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RESIN COMPOSITION FOR SEALING SEMICONDUCTOR,
SEMICONDUCTOR DEVICE USING THE SAME,

SEMICONDUCTOR WAFER AND

MOUNTED STRUCTURE OF SEMICONDUCTOR DEVICE
5

BACKGROUND OF THE INVENTION .
Field of the Invention

The present invention relates to a resin composition for sealing a :
seﬁcondu&or device, which is an epoxy resin-based sealing material showing a
10 low viscosity at é";'elatii/ely low temperature of 80°C or less, the resin
compdsition especially being e"x“c.e_l'lent' in discharging and coating workability
“and in storage stability, -and a senﬁéonductor device using the resin composition,
" a semiconductor wafer, and a mounted structure of a semiconductor device.

15

D_is"cussion of the Related Art

Conventionally, 1n the séﬁﬁéq_nductor sealing by such means of TAB
(tape automated bonding) and .COBI (chip on board), a liquid sealing material has
been used. The above-mentioned iiquid sealing material is usually used at room
temperature (25°C), and a semiconductor device is produced by resin-sealing a
20 semiconductor element by a diépenser or printing. As the liquid sealing material

described above, an epoxy resin composition comprising a liquid epoxy resin, an

“acid anhydride-based curing agent and a usual curing accelerator has been
geﬁerally knqwn.

However, the liquid sealing material as described above easily liquefies
25

because of the use of the acid anhydride-based curing agent as a curing agenf.
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Consequently, there arise some problems such that the quuid sealing material has
a high moisture tolerance ratio, so that its moisture tolerance reliability is
impaired, even though the liquid sealing material is poor in dischargeability and
coating workability. In 'addition,. the above-mentioned liquid sealing material is
poor in storage stability because of being liquid at room temperature, and its
viscosity gradually greatly in_creasés during storage at room temperature.
Therefore, there is a necessity to provide a special storage means for solidifying
the resin by freezing during storage. '

In view of the problems described above, an object of the present
invention is to provide a resin composition for sealing a semiconductor device
which is excellent not only in moistuie tolerance reliability and in storage
stability but also in dischargeability and céaﬁng workability, and a
semiconductor device uSing the resin composiﬁoﬁ, a semiconductor wafer, and a
mounted structure of a semiconductor device.

These and other objects of the present invention will be apparent from the

following description.

SUMMARY OF THE INVENTION _
As a result of intensive studies with the aim to obtain a material for

- sealing a semiconductor device which is excellent not only in moisture tolerance

reliability and in storage stability but also in dischargeability and coating
workability, the present inventor has found that a desired object can be achieved
by ilsing a resin composition comprising an epoxy resin, a phenolic resin and a
latent curing accelerator, the resin composition having a specified viscosity at

each temperature of 25°C and 80°C for the application of a semiconductor
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sealing.
Specifically, in a first gist, the present invention provides a resin
compos_ition for sealing a semiconductdr device comprising:
(A) an epoxy resin;
B) a .phenolic resin; and

(C) alatent curing accelerator,

* wherein the resin composition is a solid at 25°C or has a viscosity of not less

than 400 Pass at 25°C and of not more than 200 Pass at 80°C.

Also, a second gist of the present invention provides a semiconductor
device comprising: |

a wiring circuit substrate;

plural connecting electrodes;

a semiconductor element mounted on the wiring circuit substrate via the
plural connecting eledrodes; and

a sealing resin layer formed with the resin composition, wherein a gap
between the wiring circuit substrate and the semiconductor element is sealed by
the sealing resin layer.

- Further, a third gist of the pre'sent invention provides a semiconductor
device comprising:

a wiring circuit substrate;

a semiconductor element mounted on the wiring circuit substrate, wherein
the wiring circuit substrate and the semiconductor element are electrically
connected; and

an encapsulatibn resin layer formed with the resin composition defined

above, wherein the semiconductor element is incorporated in the encapsulation
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resin layer, thereby encapsulating the periphery of the semiconductor element.

Moreover, a fourth gist of the present invention provides a mounted
structure of a semiconductor device comprising:

an external substrate for mounting;

a semiconductor device mounted on the exteinal substrate for mounting;
and

a sealing resin layer formed with the resin composition defined above,

wherein a gap between the external substrate for mounting and the

_semiconductor device is sealed by the sealing resin layer.

Furthermore, a fifth gist of the present invention provides a semiconductor

- wafer comprising plural semiconductor elements arranged with projected

electrodes on one side of the wafer, and a sealing resin layer having a given
thickness made of the resin composition defined above, wherein the sealing resin
layer is formed on the projected electrode-arranged side such that at least a tip
end of the projected electrodes is exposéd from the encapsulation resin layer.

A sixth gist of the present invention provides a semiconductor device
comprising:

aﬁ external substrate for mounting;.-

a semiconductor element individually obtained by cutting the
semiconductor wafer defined above, wherein the external substrate and the
semiconductor element are electrically connected by heat-and-pressure fusing or
solder reflow in a state where a resin layer-forming side of the semiconductor
clement faces the external substrate; and |

a sealing resin layer formed between the semiconductor element and the

external substrate by thermally curing the resin layer.



10

15

20

25

A seventh gist of the present invention provides a semiconductor device
comprising:

a matrix-like wiring circuit substrate comprising individual wiring
circuits;

plural semiconductor elements mounted on the wiring circuit substrate;
and

an encapsulation resin layer formed with the resin composition defined
above on the entire plural semiconductor elements, wherein the semiconductor
element is incorporated in the encapsulation resin layer, thereby encapsulating

the periphery of the semiconductor element.

DETAILED DESCRIPTION OF THE INVENTION

Next, the embodiments of the present invention will be described in detail
below. |

The resin composition for sealing a semiconductor device (hereinafter
simply referred to as “resin composition™) of the present invention comprises:.
(A) an epoxy resin; |
(B)  aphenolic resin; and
(C) alatent curing accelerator,
wherein the resin composition is a solid at 25°C or has given viscosities at each
temperature of 25°C or 80°C. |

In the resin composition of the present invention, the combinations of the
essential constituents the epoxy resin (the céomponent A) and the phenolic resin

(the component B) can be roughly classified into the following embodiments by

the characteristics of the epoxy resin and the phenolic resin.
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The First Embodiment is'an embodiment where a liquid epoxy resin as the
epoxy resin (the component A) is used in combination with a solid phenolic resin
as the phenolic resin (the component B);. the Second Embodiment is an
embodiment where a solid epoxy resin as the epoxy resin (the component A) is
used in combination with a liquid phenolic resin as the phenolic resin (the
component B); and the Third Embodiment is an embodiment where a solid
epoxy resin as the epoxy resin (the component A) is used in combination with a
solid phenolic resin as the phenolic resin (the component B).

Incidentally, an embodiment where a liquid epoxy resin as the epoxy resin

(the component A) is used in combination with a liquid phenolic resin as the

phenolic resin (the component B) is not preferred as the resin composition of the -
present invention, because the viscosity is likely to undergo chahges during
storage at room temperature.

In addition, as to the remaining latent curing accelerator (the
component C) and other additives as optional components, those which are in
common for all of the above-mentioned three embodiments can be used.

First, the First Embodiment, which is a resin composition comprising a
liquid epoxy resin as the epoxy resin (the component A) and a solid phenolic
resin as the phenolic resin (the componeﬁt B), will be described.

The above-mentioned liquid epoxy resin is not particularly limited, as
long as it is liquid at 25°C (room temperature), and various epoxy resins can be
used. Concrete examples ﬁereof include bisphenol F epoxy resins, bisphenol A
epoxy resins, alicyclic epoxy resins, allylated bisphenol epoxy resins, and the
like. These liquid epoxy resins can be used alone or in admixture of two or more
kinds. Incidentally, the term “liquid epoxy resin” as used herein not only refers
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o those which are liquid at 25°C when used alone as a matter of course, but also

encompasses thdse which are liquid at 25°C as a final epoxy resin component
when used in admixture of two or more kinds.

The above-mentioned liquid epoxy resin in the present invention
preferably has an epoxy equivalence of 110 to 220 gfeq., especially an epoxy
equivalence of 140 to 200 g/eq. |

On the other hand, the above-mentioned solid phendlic resin is not
particularly limited, as long as the phenolic resin is capable of acting as a curing
agent for the above-mentioned liquid epoxy resin and is solid at 25°C (room
temperature), and various phenolic resins can be used. Also, an acid anhydride-
based curing agent such as teb:éhydrophthalid acid anhydride, hexahydrophthalic _
acid anhydride, methy]hexahydrophthalic acid anhydride, or phthalic anhydride;
an amine; and a phthalic acid may be used together therewith in an amount so as
not to hinder the desired object of the present invention. Concrete examples of
the above-mentioned solid phenolic resin include polyfunctional solid phenolic
resins, bisphenol resins, naphthalene phenolic resin, phenol novolak resin,
triphenylmethane pheno]ié resin, terpene phenolic resin, terpene diphenolic resin,
dihydroxynaphthalene resins, allylated phenolic resin, acetylated phenolic resins
and the like. These solid phenolic resins can be used alone or in admixtﬁre of
two or more kinds. . |

'Here, the term “polyfunctional solid phenol resin” refers to a solid
phenolic resin having at least one aromatic rihg having two or more phenolic
hydroxyl groups, a total number of phenolic hydroxyl groups in its molecule
being 3 or more, and at least two aromatic rings in its molecule. The

polyfunctional solid phenol resin includes, for instance, trifunctional solid
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phenolic resins, tetrafunctional solid phenolic resins, pentafuncﬁbn_al solid
phenolic resins, and the like. In the case where the polyfuncﬁonai solid phenolic
resin is used, those having a number-average molecular weight of 450 or less are
preferred. Incidentally, the term “solid phenolic resin” as used herein not only
refers to those which are solid at 25°C when used alone as a matter of course, but
also encompasses those which are solid at 25°C as a final phenolic resin
component when used in admixture of two or more kinds.

' Among the above-mentioned solid phenolic resins, the trifunctional solid
phenolic resin includes, for instance, phenolic resins each haviné the structure

represented by one of the following general formulas:

"Rs OH
: Ry
Rs l OH
C
|
R4
Rs OH
Rs - OH
Rs
HO~. | . OH
(l: .
Rq Re
Rs

In each of the above-mentioned general formulas, each of R3- to R—,, which
may be identical or differen-t, is hydrogen atom or methyl group.

Among the above-mentioned solid phenolic resins, the tetrafunctional
solid phenolic resin includes, for instance, phenolic resins each Having the

structure represented by the following genefal formula:
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In the above-mentioned genei'al formula, each of R3 to Ry, which may be

identieal or different, is hydrogen atom or methyl group.

Rq HO Ol
’ Rs 'Rs
10 | HO ] ]
_ : C -C
| |
' : . R, . Rs
' - Ra ‘0

~

Rio

In the above-mentioned general foimula, each ef Rj; to Ryp, which may b.e
15 identical or different, is hydrogen atom or methyl group.
Among the above-mentioned solid phenolic resins, the pentafunctional
solid phenolic resin includes, for instance, phenolic resins each having the

structure represented by the following general formula:

ol

In the above-mentioned ge_neral formula, each of R3 to Ryp, which may be
25 . identical or different, is hydrogen atom or methyl group.
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The above-mentionied solid phenolic resin preferably has a hydroxyl
group equivalence of 30 to 260 g/eq., and a softening point of 40° to 100°C or a

‘melting point of 50° to 210°C, especially a hydroxyl group equivalence of 50 to

110 g/eq., and a softening point of 60° to 90°C or a melting point of 70° to
190°C. |

Also, in the First Embodiment, the formulation proportion of the liquid
époxy resin and the solid phenolic resin is such that the hydroxyl group in the
solid phenolic resin is adjusted to preferably 0.6 to 1.4 eq., more preferably 0.7
to 1.1 eq., per one eq. of the epoxy group in the liquid epoxy resin.

In the First Embodiment, in the above-mentioned combination of the
liquid epoxy resin with the solid phenolic resin, it is preferable to use, for
instance, the combination of the bisphenol F epoxy resin with the polyfunctional
solid phenolic resin, from the viewpoints of fluidity, heat resistance and
thermosetting property.

Next, the Second Embodiment, which is a resin composition comprising a
solid epoxy resin as the epoxy resin (the component A) and a liquid phenolic
resin as the phenolic resin (the component B), will be described. |

The above-mentioned solid epoxy resin is not particularly limited, as long
as the epoxy resin is solid at 25°C (room temperature), and various epoxy resin
can be used. Concrete examples of the solid epoxy resin include polyfunctional
solid epoxy resins, crystalline epoxy resins, bifunctional solid epoxy resins,
triglycidyl isocyanurate, and the like. These solid epoxy resins can be used alone
or in admixture of two or more kinds. Here, the term “polyfunctional solid
epoxy resin” refers to a solid epoxy resin having a total number of epoxy groups

of 3 or more in its molecule. Concrete examples of the polyfunctional solid
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epoxy resin described above include tetrafunctional naphthalenic epoxy resins,
triphenylmethane epoxy resins, -dicyclopentadiene epoxy resins, “TECHMORE
VG3101L” manufactured by Mitsui Chemical, orthoc;resol ngvolak epoxy resins,
and the like. |

In addition, the term “crystalline epoxy-resin” refers to a solid epdxy resin
which has a large number of crystal peaks as determined by X-ray diffraction, |

the epoxy resin has physical characteristics such that the epoxy resin has a sharp .

melting point by X-ray diffraction, and a dramatically lowered viscosity owing to
almost no interactions between the molecules during melting. Concrete
examples of the crystalline epoxy resin include bisphenol epoxy resins, biphenyl
epoxy resins, stylbene epoxy resins, and the like. Incidentally, the term “solid |
epoxy resin” as used herein not only to r?fers those which are solid at 25°C when
used aione as a matter of course, but also encompasses those which are solid at
25°C as a final epoxy resin component when used in admixture of two or more |
kinds. |

Among the above-menﬁoned solid epoxy resins, the tetraﬁmctional

naphthalenic epbxy resin includes, for instance, one commercially available

under the trade name of EXA-4701 (manufactured by DAINIPPON INK &

CHEMICALS, INC.), which is represented by the following formula:

0 0
4
CH zkﬂ "CH: '0 _ 0 'CH:"‘C{'EHz
CH,
CH.-CH-CH.-0 0-CH«-CH-CH,
N/ N/

0
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Among the above-mentioned solid'epoxy resins, the triphenylmethane

epoxy resin includes, for instanée, one commercially available under the trade .

name of EPPN-501HY (manufactured by NIPPON KAYAKU CO.,LTD.),

which is represented by the following formula:

0~CH.~CH~CH,
N/

G

O"CH 2 "CH‘CH 2
\0/

———

0-C.-CH-CH,
: \0/

—

In the formula, n is O or a positive number.

CH

0-Ct.~Ci~CH.
\0/

O‘CH 2 ;CH“CH 2
\0/

The above-mentioned solid epoxy resin preferably has an epoxy

equivélence of 140 to 270 g/eq., and a softening point of 50° to 100°C or a

melting point of 40° to 150°C, especially an epoxy equivalence of 150 to

220 g/eq., and a softening point of 60° to 80°C or a melting point of 50° to

130°C.

The liquid phenolic resin which is used together with the above- _

mentioned solid epoxy resin is not particularly limited, as long as the phenolic

resin is capable of acting as a curing agent for the above-mentioned liquid epoxy

resin and is liquid at 25°C (room temperature), and various phenolic resins can

be used. Concrete examples of the above-mentioned liquid phenolic resin

include allylated phenol novolak resins, diallylated bisphenol A resins,



10

15

20

25

13

acetylated phenolic resins, diallylated bisphenol F resins, and the like. These

Tliquid phenolic resins can be used alone or in admixture of two or more kinds.

Incidentally, the term “liquid phenolic resin” as used herein not only refers to
those which are liquid at 25°C when used alone as a matter of coﬁrse, but also
encompasses those which are liquid at 25°C as a final phenolic resin component
when used in admixture of two or more kinds.
~ The above-mentioned liquid phenolic resin preferably has a hydroxyl

group equivalence of 80 to 200 g/eq, especially a hydroxyl gfoup equivalence of
100 to 170 g/eq. _ |

~ Also, in the Second Embodiment, the fbrmulation proportion of the solid
epoxy resin and the liquid phenolic resin is such that the hydroxyl group in the
liquid phenolic resin is adjusted to preferably 0.7 to 1.4 eq., more preferably 0.9
to 1.1 eq., per one eq. of the epoxy group in the solid epoxy resin.

In the Second Embodiment, in the above-mentioned combination of the
solid epoxy resin with the liquid phenolic resin, it is preferabie to use, for
instance, the combination of the tetrafunctional naphthalenic epoxy resin with
the allylated phenol novolak resin, from the viewpoints of heat resistance and
fluidity.

Finally, the Third Embodiment, which is a resin composition comprising a
solid epoxy resin as the epoxy resin (the component A) and a solid phenolic resin
as the phenolic resin (the component B), will be described.

As the above-mentibned solid epoxy resin, the; same ones as those of the
solid epoxy resins described in the Second Embodiment can be used.

In addition, among the solid epoxy resins, when the crystalline epoxy

resin is used, it is preferable to use two or more kinds of the solid epoxy resins in
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admixture, because the fluidity is impaired at a temperature of 80°C or less when
a crystalline epoxy resin having a melting point of 90°C or more is used.

The crystalline epoxy resin described above includes, for instance, one
commercially available under the trade name of GK-4137 (manufactured by
Nippon Steel Chemical Co., Ltd.), the trade name of GK-5079 (manufactured by
Nippon Steel Chemical Co., Ltd.), the trade name of YDC-1312 ¢émanufactured
by Toto Kasei), and the like. The above-mentioned GK-4137 is represented by
the following formula:

fe-CH-CH, -0 - (O>o- CH-
\O ), @—0—@0 CH, 0{ /CH:
S 0

4

Also, the above-mentioned GK-5079 is represented by the following

formula:
| HsC CHs |
cu,fcu-m,-o@m,—@o-cﬂ -CH-CH
\/" ’ N
0 H,C . CHs

Further, the above-mentioned YDC-1312 is repfesented by the following

formula:
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(ﬁr\CHTCHz—O

()8 -
(HsC) :é /©j/ ’

O”CHQ"CH'CHz
N/

In addition, among the above-mentioned crystalline epoxy resins, the
biphenyl epoxy resin is represented by the following formula:

. R, ' Ri
CH,-CH-m,-oo-CHz-m-CHz |
\o/ R« R \)/ ]

In the above-mentioned general formula, eacl'_; of R; to Rg, which may be
identical or different, is hydrogen atom, a linear or branched lower alkyl group
such as methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl .
group, isobutyl group, sec-butyl group, or tert-butyl group. '

Also, there may be used as the above-mentioned biphenyl epoxy resin, a
mixture of a biphenyl epoxy resin in which all of the above-mentioned R; to Rs
are methyl groups with a biphenyl epoxy resin in which all of the above-
mentioned R; to Ry are hydrogen atoms in approximately the same amount.

As the solid phenolic resin which is used together with the above-
mentioned solid epoxy resin, the same ones as those of the solid phenolic resins

described in the First Embodiment can be used.
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Also, in the Third Embbdiment, the formulation proportion of the solid
epoxy resin and the solid phenolic resin is such that the hydroxyl group in the
solid phenolic resin is adjusted to preferably 0.6 to 1.4 eq., more preferably 0.7
to 1.1 eq., per one eq. of the epoxy group in the solid epoxy resin.

In the Third Enibodiment, in the combination of the solid epoxy resin
with the solid phenolic resin, it is preferable to use, for instance, the combination
of the crystalline epoxy resin such as one commercially available under the trade
name of GK-4137 (manufactured by Nippon Steel Chemical Co., Ltd.) with the
polyfunctional solid phenolic resin; or the combination of the tetrafunctional
naphthalenic epoxy resin or triphenylmethane epoxy resin with the bifunctional
bisphenol resin, from the viewpoiﬁts of thermosetting property, heat resistance
and fluidity.

Also, in the resin composition of the present invention, a latent curing
accelerator (thé component C) is contained as an essential component together
with each epoxy resin and each phenolic resin in the First to Third Embodiments
mentioned above,

The above-mentioned term “latent curing accelerator” (the component C)
refers to a curing accelerator which is stable for a loﬁg peﬂod of time as long as
the resin composition containing an epoxy resin and a phenolic resin is allowed
to stand at room temperature, but is unstable by applying heat, whereby a curing
reaction is immediately accelerated. Concretely, the latent curing accelerator
refers to those having a property such that a resin composition comprising the |
latent curing accelerator has a viscosity at 80°C after treatment of 10 times or
less than the viscosity before treatment, wherein thé treatment comprises

allowing the resin composition to stand in an atmosphere of 50°C for 72 hours.
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It is preferable to use, for instance, a microcapsulated curing accelerator having a
core/shell structure comprising a core pdrtion made of various curing agents and
a shell portion having urea bonding, wherein the core portion is covered with the
shell ﬁorﬁon. It is more preferable to use a microcapsulated curing accelerator in
which a reactive amino group existing in the shell portion is blocked.

Since the microcapsulated curing accelerator is contained in the resin
composition of the present invention, the resin composition has very long
operable time and is especially excellent in the storage stability. The ofdinary
curing accelerator can be used together with the latent curing agent (the

component C) in the present invention, so long as the viscosity of the resin

composition after the treatment is kept at 10 times or less, usually 1 to 3 times,

that before the treatment when the ordinary curing accelerator is formulated in a
small amount.

In the above-mentioned microcapsulated curing accelerator, the curing
accelerator incorporated as the core portion is not particularly limited, as long as
it has an action of accelerating the curing reaction, and any known curing
accelerators can be used. In such cases, it is preferablé that the curing
accelerator is liquid at room temperature, from the viewpoints of the workability
during the preparation of the microcapsule and the properties of the 'microéapsule.
In the present invention, the phrase “liquid at rooﬁ temperature” not only refers
to those which are liquid at room temperature (25°C) but also encompasses those
which are solid at room temperature but can be prepared into the form of a
solution or dispersion by dissolving or dispersing a solid curing- accelerator with
an optional organic solvent or the like.

The microcapsule-incorporated curing accelerator described above
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includes, for instance, amine-based curing accelerators, imidazole-based curing
accelerators, phosphorus-containing curing accelerators, boron-containing curing

accelerators, and phosphorus-boron-based curing accelerators. Concrete

examples of the microcapsule-incorporated curing accelerator include alkyl- or

aryl-substituted guanidines such as ethyl guanidine, trimethyl guanidine, phenyl
guanidine, and diphenyl guanidine; 3-substituted phényl-l,l-dimethylureas such
as 3-(3,4-dichlorophenyl)-1,1-dimethylurea, 3-phenyl-1,1-dimethylurea, and
3-(4-chlorophenyl)-1,1-dimethylurea; imidazolines such as 2-methyHmidaizoline,
2-phenylimidazoline, 2-undecylimidazoline, and 2-heptadecylimidazoline;
monoaminopyridines such as 2-aminopyridine; amine-imides such as

N, N-dimiethyl-N~(2-hydroxy-3-allyloxypropyl)amine-N’-lactimide;
organophosphorus compounds such as ethylphosphine, propylphosphine,
butylphosphine, phenylphosphine, trimethylphosphineg, triethylphosphine,
tributylphosphine, trioctylphosphine, triphenylphosphine,
tﬁcyclohexylphosphhe, triphenylphosphine/triphenylborane complexes, and
tetraphenylphosphonium tetraphenylborate; diazabicycloalkene compounds such
as 1,8-diazabicyclo[5.4.0Jundecene-7,1,4-diazabicyclo[2.2.2]octane; and the like. |
Thé microcapsule-incorporated curing accelerators can be used alone or in
admixture or two or more kinds. Especially, the imidazole compounds and the |

organophosphorus compounds are preferable, from the viewpoints of the

casiness of the preparation of the curing accelerator-incorporated microcapsule

and easiness in handling,

The polymer constituting the above-mentioned shell portion, as long as

. the polymer has the urea bond as a structural unit can be obtained, for instance,

by poly-addition reaction of a polyisocyanate with a polyamine. Also, the
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polymer can be obtained by the reaction of the polyisocyanate with water.

The above-mentioned polyisocyanate may be any compound, as long as it
has two or more isocyanate groups in its molecule. Concrete examples of the
polyisocyanate include diisocyanates such as m-phenylene diisocyﬁnate,
p-phenylene diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate,
naphthalene-1,4-diisocyanate, diphenylmethane-4,4’-diisocyanate,
3,3’-dimethoxy-4,4’-biphenyl diisocyanate,
3,3’-dimethyldiphenylmethane-4,4’-diisocyanate, xylylene-1,4-diisocyanate,
4,4’-diphei1y1propane diisocyanate, trimethylene diisocyanate, hexamethylene

diisocyanate, propylene-1,2-diisocyanate, butylene-1,2-diiSocyanate,

cyclohexylene-1,2-diisocyanate, and cyclohexylene-1,4-diisocyanate;

triisocyanates such as p-phenylene diisothiocyanate,

. xylylene-1,4-diisothiocyanate, and ethylidyne diisothiocyanate; tetraisocyanates

such as '4,4’-dhneﬂxyldiphenyhnethane—Z,Zs,5,5’-tetraisocyanate; isocyanate

| prepolymers such as an adduct of hexamethylene diisocyanate and hexanetriol,

an adduct of 2,4-tolylene 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 trimethylolpropane, and trimers of
aliphatic polyisocyanates, such as triphenyldimethylene triisocyanate,
tetraphenyltrimethylene tetraisocyanate, pentaphenyltetramethylene
pentaisocyanate, lysine isocyanate, and hexamethylene diisocyanate, and the ﬁke.
These polyisocyanates can be used alone or in admixture of two or more kmds

Among these polyisocyanates, the isocyanate prepolymers represented by
the adduct of tolylene diisocyanate and trimethylolpropane, the adduct of
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xylylene diisocyanate and trimethylolpropane, and the polymethylenepolyphenyl

| isocyanates, such as triphenyldimethylene triisocyanate are especially preferable,

| from the viewpoints of the film-forming property during the preparati_on of the

microcapsule and the mechanical strength.

On the other hand, the polyamines to be reacted with the above-mentioned
polyisocyandte may be any compound, as long as it has two or more amino
groups in its molecule. Concrete examples of the polyamines include
diethylenetriamine, triethylenetetramine, tetraethylenepentamine,
1,6-hexamethylenediamine, 1,8-octamethylenediamine, 1,12-
dbdecamethylenediamine, o-phenylenediamine, m-phenylenediamine,
p-phenylenediamine, o-xylylenediamine, m-xylylenediaminé, P-xylylenediamine,
menthanediamine, bis(4-amino-3-methylcyclohexyl)methane,
isophoronediamine, 1,3-diaminocyclohexane, spiro-acetal-based diamines, and
the like. These polyamines can be used alone or in admixture of two or more
kinds. | | N

In addition, in thé 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
poly-addiﬁon reaction”), thereby forming a polymer comprising a polymer
having a urea bond as a structural unit as a main component. |

Further, as the polymer capable of forming a shell portion (wall film) of
the microcapsulated curing agent, there can be also used a polyu'rethané-polyurea
prepared from a polyhydric alcohol together with the above-mentioned
polyisocyanate to incorporate a urea bond in the structural unit.

The polyhydric alcohol which is used in the formation of polyurethane-
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polyurea may be aliphatic, aromatic or alicyclic. The polyhydric alcohol
includes catechol, resorcinol, 1,2-dihydroxy-4-methylbenzene,
1,3-dihydroxy-5-methylbenzene, 3,4-dihydroxy-1-methylbenzene,
3,5-dihydroxy-1-methylbenzene, 2,4-dihydroxyethylbenzene,
1,3-naphthalencdiol, 1,5-naphthalenediol, 2,7-naphthalenedio,
2,3-naphﬁ1a1enediol, 0,0 -biphenol, p,p -biphenol, bisphenol A,
bis(2-hydroxyphenyl)methane, xylylgne diol,. ethylene glycol, 1,3-propylene
glycol, 1,4—bﬁty1ene glycol, 1,5-pentanediol, 1;6-hexanediol, 1,7-heptanediol,
1,8-octanediol, 1,1,1-trimethylolpropane, hexanetriol, pentaerythritol, glycerol,
sorbitol, and the like. These polyhydric alcohols can be used alone or in
admixture of two or more kinds.

* The above-mentioned microcapsulated curing accelerator can be prepared
by a known process for preparing a microcapsule. For instance,' the
microcapsulated curing accelerator can be prepared by following the three-step

Iirocess described below.

[First Step]

A core component curing accelerator is dissolved or finely dispersed in a
polyisocyanate, which is a raw material for wall film (shell) to form an oil phase.
Next, an O/W type (oil phase/water phase type) emulsion is prepared by
dispersing the above-mentioned oil phase in a oil droplet form in an aquéous
medium (water phase) containing a dispersion stabilizer. Subsequently, a
polyamine is added to the water phase of the above-mentioned O/W type -
emulsion to be dissolved, thereby carrying out poly-addition reaction by the

interfacial polymerization of the polyamine with the polyisocyanate in thé oil
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phase. Alternatively, the above-mentioned O/W type emulsion is heated, so that
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 aminé is subjected
to a self poly-addition reaction. As described above, a microcapsule comprising

a polyurea polymer having urca Bonds in its molecule as a shell portion is formed,
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
case whefe 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/O/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.

The organic solvent in this case is not particularly limited, as long as the
organic solvent is liquid at room temperature, provided that at least an organic
solvent which does not dissolve the shell portion must be selected. Concretely,
organic solvents such as éthyl acetate, methyl ethyl ketone, acetone, methylene

chloride, xylene, toluene and tetrahydrofuran; and oils such as phenylxylylethane

and dialkylnaphthalenes can be used.-

[Second. Step]

A blocking agent is added to the dispersion of microcapsules obtained in
the first step, to dissolve or disperse the blocking agent in the dispersion. During
this step,. it is effective to add the above-mentioned blocking agent after once
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femoving the dispersion stabilizer and the unreacted amine in the water phase of

the dispersion of microcapsules by such means as centrifugation.

[Third Step]

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 dr filtration to remove an excess blocking agent, and thereafter

dried, thereby giving powdery microcapsulated curing agent.

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

the aquéous 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
these dispersion stabilizers is adjusted to 0.1 to 10% by weight in the water phase.
The blocking agent to be used in the above_-menﬁoned second step is not
particularly limited, as long as the blocking agent is a compound which is

reactive with amino group. The blocking agent includes, for instance,

~ compounds capable of forming a covalent bond by the reaction with amino group,

such as epoxy compounds, aldehyde compounds, acid anhydrides, ester
compounds, and isocyanate compounds. The blocking agent may further include
acidic compounds capable of forming a salt by neutral reaction with amino group,
such as organic carboxylic acids such as acetic acid, formic acid, lactic acid,

oxalic acid, and succinic acid; organic sulfonic acids such as p-toluenesulfonic
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acid, 2'-naphthalen_esu]fonic' acid, and dodecylbenzenesulfonic acid; phenolic
compounds; inorgénic acids such as boric acid, phosphori¢ 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 .acidic
compounds are preferably used as a compound effectively blocking amino group
existing on the wall film surface and in the internal wall film, and formic acid
and organic sulfonic acids are especially preferably used.

The above-mentioned blocking agent is added in an amount of a molar
equivalence to the amino groups existing on the wall film surface and in the
internal wall film. Practically speaking, ih 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 the acidic substance (acidic compound) to a

dispersion immediately after the preparation of the microcapsules (immediately

 after interfacial polymerization); adjusting the pH of the dispersion from basic to

acidic, preferably to a pH of 2 to 5; and thereafter removing an excess acidic
compound by such means as centrifugaﬁbn or filtration.

In addition, in the process for preparing the microcapsulated curing
accelerator comprising the first to third steps described above, as a second step, a
technique of removing unreacted free amines or neutralizing residual amino -

groups by applying the dispersion of microcapsules on an acidic cationic

‘exchange resin column can be employed.

The average particle size of the resulting microcapsulated curing

accelerator is not particularly limited. For instance, it is preferable that the

average particle size is adjusted to a range of from 0.05 to 500 pm, more

preferably from 0.1 to 30 pm, from the ﬁewpoint of homogeneous aispersibility.
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The shape of the above-fnentioned microcapsulated curing accelerator is
preferably 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.

Further, in the above-mentioned microcapsulated curing accelerator, the
amount of the curing accelerator incorporated is preferably adjusted to 10 to 95%

by weight of the entire amount of the microcapsule, especially preferably

| adjusted to 30 to 80% by weight. Specifically, when the amount of the curing

accelerator incomdrated is less than 10% by weight, the time period for the
curing reaction is too long, showing impaired reactivity. On the other hand,
when the amount of the curing accelerator incorporated exceeds 95% by weight,
the thickness of the wall film becomes too thin, thereby risking impaired
isolation of the core porﬁon (curing agent) and impaired mechanical strength.

In addition, the ratio of the thickness of the shell portioﬁ 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%. When the

_abdve-mentioned ratio is less than 3%, a sufficient mechanical strength cannot be

obtained for the sheaﬁng strength applied during the kneading process during the

preparation of the resin composition. When the ratio exceeds 25%, the release of

- the incorporated curing agent tends to be insufficient.

In each of the above-mentioned Embodiments, the formulation amount of
the above-mentioned latent curing accelerator (the component C) is adjusted to

0.1 to 40 parts by Weight, based on 100 parts by weight of the phenolic resin (the
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component B), especially preferably 5 to 20 parts by weight. When the
formulation amount of the latent curing accelerator is less than 0.1 parts by
weight, the curing rate is too slow, thereby causing the lowering of the sfrength.
When the formulation amount exceeds 40 parts by weight, the curing rate is too
fast, thereby risking impaired fluidity.

In the present invention, as the latent curing accelerator, the coniponent C,
commercially available microcapsulated curing accelerators can be used besides
those curing faccelerator—incomoratcd microcapsules mentioned above, as long as
a desired object is not hindered. The commercially available products, for-
instance, include one commercially available under the trade name of MCE-9957
(manufactured by NIPPON KAYAKU CO., LTD.; one in which methyl
methacrylate is used as a wall film), Novacure manufactured by Asahi-Ciba
(trade names HX-3748, HX-3741, HX-3742, HX-3921HR, and HX-3941HP),
and the like. In addition, those curing accelerators besides the microcapsulated

curing accelerators mentioned above may be used as latent curing accelerators, -

- including those which have weak catalytic activities such as dicyandiamide, and

FUJICURE FXR-1030 and FXE-1000 manufactured by Fuji Kasei Kogyo; and
those of which catalytic activities are weakened by adding # small amount of an
ordinary curing accelerator. | | '

The resin composition of the present invention is heated to a given
temperature or higher, and the curing accelerator in the microcapsule is released

to the outside of the shell to cure the epoxy resin, to give a desired cured product.

~ The heat-releasing phenomenon described above in the curing method is due to a

physical change of the microcapsule, not dominant by a diffusion-transmittance
through the shell of the microcapsule as disclosed in Japanese Patent Laid-Open
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No. Hei 1-242616. In other words, the incorporated curing accelerator is
released due to the change in the shape of the microcapsule and the dissolution to

the epoxy resin of the shell component of the microcapsule. There are two

~ embodiments in the dissolution of the shell: Complete dissolution and partial

dissolution.

In the curing ﬁemod described above, the above-mentioned phenomenon
of heating and dissolution (breaking) of the microcapsule surprisingly takes place
at such a very low temperature of 80‘5 to 150°C and instantly, even when the
shell component comprises a relatively rigid cross-linked structure. Therefore,
even when the thickness of the shell is thickened, the thermosetting property
(releasability of the core from tﬁe microcapsule) is not lowered. Such a
dissolution phenomenon does not tékes place by heating to a temperature of
about 90° to about 200°C without formulating the mjcrocapsuiated curing
accelerator alone as in the curing method described above, nor does it take place
even when heated in a liquid medium such as an oil. In other words, the polymer
having a specified structure constituting the shell of the microcapsulated curing
accelerator is allowed to cause the above-mentioned curing reaction when
formulated with the resin composition.

Although the action mechanism in the curing method described above is
not clarified, it is presumably as follows. The structure unit of the shell having a
specified structure 'undergo'es a dissociation reaction under a relatively low
temperature when being coexistent with the epoxy resin. In addition, the
temperature at which the dissociation reaction takes place can be adjusted by the
structure (composition) of the polymer constituting the shell and the kinds of the

epoxy resin being coexistent therewith. The structure of the polymer constituting
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the shell can be varied by the kinds of the polyisocyaqate and the polyamine used
in the formation of the shell by interfacial polymerization, or by the use of two or
more kinds of the polyisocyanates. The breaking temperature of the shell in the
microcapsule as referred to herein is determined by a initial rise temperature of
the exothermic peak as determined by DSC detelmination..

| In the resin composition of the present invention, there can be optionally
added various auxiliary agents such as an inorganic filler, a flame retarder, a
leveling agent, a defoaming agent, a pigment, a dye, a silane coupling agent, a
titanate coupling agent, and a flux agent in proper amounts, together with the
above-mentioned components A to C.

The inorganic filler is not particﬁlarly limited, and various inorganic
fillers can be used. Concrete examples of the inorganic filler include silica, clay,
gypsum, calcium carbonate, barium sulfate, aluminum oxide, beryllium oxide,
siliCoﬂ carbide, silicon nitride, Aerozil, and the like. In order to give
conductivity or semi-conductivity, conductive particles made of nickel, gold,
copper, silver, tin, lead, bismuth or the like may be. added. _ Among them, it is
preferable to use spherical silica powder, especially preferably spherical molten
silica powder. Further, those spherical silica powders having an average particle
size in the range of 0.01 to 60 um are preferable, more preferably in the range of -
0.1to 15 um. In the present invention, the term “spherical” refers to those have
a sphericity of 0.85 or more in average, as determined by using a flow-type
particle image analyzer (Model “FPIA-lOO,’; manufactured by SYSMEX).

It is preferable that the content proportion of the above-mentioned -
inorganic filler is adjusted to 15 to 85% by weight of an entire resin composition,

especially preferably adjusted to 50 to 80% by weight. Specifically, when the
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content proportion of the inorganic filler is less than 15% by weight, the
viscosity becomes too low at 25°C, so that the sedimentation of the inorganic
filler is caused during storage, and at the same ﬁme the hygroscopic ratio
becomes high, so that the moisture tolerance reliability tends to be impaired. In
addition, when the content propoi‘tion of the inorganic filler exceeds 85% by |
weight, the fluidity is lowered, so that the dischargeability and the coating
workability tend to be impaired.

The above-mentioned silane coupling agent includes, for instance,
y-mercaptopropyl himethokysilane, v-glycidoxypropyl methyldiethoxysilane,
B-(3,4-epoxycyclohexyl)ethyl ﬁ‘iinethoxysilane, 'y-methacryloxypropyl_
trimethoxysilane, amino group-containing silanes, and the like. These silane
coupling agents can be used alone or in admixture of two or more kinds.

The above-mentioned flame retarder includes novolak brominated epoxy
resins; brominated bisphenol A epoxy resins; metal compounds sﬁch- as antimony
trioxide, antimony pentoxide, magnesium hydroxide, and aluminum hydroxide;
phosphorus-containing compqunds such as red phosphorus, and phosphates.
These flame rétarders can be used alone or in admixture of two or more kinds.

The above-mentioned wax includes compdunds such as higher fatty acids,
higher fatty acid esters, calcium salts of higher fatty acids, and amides. These
waxes can be used alone or in admixture of two or more kinds.

Further, in the resin composition of the present invention, 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 capturing agents such as hydrotalcites

and bismuth hydroxide can be properly formulated for the purpose of improving
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the reliability in the moisture tolerance resistance test.

The resin composition of the present invention can be, for instance,
prepared as follows. Specifically, the components A to C mentioned above and
optionally other auxiliary agents are mixed with each other, and the mixture is
blended ina ﬁlolten state by kneading with a ki_mader such as a universal stirring
reactor with heating. Thereafter, the molten mixture is cooled to room
temperature (about 25°C or so), to give a desired resin composition of the present
invention. Here, in order to adjust the fluidity of the resulting resin composition,
one or more organic solvents selected from toluene, xylene, methyl ethyl ketone,
acetone, and diacetone alcohol can be added to the resin cdmposition.

It is essential that the resin composition prepared as described above is a
solid at 25°C, or has a viscosity of not less than 400 Paes at 25°C and a viscosity
of not more than 200 Paes at 80°C, preferably a viscosity of not less than
700 Pases at 25°C and a viscosity within the range of 0.1 to 5 Paes at 80°C.
Specifically, when the viscosity is less than 400 Pases at 25°C or exceeds
200 Pases at 80°C, the storage stability and the dischargeability and coating
workability are impaired, so that desired properties cannot be satisfied.

In the present invention, each of the viscosities at 25°C and at 80°C of the
resin composition is determined by using an E-type viscometer. Concrete |

determination methods are as follows.

[Viscosity at 25°C]

The viscosity is determined after pre-treating a resin composition with a
cone-shaped rotor at a rotational speed of 1 rpm for 1 minute, and thereafter

allowing the resin composition to stand at 0.1 rpm for 10 minutes, using a rotor
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3°x R7.7 under the model name of “RE80U” manufactured by Toki Sangyo.

[Viscosity at 80°C]

The viscosity is determined after pre-treaﬁng a resin compoéiﬁon with a
cone-shaped rotor at a rotational speed of 1 rpm for 1 minute, and thereafter
allowing the resin composition to stand at 0.5 rpm for 10 minutes, using a rotor
under the model name of “RE80R” manufactured by Toki Sangyo, provided that
those having a viscosity of less than 100 Paes are determined by 3°x R14, and-
that those baving a viscosity 100 Paes or more are determined by 3°x R7.7. -

The production of the seﬁﬁconductor device using the resin compositioﬁ
of the present invention can be carried out by various known methods. For
instance, in the mounting such as flip chip, COB, graft chip, or cavity fill, the

above-mentioned resin composition heated to about 40° to about 90°C, -

* preferably to about 60° to about 80°C, is subjected to potting with a dispenser,

and thereafter the resin composition is heated and cured to form a sealing resin
layer, whereby a semiconductor device can be produced. Altemaﬁvely, a solid
or semi-solid resin composition is directly pasted or coated on a semiconductor
element without previously heating the resin composition, and thereafter the
resin composition is heated and cured to form a sealing resin layer, whereby a
semiconductor device can be produced. The above-mentioned mbuﬁﬂ_'ng may be
carried out under vacuum. -

Among the above-mentioned met_hods for producing the semiéonductor
devices, concrete explanations for flip-chip mounting will be given below, using
side-fill sealing method, press-buinp sealing method, and printing sealing

method as exemplifications.
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[Side-Fill Sealing Method]

First, a wiring circuit substrate and semiconductor elements mounted
thereon via plural conhecting electrodes are provided. | Thereafter, the above-
mentioned resin composition heated to about 40° to about 90°C, preferably to
about 60° to about 80°C, is poured with a dispenser to fill a gap between the
wiﬁng circuit substrate and the semiconductor elements previously heated to
about 40° to about 130°C, preferably to about 60° to about 100°C, and thereafter
the resin composition is heated and cured to form a sealing resin layer, whereby
the semiconductor device can be produced by flip-chip mounting.

Incidentally, the solid or semi-solid resin composition can be directly
pasted on or near the semiconductor element or coated on the semiconductor
element without previously heating the resin composition, and thereafter the
resin composition is heated and cured to form a sealing resin layer in the gap
between the above-mentioned semiconductor element and the wiring circuit
substrate.

In addition, the semiconductor device may be produced by the above-

mentioned side-fill sealing method under vacuum. The devices for producing the

- semiconductor device under vacuum include, for instance, ones manufactured by

Musashi Engineering under the model numbers of MBC-V series. Further, when
the semiconductor device is produced under vacuum as described above, a so-
called “differential pressure filling” can be carried out, wherein after the resin
composition is poured with a dispenser to fill a gap between the wiring circuit
substrate and the semiconductor element under vacuum, the resin composition is

further filled after the pressure is changed back to atmospheric pressure.
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[Press-Bump Sealing Method]

First, the above-mentioned resin composition heated to about 40° to about
90°C, preferably to about 60° to about 80°C, is subjected to potting with a
dispenser on a wiring circuit substrate. Thereafter, a sealing resin layer is

formed, and at the same time the electric connection is provided between the

. semiconductor element and the wiring circuit substrate by a press-bump

connecting means by a flip-chip bonder, whereby the semiconductor device can
be produced by flip-chip mounting.

Incidentally, the solid or semi-solid resin composition can be directly
pasted or coated on the semiconductor element or the wiring circuit substrate,
and thereafter the resin composition is heated and cured to form a sealing resin
layer, and at the same time to cdnnect the above-mentioned semiconductor
element with the wiring circuit substrate by the press-bump connecting means.

The semiconductor device may be produced by the abo{'e-menﬁoned
press-bump sealing method under vacuum as occasion demands.

In addition, instead of potting with a dispenser, the resin composition may
be coated by printing, and thereafter a sealing resin layer may be formed, and at
the same time the electric connection may be provided between the
semiconductor element and the wiring circuit substrate by means of a press-
bump connection by a flip-chip bonder. In this case, the coating by printing may
be carried out with heating an entire printing atmosphere, or partially heating by
masking or squeezing a part of the atmosphere (heating temperature measure
being 40° to 100°C).
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[Printing Sealing Method]

First, a wiring circuit substrate and semiconductor elements mounted
thereon via plﬁral connecting electrodes are provided. Thereafter, the above-
mentioned resin composition heated to about 40° to about 90°C, preferably to
about 60° to about 80°C, is added dropwise with a.dispenser to a gap between
the wiring circuit substrate and the semiconductor elements previously heated to
about 40° to about 130°C, preferably to about 60° to about 100°C, and thereafter
subjected to printing sealing, whereby the semiconductor device can be produced
by flip-chip mounting.

As to the above-mentioned printihg sealing, it is preferable to use vacuum
printing sealing devices (model no. VPE-100 series) manufactured by Toray |
Engineering utilizing vacuum differential pressure, from the viewpoint of
avoiding the entry of the bubbles into the sealing resin layer.

Incldentally, the printing sealing can be also carried out by dlrectly
pasting or coating a solid or semi-solid resin composition to a stage, a squeeie or
the like. |

Next, among the above-mentioned methods for producing é

semiconductor device, a method for producing a semiconductor device in the

~ cavity-fill form will be concretely described.

First, a wiring circuit substrate and semiconductor elements mounted
thereon are provided, wherein the wiring circuit substrate and the senﬁconductdr
elements are electrically connected with a bonding wire or the like. Thereafter,
the above-mentioned resin composition heated to about 40° to about 90°C,
preferably to about 60° to about 80°C, is subjected to potting to the wiring circuit

substrate and the semiconductor elements previously heated to about 40° to
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about 130°C, preferably to about 60° to about 100°C with a dispenser, and
thereafter ﬂle resin composition is heated and cured to form an encapsulation
resin layer so as to incorporate the semiconducfor eiements in the encapsulation
resin layer, whereby the semiconductor device in the cavity-fill form can be
produced.

Incidentally, the solid or semi-solid resin composition can be directly
pasted or coated on the semiconductor element or the wiring circuit substrate
without previously heating the resin composition, and thereafter the resin
composition is heated and cured to form an encapsulation resin layer so as to
incorporate the semiconductor elements in the encapsulation resin layer.

In addition, the semiconductor device may be produced by the above-
mentioned printing sealing method under vacuum. The devices for producing
the semiconductor device under vacuum include, for instance, ones
manufactured by Musashi Engineering under the model numbers of MBC-V
series.

Other methods for producing a semiconductor device in the cavity-fill
form will be described. Specifically, first, a wiring circuit substrate and
semiconductor elements mounted thereon are provided, wherein the wiring
circuit substrate and the semiconductor elements are electrically connected with
a bonding wire or the like. Thereafter, the above-mentioned resin composition
heated to about 40° to about 90°C, preferably to about 60° to about 80°C, is fed
by printing to the wiring circuit substrate and the semiconductor elements
previously heated to about 40° to about 130°C, preferably to about 60° to about
100°C with a dispenser, and thereafter the resin composition is heated and cﬁred

to form an encapsulation resin layer so as to incorporate the semiconductor
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elements in the encapsulation resin layer, whereby the semiconductor device in
the cavity-fill form can be produced. |

In addition, the semiconductor device may be produced by the above-
mentioned printing sealing under vacuum. Further, when the semiconductor
device is produced under vacuum, after the resin composition is subjected to
printing sealing under vacuum, the pressure of the atmosphere is increased to
degas voids in the resin composition, and the resin composition may be subjecfed
to a further finish printing in this state. |

The method of heating and curing the above-mentioned resin composition
is not particularly limited. The method includes, for instance, heating methods
utilizing countercurrent dryers, IR reflow furnaces, hot plates, and the like.
| The method of filling a gap between the external substrate and the
semiconductor device by the use of the resin composition of the present
mvention includes, for instance, side-fill sealing inethod, press-bump sealing
method, printing sealing method, and the like, which are similar to those
described for the flip-chip mounting in the method for producing a
semiconductor device described above. Incidentally, conductive particles made
of nickel, gold, silver, copper, tin, lead, bismuth or the like may be dispersed in
the above-mentioned resin composition to give ACF (anisotropic conductive
film) or ACP (anisotropic conductive paste) to be used for flip chip mounting.
Other methods of use of the resin composition include the use of the resin
composition formed on the wiring circuit substrate as a material for dam, or a
bonding agent between the wiring circuit substrate and a radiator plate, and a die-
bonding agent. |

The semiconductor device using the resin composition of the present
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invention to a conductive wafer or a matrix-like wire circuit substrate can be
produced by various known methods.

An embodiment where plural projected electrode-mounted semiconductor
elements are formed on a semiconductor wafer will be described. Specifically,
the above-mentioned resin composition heated to 40° to about 90°C, preferably
to about 60° to about 80°C, is coated on the above-mentioned projected
elec&ode-mounted surface with a dispenser to form a resin layer made of the
above-fnentioned resin composition having a given thickness. When the resin
layer made of the above-mentioned resin composition having a given thickness is
formed, it is so arranged that at least the tip ends of the above-mentioned
projected electrodes are exposed from the above-mentioned resin layer. Next,
the resulting semiconductor wafer in which the above-mentioned resin layer is
fofmed is cut, to prepare a semiconductor device.

| The method for forming a resin layer made of the above-mentioned resin
composition includes a method of forming the resin layer by printing through an
aperture of the mask.

The resin layer thus formed may be heated and cured by the final stage,
and the heating and curing step may be carried out before or after cutting the
semiconductor wafer.

On the other hand, the above-mentioned resin composition is fed on the
entire plural semiconductor elements mounted on the matrix-like wiring circuit .
substrate constituted bj the individual wiring circuits, to form a resin layer so as
to incorporate the semiconductor elements in the resin composition. Next, the
resin composition is heat and cured to resin-encapsulate the plural semiconductor

clements, and thereafter cut the resin-encapsulated, plural semiconductor
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elements into individﬁal semiconductor devices, to give a semicénductor device.

The resin layer formed by the method described above may be heated and
cured by the final stage, and the heating and curing step may ‘t;e carried out
before or after cutting into the individual semiconductor devices.

The method for forming a resin layer made of the above-mentioned resin
composition includes a method using a dispenser, a method of forming the resin
layer by printing through an aperture of the mask, and the like, which are the
same as the those described aﬁove.

Also, in the semiconductor wafer having plural projected electrode-
mountihg semiconductor elements, the above-mentioned resin composition is fed
to the above-mentioned projected electrode-mounting surface of the

semiconductor wafer to form a resin layer having a given thickness, and

thereafter the semiconductor wafer on which the above-mentioned resin layer is

formed is cut into individual s'emiconductor elements. Next, the external
substrate for mounting and the semiconductor element are heat-treated by heat-
and-pressure fusiilg or soldering reflow in a state where the above-mentioned cut
resin layer-formed side of the semiconductor element faces the external substrate,
so that the external substrate and the semiconductor element are electrically
connected, and at the same time the above-mentioned resin layer is heated and
cured, thereby forming a sealing resin layer between the above-mentioned
semiconductor element and the external substrate to be resin-sealed. As
described above, the semiconductor device is prepared. Incidentally, heating and.
curing may be carried out before cutting the semiconductor wafer.

Further, the above-mentioned resin composition is fed to the matrix-like

wiring circuit substrate comprising individual wiring circuits to form a resin
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layer, and thereafter the above-mentioned resin layer-formed wiring circuit
substrate is cut into individual wiring circuit substrates. Next, the semiconductor

elements and the wiring circuit substrate are heat-treated by heat-and-pressure

fusing or soldering reflow, in a state where the above-mentioned cut wiring

circuit substrate faces the connecting electrode-mounting side for connecting
semiconductor elements each mounted with plural connecting electrodes, so that
the cut wiring circuit substrafe and the semiconductor device are electrically
connected, and at the same time the above-mentioned resin layer is heat-treated,
thereby forming a seaiing resin layer between the semiconductor elements and
the wiring circuit substrate to be resin-sealed. As described above, the
semiconductor device is prepared.

The method for forming a resin layer made of the above-mentioned resin
composiﬁoﬁ includes a method using a dispenser, a method of forming the resin
layer by printing through an aperture of the mask, and the like, which are the

same as the those described above.

- 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

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

[First Embodiment]
Examples and Comparative Examples of the First Embodiment will be
described hereinbelow.

The component A (liquid epoxy resin), the component B (solid phenolic
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resin) and the component C (latent curing accelerator) used in Examples and
Comparative Examples of the First Embodiment are as follows.
[Component A, Al-1]: )
A bisphenol F epoxy resin (liquid at 25°C, epoxy equivalence: 158 g/eq.,
manufactured by Toto Kasei, “Epitoto YDF-81707) |

[Component A, A1-2]:
A bisphenol A epoxy resin (liquid at 25°C, epoxy equivalence: 170 g/eq.,
manufactured by Dow Chemical, “DER-332") '

[Component B, B1-1]:
A tetrafunctional phenolic resin (solid at 25°C, melting point: 156°C,

,

purity 93.6%), represented by the following formula:

CHC O OH
no CH, —@-m
HiC |

[Component B, B1-2]:
A trifunctional phenolic resin (solid at 25°C, melting poiﬁt: 94°C,.pm‘ity

- 98%), represented by the following formula:

OH OH

@—FH, —@—Oﬂ
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[Component B, B1-3]:

Triphenylmethane phenolic resin (solid at 25°C, hydroxyl group
equivalence: 101 g/eq., melting point: 110°C, viscosity: 0.3 to 0.4 Paes at 150°C,
manufactured by Meiwa Kasei, MEH-7500 (3,4P))

[Component B, B1-4]:

A mixture of a trifunctional phenolic resin and a tetrafunctional phenolic
resin (ratio of each peak area to entire peak area: about 65 / about 30, as
determined by liquid chromatography, solid at 25°C, melting point: 132°C,
manufactured by Honshu Chemical Industry Co., Ltd., MHD-244LG)

[Acid Anhydride-Based Curing Agent] (Optional Component):
Methylhexahydrophthalic acid anhydride

[Component C, C1-1]:

A microcapsulated curing accelerator was prepared in accordance with the
method described above. Specifically, first, 11 parts by weight of an adduct of
3 mol of xylylene diisocyanate and 1 mol of trimethylolpropane, and 4.6 parts by
weight of an adduct of 3 mol of tolylene diisocyanate and 1 mol of
trimethylolpropane were homogeneously dissdlved in a mixed solution of 7 parts
by weight of a curing accelerator triphenylphosphine, and 3.9 parts by weight of
ethyl acetate to prepare an oil phase.

Next, an aqueous phase comprising 100 parts by weight of distilled water
and 5 parts by weight of a polyvinyl alcohol was separately prepared. The oil

" phase prepared above was added to the aqueous phase, and the mixture was
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emulsified with a homomixer to give an emulsion state. A polymerization

reactor equipped with a reflux tube, a stirrer and a dropping funnel was charged

| with the resulting emulsion.

On the other hand, 10 parts by weight of an aqueous solution containing
3 parts by weight of triethylenetetramine was prepared, and the dropping funnel

provided with the above polymerization reactor was charged with this aqueous

" solution. 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 dispersion of a microcapsulated curing accelerator. Subsequently, the
polyvinyl alcohol or the like in the aqueous phase was removed by centrifugation,
and thereafter 100 parts by weight of distilled water was added thereto, to give a
dispersion.

Formic acid was added to the résultihg dispersion to adjust its pH to 3,

thereby giving a microcapsulated curing accelerator in which amino groups of

“wall film surface and the inner portion were blocked with formic acid. The

microcapsulated curing accelerator thus obtained was repeatedly separated by
centrifugation and washed with water, and thereafter dried, to isolate as a
powdery particle having free fluidity. The average particle size of the resulting
microcapsulated curing accelerator was 2 um. In addition, the ratio of the shell
thickness to the particle sizé of the microcapsule was 15%, and the amount of
triphenylphosphonine incorporated in the microcapsule was 30% by weight of
the entire weight.

[Component C, C1-2]:
Curing accelerator MCE-9957 manufactured by NIPPON KAYAKU CO.,
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LTD.

[Component C, C1-3]:
Curing accelerator 2-ethyl-4-methylimidazole

Examples 1-1, 1-3 and 1-4

The epoxy resin and the phenolic resin were formulated in proportions as
shown in Table 1, and the mixture was blended at 150°C for 2 minutes to
dissolve the entire solid content. Next, the témperature was adjusted to 65°C.
Thereafter, a latent curing accelerator was added thereto, and homogeneously

mixed for 2 minutes.

Examples 1-2, Comparative Example 1-1 and Conventional Example

The epoxy resin and the phenolic resin were formulated in proportions as

shown in Table 1, and the mixture was blended at 110°C for 5 minutes to
dissolve the entire solid content. Next, the temperature was adjusted to 65°C.
Thereafter, a latent curing accelerator was added thereto, and homogeneously

mixed for 2 minutes.
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Table 1
Examples Comp. {Conven-
Exam- {tional
le Example
1-1 1-2 1-3 1-4 1-1

Al-1 158 158 158 158 - 158
Al-=2 - - - - 175 -
B1-1 65 - - - - -
B1-2 - - - - 80.7 -
B1-3 - 101 ~ - - -
B1-4 - - 92 92 - -
Ci1-1 7.6 11.8 10.8 - - -
Ci-2 - - - 10.8 - -
Cl1-3 - — - - 1.6 33
Acid Anhydride - - - - - 168
Curing Agent
Viscosity, Paes

at 25°C 510 solid 420 450 65 0.5

at 80°C 0.15 0.9 0.1 0.15 | 0.07 0.05
Glass Transition 138 141 125 128 125 125
Temperature (°C)
Storage Stability © © © © X X
Dischargeability
and Coating © © © ® x x
Workability
Operable Time © © © O x X

With respect to each of the resulting resin compositions, each of the

viscosii_:ies at 25°C and 80°C was determined in accordance with the method

5 described above using an E-type viscometer. Further, the glass transition

. temperature (Tg), the storage stability (extent of change in viscosities), the
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dischargeability and coating workability, and the operable time were determined
and evaluated in accordance with the following methods. The results are shown

together in Table 1.

[Glass Transition Temperature (Tg)]

A test piece obtained by curing a previously defoamed resin composition
at 150°C for 3 hours was used to determine the glass transiﬁon temperature by
using a TMA device (Model No. MG800GM) manufactured by Rigaku. The
determination was carried out at a heating rate of 5°C/min with a load of 30 g.
Thereafter, a graph plotting temperature as abscissa and elongation as ordinate
was prepared. An intersection point of a tangent line between 50° and 70°C and
a tangent line between 200° and 230°C was defined as Tg.

.[Storage Stability (Extent of Change in Viscosities)]

The resin composition was treated by allowing the resin composition to
stand in an atmosphere at 25°C for 30 days. The viscosities before and after the -
treatment were determined by using the E-type viscometer (determination
temperature: 80°C for examples and comparative examples, 25°C for
c;,onvenﬁonal example). The evaluation criteria are as follows.
©: the viscosity after the treatment being 1.5 times or less that of the

viscosity before the treatment;

O: the viscosity after the treatment 3.0 times or less and exceeding 1.5 times
that of the viscosity before the treatment;
A:  the viscosity after the treatment 10 times or less and exceeding 3.0 times

that of the viscosity before the treatment; and
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x: the viscosity after the treatment exceeding 10 times that of the viscosity -

before the treatment.

Also, the determination of the viscosity using the E-type viscometer was
carried out in the same manner as the method for determining the viscosities at

25°C and 80°C mentioned above.

[Dischargeability and Coating Workability] _

The dischargéabil_ity was evaluated by the amount of discharge when the
resin composition heated to 80°C was discharged under given time and pressure
conditions using a dispenser. Specifically, the amount of discharge was
determined by using a 10 cc syringe and a metallic needle SN-17G (inner
diameter 2.4 mm) manufactured by Musashi Engineering at a pressure of
5 kg/cm® for 10 seconds. The evaluation criteria are as follows.
©: the amount of discharge being 1000 mg or more; |
O:  the amount of discharge being 200 mg or more and less than 1000 mg;
A:  the amount of discharge being 50 mg or more and less than 200 mg; and

x:  the amount of discharge being less than 50 mg.

When the amount of discharge is less than 50 mg, the resin encapsulation

of the semiconductor device is at a level in which encapsulation cannot be made.

[Operable Time (Change in Viscosities)]
Each of the resin compositions was treated by allowing the resin

composition to stand at 50°C for 72 hours. The viscosities before and after the
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treatment were determined by using E-fype viscometer (ﬂetermination

temperature: 80°C for examples and comparative examples, 25°C for

conventional example). The evaluation criteria are as follows.

©: the viscosity after the treatment being 1.5 times or less that of the
viscosity before the treatment;

O:  the viscosity after the treatment 3.0 times or less and exceeding 1.5 times
that of the viscosity before the treatment; |

A:  the viscosity after the treatment 10 times or less and exceeding 3.0 times
that of the viscosity before the treatment; and _

x:  the viscosity after the treatment exceeding 10 ﬁmes that of the visbosity
before the treatment.

Also, the determination of the viscosity using the E-type viscometer was
carried out in the same manner as the method for determining the viscosities at

25°C and 80°C mentioned above.

It is clear from the results of the above Table 1 that the products of
Examples have a longer operable time period and more excellent storage stability,
as compared to those of the product of Conventional Example. Moreover, the
products of Examples have excellent dischargéabi]ity and coating workability, and
the resulting semiconductor device has excellent moisture tolerance.reliability.

Also, the product of Comparative Example has a viscosity of less than
400 Paes at 25°C. Moreover, since an ordinary curing accelerator is used
without further using a latent curing accelerator in the product of Comparative

Example, it is seen that the operable time and the storage stability are iiable to be
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[Second Embodinient]
Examples and Comparative Examples of the Secoﬂd Embocjimenf will be
described hereinbelow. . '
The component A (solid epoxy resin), the component B (liquid phenolic
resin) and the component C (latent curing accelerator) used in Examples and

Comparative Examples of the Second Embodiment are as follows.

[Component A, A2-1]:
A tetrafunctional naphthalenic epoxy resin (solid at 25°C, epoxy
equivalence: 167 g/eq., sofiening point: 68°C), represented by the following

formula:
0 0
AN I\
CH:"‘ H-CHrO . O‘Cﬂz"CH“ Hg
CH,
CH:‘CH‘CH:‘O O‘CHz"CH"CHz
\/ N/
0 0
[Component A, A2-2]:

Triphenylmethane epoxy resin (solid at 25°C, epoxy equivalence:
170 g/eq., softening point: 62°C) |
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0-CH.-CH~CH, 0-CH,~CH-CH,
\/ \\/ \/
0 0 0
O ——CH —————CH
0-CH,-CH-CH, 0-CH.~CH-CH,
\/ \/

— 0 —n 0
wherein n is nearly equal to 1.8.

[Component B, B2-1]:

;s

Allylated phenol novolak resin (liquid at 25°C, hydroxyl group

~ equivalence: 135 g/eq., manufactured by Showa Kasei, “MEH-8005H")

[Component C, C2-1]:
The same microcapsulated curing accelerator as that used as the curing
accelerator C1-11n Exampies and Comparative Example of the First

Embodiment described above was used.

[Component C, C2-2]:
MCE-9957 manufactured by NIPPON KAYAKU CO., LTD. (the same

one as in C1-2 mentioned above)

[Component C, C2-3]:
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2-Ethyl-4-methylimidazole (the same one as in C1-3 mentioned above)

Examples 2-1 to 2-3 and Coﬁmﬁve Example 2-1

| The epoxy resin and the phenolic resin were formulated in proportions as
shown in Table 2, and th_e mixture was blended at 110°C for 5 minutes to
dissolve the entire solid content. Next, the temperature was adjusted to 65°C.
Thereafter, a latent curing accélerator was added thereto, and homogeneously

mixed for 2 minutes.

Table 2
Examples Comp.
Exam-
ple
2-1 22 23 | 21

A2-1 167 - - -
A2-2 - 170 170 170
B2-1 135 135 135 135
C2-1 15.8 15.8 - -
C2-2 - - 15.8 -
C2-3 ' — - — 34
Viscosity, Paes _

at 25°C 4560 solid solid | solid

at 80°C | 13 15 16 7
Glass Transition 130 128 126 140
Temperature (°C)
Storage Stability Q © © X
Dischargeability and
Coating Workability © © © ©
Operable Time © © o x

With respect to each of the resulting resin compositions, the same
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evaluations as in the First Embodiment described above were made. The results
are shown together in Table 2.

It is clear from the results of the above Table 2 that the products of
Examples have a longer operable time period and more excellent storage stability,
as compared to those of the product of Conventional Example. Moreover, the
products of Examples have excellent dischargeability and coating workability,

and the resulting semiconductor device has excellent moisture tolerance

" reliability. Especially, since the specified microcapsulated curing accelerator is

used as a latent curing accelerator in the products of Examples 2-1 and 2-2, the
operable time is very long and the storage stability is excellent, as compared to
those in which the commercially available microcapsulated curing accelerator is |
used. .

On the other hand, since the curing accelerator which is not a latent curing
accelerator is used in the product of Comparative Example, it is seen that the

operable time is shortened, and the viscosity greatly changes during storage.

[Third Embodiment]

Examples and Comparative Examples of the Third Embodiment will be
described hereinbelow.

The component A (solid epoxy resin), the component B (solid phenolic
resin) and the component C (latent curing accelerator) used in Examples and

Comparative Examples of the Third Embodiment are as follows.

[Component A, A3-1]:
A crystalline epoxy resin (solid at 25°C, epoxy equivalence: 174 g/eq.,
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melting point: 79°C), répresented By the following formula:
CH, ~CH-CH —o—@-o—@o-cm-ca-(:ﬂ.
N N

[Component A, A3-2]:
A crystalline epoxy resin (solid at 25°C, epoxy equivalence: 173 gleq.,
melting point: 145°C), represented by the following formula:

0
C{z-\CH-CHrO
CCCHs)s
0L
0-Csl~CH-CH,
N/

[Component A, A3-3]:
_ A crystalline epoxy resin (solid at 25°C, epoxy equivalence: 195 g/eq.,
melting point: 105°C, manufactured by Yuka Shell), represented by the

following formula:
HaC CHs
CHz-CH-CHz—OHO-CH -CH-CH
\/ @ : \/ :
0 HsC CH.s 0
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[Component A, A3-4]:
A crystalline epoxy resin (solid at 25°C, epoxy equivalence: 190 g/eq.,
melting point: 78°C), represented by the following formula:

CH,

cu, ~CH-CHl,- —é:%cn,—{:é-ﬂ -0, -Ci-CH;
\O/

[Component A, A3-5]:
Triphenylmethane epoxy resin (solid at 25°C, epoxy equivalence:
170 g/eq., softening point: 62°C)

e o

0-CH,-CH~CH. 0~CH.~CH-CH, 0-CH,~CH~CH,

N/ N/ N/
Ci CH
O"CH 2 "CH"'CH 2 ' O‘CH 2 "‘CH 'CH 2
N/ N/
—— 0 —'n 0

wherein n is nearly equal to 1.8.

[Component A, A3-6}:
A tetrafunctional naphthalenic epoxy resin (solid at 25°C, epoxy
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equivalence: 167 g/eq., softening point: 68°C), represented by the following

formula:

0 | 0
| - /
5 c{,-\cri-ca,-o mo-cu,—crxf H,

CHz CH CHz @ O"CH:"CH"CHz

| 10 | [Component B, B3-1]:

. A mixture of a trifunctional phenolic resin and a tetrafunctional phenolic
resin (ratio of each peak area to entire pefak area: about 65 / about 30, as
determined by liquid chromatography, solid at 25°C, melting point: 132°C,
manufactured by Honshu Chemical Industry Co., Ltd., MHD-244LG)

15
[Component B, B3-2]: _ _
A trifunctional ph_eno]ic resin (sc;]id at 25°C, purity 98%, melting point:
94°C), represented by the following formula:

OH - OH

20
| @_cu, —‘—m

[Component B, B3-3]:
A phenolic resin (solid at 25°C), represented by the following formula:
25 ' |
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[Component C, C3-1}:
The same microcapsulated curing accelerator as that used as the curing

accelerator Cl-l in the First Embodiment described above was used.

[Component C, C3-2]: _
MCE-9957 manufactured by NIPPON KAYAKU CO., LTD. (the same

one as in C1-2 mentioned above)

[Component C, C3-3j:
2-Ethyl-4-methylimidazole (the same one as in C1-3 mentioned above)

Examples 3-1. 3-3 and 3-5

The epoxy resin and the phenolic resin were formulated in proportions as
shown in Table 3, and the mixture was blended at 150°C for 10 minutes to
dissolve the entire solid content. Next, the temperature was adjusted to 75°C.
Thereafter, a latent curing accelerator was added theréto, and homogeneously

mixed for 2 minutes.

Examples _3-2_g_nd 3-4 and Comparaﬁve Example 3-1

The epoxy resin and the phenolic resin were formulated in proportions as
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shown in Table 3, and the Ihixture was blended at 130°C for 10 minutes to

dissolve the entire solid content. Next, the temperature was adjusted to 65°C.

Thereafter, a latent curing accelerator was added thereto, and homogeneously

mixed for 2 minutes.
Table 3
Examples Comp.
Exam-
. ple
3-1 3-2 3-3 3-4 3-5 3-1
A3-1 174 - - - 174 -
A3-2 - 173 - - - 173
A3-3 - 195 - - - 195
A3-4 - 190 - - - 190
A3-5 - - 170 - - -
A3-6 - - - 167 - -
B3-1 92 - 92 - 92 -
B3-2 - 242 - - - 242
B3-3 - - - 99 - -
C3-1 107 283 107 116 - -
C3-2 - - - - 10.7 -
€33 ~ ~ - ~ - 4.8
Viscogity, Pass
at 25°C 500 9200 solid solid 600 | solid
at 80°C 0.1 03 200 180 0.15 3
Glass Transition 130 128 180 190 131 140
Temperature (°C)
Storage Stability © © © © O X
Dischargeability :
and Coating © © A A © ©
Workability _ '
Operable Time © © © O x
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With respect to each of the resulting resin compositions obtained in
Examples and Comparative Example, the same evaluations as in the First
Embodiment described above were made.  The results are shown together in
Table 3. -

It is clear from the results of the above Table 3 that the products of -
Examples have a longer operable time period and more excellent storage stability,
as compared to those of the product of Conventional Example. Moreover, the
products of Examples have excellent dischargeability and coating workability,
and the resulting semiconductor device has excellent moisture tolerance_
reliability. Especially, since the specified microcapsulated curing accelerator is
used as a latent curing accelerator in the products of Examples 3-1to 3-4, the
operable time is very long and the storage stability is especially excellent.

On the other hand, since the curing accelerator which is not a latent curing
accelerator is used in the product of Comparative Example 3-1, it is seen that the

operable time is shortened, and the storage stability is impaired.

As described above, the resin composition of the present invention
comprises an epoxy resin (the component A), a phenolic resin (the component B),
and a latent curing accelerator (the component C), wherein the resin composition
is a solid at 25°C, or a fluid having a specified viscosity range at each
temperature of 25°C and 80°C. Therefore, as compared to the conventional
liquid encapsulating material, the resin composition has a longer operable time,
and more excellent storage stability. Moreover, even if the resin composition

were a solid or semi-solid at room temperature, since the viscosity of the resin
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composition is dramatically lowered at a relatively low temperature of 40° to
80°C or so, and can be liquefied, the resin composition has excellent |
dischargeability and coating workability. Especially since the resin composition
of the present invention is a solid or semi-solid at an ambient temperature, the
resin composition can be freely handled at room temperature without curing after
encapsulation in a semiconductor element or a wiring printed substrate.
Therefore, the wiring printed substrate and the semiconductor element can be
connected by coating the resin composition to a semiconductor wafer, a matrix-
like wiring printed substrate or the like; thereafter cutting into individual
semiconductor elements or wiring circuit substrate, and fusing the wiring circuit
substrate with the semiconductor element by means of heat-and-pressure
bonding with a flip chip bonder.

Moreover, when the microcapsulated curing accelerator having a
core/shell structure comprising a core portion made of a curing accelerator and a
specified shell portion, wherein the core portion is coated with the shell portion,
is used as the latent curing accelerator (the component C), the resin composition
comprising the microcapsulated curing accelerator has a very long operable time,
so that the resin composition has an advantage that it is especially excellent in

the storage stability.
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WHAT IS CLAIMED IS:

1. A resin composition for sealing a semiconductor device
comprising:
(A) an epoxy resin;
(B) aphenolic resin; and
(C) alatent curing accelerator,
wherein the resin composition is a solid at 25°C or has a viscosity of not less

than 400 Paes at 25°C and of not more than 200 Paes at 80°C.

2. The resin composition according to claim 1, wherein the
component (A) is a liquid or solid epoxy resin and the component (B) is a liquid

or solid phenolic resin.

3. The resin cqmpositioh according to claim 1 or 2, wherein the

component (B) is a polyfunctional phenolic resin.

4, The resin composition according to claim 1, wherein the
component (C) is a microcapsulated curing accelerator comprising a core made
of a curing agent and a shell comprising a polymer having urea bonding formed

thereon.

5. The resin composition according to claim 1, wherein the latent -
curing accelerator has a property that a resin composition comprising the latent

curing accelerator has a viscosity at 80°C after treatment of 10 times or less than
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the viscosity before treatment, wherein the treatment comprises allowing the

resin composition to stand in an atmosphere of 50°C for 72 hours.

6. A semiconductor device comprising:
5 . a wiring circuit substrate;
plural connecting electrodes;
a sémiconductor element mounted on the wiring circuit substrate via the
plurai connecting electrodes; and
a sealing resin layer formed with the resin composition of claim 1,
10 wherein a gap between the wiring circuit substrate and the semiconductor

element is sealed by the sealing resin layer.

7. The semiconductor device according to claim 6, wherein the
sealing resin layer is formed by a step of:
15 (@) filling in a gap and curing the resin composition, or

(b) placing ina gap and curing a sheet-like product of the resin composition.

8. A semiconductor device comprising:
a wiring circuit substrate;

20 a semiconductor element mounted on the wiring circuit substrate, wherein
the wiring circuit substrate and the semiconductor element are electrically
connected; and-

an encapsulation resin layer formed with the resin composition of claim 1,
wherein the semiconductor element is incorporated in the encapsulation resin

25 layer, thereby encapsulating the periphery of the semiconductor element.
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9. The semiconductor device according to claim 8 produced by the
steps comprising:

placing the semiconductor elements on the wiring circuit substrate, and
electrically connecting the wiring circuit substrate with the semiconductor
elements, and |

feeding and curing the resin composition onto the semiconductor-mounted

surface of the wiring circuit substrate.

10. A mounted structure for a semiconductor device comprising:

an external substrate for mounting;

a semiconductor device mounted dn the extemal.substrate; and

a sealing resin layer formed with the resin composition of claim 1,
wherein a gap between the external substrate for mounting and the

semiconductor device is sealed by the sealing resin layer.

11. A semiconducltor wafer comprising plural semiconductor elements
arranged with. projected c-lectrodes on one side of the wafer, and a sealing resin
layer having a given thickness made of the resin composition of claim 1, wherein
the sealing resin layer is formed on the projecfed electrode-arranged side such
that at least a tip end of the projected electrodes is exposed from the sealiﬁg resin

layer.

12.  The semiconductor wafer according to claim 11, wherein the

sealing resin layer is formed by printing through an aperture of a mask.
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13. A semiconductor device comprising:

an external substrate for mounting;

a semiconductor element individually obtained by cutting the
semiconductor wafer of claim 11, wherein the external substrate and the
semiconductor element are electrically connected by heat-and-pressure fusing or
solder reflow in a state where a resin layer-forming side of the Semicdnductor
element faces the external substrate; and

a sealing resin layer formed between the semiconductor element and the

external substrate by thermally curing the resin layer.

14. A semiconductor device comprising: .

a matrix-like wiring circuit substrate comprising individual wiring
circuits;

plural semiconductor elements mounted on the wiring circuit substrate;
and |

an encapsulation resin layer formed with the resin composition of claim 1
on the entire plural semiconductor elements, wherein the semiconductor element
is incorporated in the encapsulation resin layer, thereby encapsulating the

periphery of the semiconductor element.



