accelerator Shell Thickness (gm) of 0.4 0.4
0.4 0.4 0.4 Mcrocapsul ated Curing Accelerator Core Content (% by weight)
30 30 30 30 Wwithe herhomixaro Esgesulting nOutire waschbeatged an arpolyrderizatipn
Accel erator] Tryphenyl phosphine 5 Exanples 1D to 4D and Conparative
Exanpl es 1D adto? BqEipped ofithca ngftrreiubs, & stdwer, amd 7 dpdppisg feme.oOntbated in a
ratio shown in the table, and mxed in a universal stirring vessel at 80C
Next, the mi sther bandsn aqueous solution containing diethylenetriamine (DTA) was

prepared, and the aqueous solution was charged in the dropping funnel provided

5 to the polymerization reactor. The aqueous solution was added dropwise to the

emulsion in the reactor to carry out interfacial polymerization at 70°C for 3 hours,

to give an aqueous suspension of a microcapsulated curing accelerator.

Subsequently, polyviny! alcohol and the like in the aqueous phase were removed

by centrifugation, and thereafter distilled water was added to re-disperse the

10 mixture, to give a suspension. The pH of this suspension was adjusted to 3 by

adding dropwise formic acid to the suspension system. By the above procedures,

there was prepared a microcapsulated curing accelerator of which amino groups

on the shell surface and the internal thereof were blocked with formic acid. The

microcapsulated curing accelerator was subjected to repetitive treatments of

15 separation by centrifugation and washing with water, the microcapsulated curing
accelerator was then dried to be isolated as a powdery particle having free
flowability. The average particle size, the shell thickness and the core content of

the resulting microcapsulated curing accelerator are shown in Table 4.

20



filtered with a 4

00 nesh filter, and t

hereafter the filtrate was def oaned

under 10 reduced pressure for 30 mnutes, to give a desired thernosetting
resin conposition for sealing sem conductor. The reaction exotherm c peak
71 tenperature of each of the resulting yhernosetting resin conpositions

was determned b

avai l abl e from Perki n-El ner

rate of 10C as d

y using differenti al

escri bed above. 5 Usi

scanning calorinmeter (commercially
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conposition of each of Exanples 1D to 4Q@Pﬁ" Conpar ati ve Exanpl es 1D and

2D obt ai ned above,

was carried out
conposition 7 wa
with pre-flux (co
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ol der was conducted. The test
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ed er t sur e-treated
ffS@.ﬁ‘l Tai$drda Kaken, 10 WLF16), and the
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ed to a thernosetting resin

r@88n cohPosid8dns 288 al2®8ed to
wher N t he hot plate was adjusted

he24hot ?ate s adjusted to 240C for

i gn7andgcennegty on.gifhe ngyrper of

the test sanple as shown in Figure 8

betdveen ¥he cdhnect 88 sol dér balls 6

Qg er g, glet egyi nedy, Lo eypl uate the

Average Particle Size (um) of
Microcapsulated Curing
Accelerator

3 3 3 3 3

Shell Thickness (ym) of
Microcapsulated Curing
Accelerator

0.4 0.4 0.4 04 0.4

Core Content (% by weight)
of Microcapsulated Curing
Accelerator

30 30 30 30 30

{Curing Accelerator]

Tryphenylphosphine

Examples 1D to 4D and Comparative Examples 1D and 2D

Each of components shown

in Table 5 was formulated in a ratio shown in

the table, and mixed in a universal stirring vessel at 80°C. Next, the mixture was

filtered with a 400 mesh filter, and thereafter the filtrate was defoamed under

10 reduced pressure for 30 minutes, to give a desired thermosetting resin

composition for sealing semiconductor. The reaction exothermic peak



Tabl e 5 Exanpl es Conp. Examles Conposition (parts by weight) 1D 2D 3D 4D
1D 2D Epoxy Resin 150.8 150.8 150.8 150.8 150.8 150.8 Phenolic Resin 80
80 80 80 80 80 Mcrocapsulated Curing 3.2 Accelerator (a) M crocapsul at ed
Curing 3.2 Accelerator (b) Mcrocapsulated Curing 3.2 Accelerator (c)

M crocapsul ated Curing 3.2 Accelerator (d) Mcrocapsulated Curing 3.2
Accel erator (e) Curing Accelerator (TPP) 0.96 Flux Active Agent 12.4 12.4
12.4 12.4 12.4 12.4 Test Results DSC Peak Tenmp. (C) 186 193 228 247 160

175 No. of Cemperitinenst {268 oBrhamsDlingBérRoskenbOred® cbingd¥itiéhsipdd 7/ 10
(No. of Connections/Total No.) Average Contact Angle () of 17 12 11 11 23

21 Connect edleSirhdeed b?fﬁsﬁig dffeRintialNecandingaNogslkice (SohART&ally avalaié 10
10/10 10/10 0/10 0/10 of Connections/ Total No.)
from Pcrkm—Elmer under the trade name of PyTis), at a heatmg rate of 10°C as
described above.
5 Using the thermosetting resin composition of each of Examples 1D to 4D
and Comparative Examples 1D and 2D obtained above, the wettability test of
solder was conducted. The test was carried out as follows. As shown in Figure 6,
a thermosetting resin composition 7 was applied to pre-flux-coated copper plate
5 surface-treated with pre-flux (commercially available from Tamura Kaken,
10 WLF16), and the resulting copper plate was mounted on a hot plate at 80°C. As
shown in Figure 7, ten solder balls 6 [commercially available from Senju
Kinzoku, 63 Sn-37 Pb solder (melting point: 183°C), or Sn-Ag solder (melting
point: 220°C), ball diameter: 500 um] were added to a thermosetting resin
composition 7. Each of the ball-added resin compositions was allowed to stand
15 on a hot plate for one minutes, wherein the hot plate was adjusted to 200°C for
63 Sn-37 Pb solder, and the hot plate was adjusted to 240°C for Sn-Ag solder, to
carry out solder fusion and connection. The number of connections of the solder
balls 6 of the test sample as shown in Figure 8 thus obtained, and a contact angle
0 between the connected solder balls 6 and the pre-flux-coated copper plate 5

20 - were determined, to evaluate the wettability of the solder.



Average Contact Angle () of 48 47 38 36 - - Connected Sol der (Ag-Sn) 73 It
was shown from Table 5 that Exanples 1D to 4D showed nore excell ent
wettability of solder balls to copper plate and higher connection ratio as
conpared to those of Conparative Exanpl esyidD and 2D in the sol der
connection test. Further, Exanples ID to 4D had a reaction exotherm c peak
as determned 5 by differential scanning calorineter on a high-tenperature
side, as conpared to those of Conparative Exanples 1D and 2D. Therefore,
it was confirnmed that the reaction exo,i,h@rgc peak of the thernobsetting
resin conposition in the differential $8%fiming calorimetric deternination
can be cont+ett-ed—by—prepertyp—m=sel-eetdng-t-he—corposi-tion—-of-—t-he-shellu
portion of the microcapsul ated curing 10_accBxasmplesor | n addiGanem Exemplese
sol der conndéampositioadparts bysweighthecli oiDrati 8Dwas 3bre edzelll et for 2Ahe

t her noset t i rEpoxgResinconposi tion of | W0 r 48081 onsosxot 15&x8ic 1PE8kK epg'og S

on a hi gher ture region thanp the nelting point of tre sol der.
EQUI VALENT ﬂi’@r@f‘eé i nvention bei n%f) t hus 8escri®ed, 80 wijl | 8Be ob\ﬁloous

that the Smrﬂ?%sﬁed’@ﬁf in nmapy 4Mys. Such variations clre not to be

regarded as (% re T}romthe $pirit and scope of the invention, and
all such no Icatio as woul d be obvious to one skilled iin the art are
i nt ended t o MikzrocapsuldtediCutighi n  20{ t he scopg2of the followi ng claims. 74 |
P00~ 1~ tAdcklefatdrd(®} i i 11  WHAT |5 CLAIMED |'S: 1.
Microcapsulated Curing 3.2
Accelerator (c)

Microcapsulated Curing 3.2
Accelerator (d)

Microcapsulated Curing 3.2
Accelerator {e)

Curing Accelerator (TPP) 0.96
Flux Active Agent 12.4 124 12.4 124 124 12.4

Test Results
DSC Peak Temp. (°C) 186 193 228 247 160 175

No. of Connections (63 Sn-37 Pb)| 10/10  10/10 10/10 10/10 | 2/10 7/10
{No. of Connections/Total No.)

Average Contact Angle (°) of 17 12 11 11 23 21
Connected Solder (63 Sn-37 Pb)

No. of Connections (Ag-Sn) 3/10 4/10  10/160 10/10 | 0©/10 0/10
(No. of Connections/Total No.)

Average Contact Angle (°) of 48 47 38 36 - -

Connected Solder (Ag-Sn)




A sheet-like thernosetting resin conposition usable for sealing a gap
formed between a printed circuit board and a sem conductor elenent in a 5
sem conduct or package having a face-down structure, conprising a conmpound
havi ng the general formula (1): R1-(COO€H(CH3)--OR2)n (1) 10 wherein n
is a positive integer; R is a nonoval ent or higher polyval ent organic
group; and R2 is a nonoval ent organic group, wherein R and R2 may be
identical or different, or a conpound having the general fornmula (2): 15
CH2=CH O R4- O CH( Qti$)as[sb®nReore@ab{d €idd Ex@niplesaD to 4D showed more
CH(CH3)},,7-0CO-R3-COO-CH(CH3)-O R4-O-CH=CH2 (2) wherein nis a positive
I nteger; eaclexetlléid wetthtitty of saldbr\balletd copreaplae gndhipher vhmieetionfkdtians R4
may be identical or different. 20 2. The sheet-like thernosetting resin

conposi tion age@faed@ tHose lbfiOBniparative BXariglep Dsasl 2D i eeodolder @inBetien a
curing agent. 3. A thernosetting resin conposition usable for sealing a gap

formed 25 bettggerFuatter, Biagples 1 Duot4Ibaad d réadiod exetfice@ivipeikods ddtemginedi n a
sem conductor 75 | JIIPI1i111111111111111J1 111 ¢ i Ms package having a

face- dogn st ryycdififeeentid RPdrng daloAmetRVtya hidhil @ mparaersidd, @s cosipardihged

curing agent and a conpound having the general formula (1): 5
those of Comparative Examples 1D and 2D. Therefore, it was confirmed that the
reaction exothermic peak of the thermosetting resin composition in the
differential scanning calorimetric determination can be controlled by properly
selecting the composition of the shell portion of the microcapsulated curing

10 accelerator. In addition, in the solder connection test, its connection ratio was

more excellent for the thermosetting resin composition of which reaction

exothermic peak exists on a higher temperature region than the melting point of

the solder.

15 EQUIVALENT
The present invention being thus described, it will be obvious that the
same may be varied in many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are intended to be included within

20 the scope of the following claims.



R1-(COO-CH(CH3)-O-R2)n (1) wherein nis a positive integer; RLis a
nonoval ent or hi gher pol yval ent organic group; and R2 is a nonoval ent
organi ¢ group, wherein Rl and R2 may be 10 identical or different, or a
conpound having the general formula (2): 74

CH2=CH O- R4- O CH(CH3) - [ OCO- R3- COO- CH(CH3) - - O- R4- O CH( -

OCO- R3-COO-CH(CH3)-O-R4-O-CH=CH2 (2) 15 wherein n is ajlj mﬂw”umﬁm
each of R3 and R4 is a divalent organic group, wherein )

i dentical or WHABrEhCLAIMEBRe ISher nosetting resin conposition adcofdihg to
claim3, wherein the 20 thernosetting resin conposition has a nelt
viscosity of 100 Pass or less at 70C, and is solid at 25C. 5. A process
for manufacturing a sem conductor device conprising the steps of: 25

appl yi ng t he It her oskddtilixg thesnaseningpesintdoanpaiticy @ablefor @edlingod ebp
111111121121211 11iji111111 76 s dicing the coated wafer into 1ndividual

chips, and darmgd betwaigh acrimtedoliotit beardendA fpmvicesdudieielemprfidcdi uring a
sem conduct or device conprising the steps 5 of: applying the thernosetting

resin chnposistmicomluctirpackdse Imvingatse dowh siri@uidhe coated wafer into
i ndi vi dual chips, and carrying out chip-nounting.
comprising a compound having the general formula (1):

R'-(COO-CH(CH;)}-0-R?), (1)

10 wherein n is a positive integer; R' is a monovalent or higher polyvalent organic
group; and R? is a monovalent organic group, wherein R' and R* may be
identical or different, or

a compound having the general formula (2):

15 CH,=CH-0-R*-0-CH(CH;)}~[OCO-R*~COO-CH(CH;)-0-R*-0O-
CH(CH,)],-~OCO-R*~-COO-CH(CH;)-0-R*-0O-CH=CH, (2)

wherein 1 is a positive integer; each of R® and R? is a divalent organic group,
wherein R? and R* may be identical or different.

20
2. The sheet-like thermosetting resin composition according to claim 1,

which comprises a phenolic resin as a curing agent.

3. A thermosetting resin composition usable for sealing a gap formed

25 between a printed circuit board and a semiconductor element in a semiconductor



10 7. A thernosetting resin conposition conprising: an epoxy resin, an
aci d anhydri de-based curing agent and a conpound havi ng the general fornula
(1): 15 R-(COOCHCGRB)-OR2)" (1) wherein nis a positive integer;

a nonoval ent or higher polyval ent organi ¢z group; and R2

organi c group, wherein R and R2 may be identical or dif lmﬂumllmﬁﬂﬂ gm
conpound having the general formula (2):

CH2=CH O R4- O CH(CH3) - [ OCO- R3- COO- CH( CH3) - O R4- O

CH(CH3) 1" egiﬁa %@;ﬁg—ﬁg@mmﬁ@m@—e@gn@@g 25 wherein n is a positive

i nt eger; is a dival ent organic group, 11111 11hJ till
1111111 11 44 epBRY9edinR3 and R4 may be identical or different, and wherein
the thernosetting fesin conposition is liquid at 25C. 8. A thernosetting

resin COWDOS'at;ﬂféﬂoﬁéﬁ'éﬁih-%ch&u%% geANa@POXy resin having at |east two
epoxy groups i'n 1ts nolecule ( a curing agent (© a conpound havi ng

t he gener al B%Mﬁznﬁlﬁavm ﬁgé&g@imnp (1) 10 wherein nis a

positive integer;” Rl is a nDnova ent or higher ponvaIent or gani ¢ group;
and R2 ¢§s a nonoval ent organic group, wherein Rl and R2 may be identical
or different, or a conpound having the general fornmula (2):

R'-(COO-CH(CH,)}-0-R?), (1)

wherein n is a positive integer; R' is 2 monovalent or higher polyvalent organic
group; and R? is a monovalent organic group, wherein R' and R® may be
10 identical or different, or

a compound having the general formula (2):

CH,=CH-O-R*-0-CH(CH;)}-[0CO-R*~COO-CH(CH;}-0-R*-O-
CH(CH3)},,-—0CO——R3—-COO—CH(CH3)—-O—R4-O—CH=CH2 )]
15
wherein n is a positive integer; each of R® and R* is a divalent organic group,

wherein R? and R* may be identical or different.

4. The thermosetting resin composition according to claim 3, wherein the
20 thermosetting resin composition has a melt viscosity of 100 Pa*s or less at 70°C,

and is solid at 25°C.

5. A process for manufacturing a semiconductor device comprising the steps
of:

25 applying the thermosetting resin composition of claim 3 to a wafer,



15 CH2=CH O R4- O CH( CH3) - [ OCO- R3- COO- CH(CH3) - O- R4- O CH(CH3) ]

OCO- R3- COO- CH(CH3) - O R4-O- CH=CH2 (2) wherein n is a positive integer; each
of R3 and R4 is a divalent organic 20 group, wherein R3 and R4 may be

i dentical or dmm I“IIJH"MJ ) a nicro psul ated curing accel erator
conprising a c rising a c ring accelerator, and a shell
portion formed S0 as ‘to"cover” the core portion, the shell portion
conprising a polymer having a structural unit represented by a general

formula (3): ngl%{%éaﬁ%g&ﬁqhﬁ) léa)vﬂl?al Cb /;ﬂdllll | ~11111211hi 2ii1111 CL

S wherein eac rogen atom or a nonoval ent organic

group, wherei.§ gﬁ@ﬁﬂﬂcﬁg% g|dent|cal or different, wherein the
thernDsettlng r Sitlon®has a reaction exothermic peak of 5 180 to
250C with a progranming rate of 10Cmn in the differential scanning
calorimetric determnation. 9. A sem conductor device conprising: a
printed C|rc t b ] {.ng
Fesin compos i on optSSes S SfRCARAE b SemECaEaor dBRe WA T Shons

formed betwe the printed circuit board and the sem conductor elenent is
seal ed by the 't her nosetting resin conposition.

applying the thermosetting resin composition of claim 4 to a wafer,

dicing the coated wafer into individual chips, and

carrying out chip-mounting.

10 7. A thermosetting resin composition comprising:
an epoxy resin,
an acid anhydride-based curing agent and

a compound having the general formula (1):
15 R'~(COO-CH(CH;)-0-R%), (1)

wherein n is a positive integer; R' is a monovalent or higher polyvalent organic
group; and R? is a monovalent organic group, wherein R! and R® may be
identical or different, or

20 a compound having the general formula (2):

CH,=CH-0-R*-0-CH(CH;)-[OCO-R*~-COO-CH(CH;)-O-R*-O-
CH(CHj)];~OCO-R*~COO-CH(CH;)-0-R*-~0-CH=CH, )

25 wherein n is a positive integer; each of R® and R* is a divalent organic group,



10

15

20

T —

wherein R? and R* may be identical or different, and

wherein the thermosetting resin composition is liquid at 25°C.

(A)
(B)
©

)

A thermosetting resin composition comprising:
an epoxy resin having at least two epoxy groups in its molecule,
a curing agent,

a compound having the general formula (1) :

R'«(COO~CH(CH;)~0-R?, (1)

wherein n is a positive integer; R' is 2 monovalent or higher polyvalent
organic group; and R* is a monovalent organic group, wherein R* and R?
may be identical or different, or

a compound having the general formula (2):

CH,=CH-0-R*-O-CH(CH,)-[OCO-R*~COO-CH(CH;)-0-R*~
O-CH(CH;)],~OCO-R*-COO-CH(CH;)-O-R*-0-CH=CH, (2)

wherein n is a positive integer; each of R’ and R* is a divalent organic
group, wherein R’ and R* may be identical or different; and

a microcapsulated curing accelerator comprising a core portion
comprising a curing accelerator, and a shell portion formed so as to cover
the core portion, the shell portion comprising a polymer having a
structural unit represented by a general formula (3):

~N(R*-CO-N(R%)- (3)



10

78 A o

* Cc L [ "

wherein each of R and R® is hydrogen atom or a monovalent organic
group, wherein R® and R® may be identical or different,
wherein the thermosetting resin composition has a reaction exothermic peak of
180° to 250°C with a programming rate of 10°C/min in the differential scanning

calorimetric determination.

9. A semiconductor device comprising:

a printed circuit board,

a semiconductor element, and

the thermosetting resin composition of any one of claims 1 to 4, 7 and 8, wherein
a gap formed between the printed circuit board and the semiconductor element is

sealed by the thermosetting resin composition.



