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SEMICONDUCTOR DEVICE AND
PROCESS FOR PRODUCING THE SAME, AND
TABLET COMPRISING EPOXY RESIN COMPOSITION

BACKGROUND | OF THE INVENTION

Field of the Invention

The present invention relates to a tablet for producing a one-sided sealing-

. type semiconductor device, comprising an epoxy resin composition with

suppression in the generation of bowing and high reliability, a wafer with a resin

layer and a semiconductor device produced by using the tablet.”

Discussion of the Related Art

Conventionally, a cured resin layer is formed on one side of a wafer
comprising a plural projected electrodes by subjecting a tabiet comprising an
epoxy resin composition to hot press molding, wherein the epoxy resin |
composition is obtained by cold pressing molding. Howéver, in the wafer with a
resin layer in which a-cured resin layer is formed by using the tablet described
above, there arises a problem that bowing is generated. Specifically, when a
cured resin layer is formed by using the above-mentioned tablet, the bowing of
the wafer with a resin layer is undesirably caused because the physical properties
such as a coefficient of linear expansion of a cured product of an epoxy; resin
coniposition, which is the cured resin layer, are different from those of a wafer.
The wafer with a resin layer in which the bowing described .above is generated
causes troubles during conveying and dicing, and hés a defect that its

applicability to the substrate becomes poor. Furthei, there also arise some
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pro‘blems that a stress is generated at the interface of the wafer and the cured
resin layer, so that its reliability is impaired.

In additioﬁ, in the technique of packaging (sealing) a semiconductor

"element in the field of semiconductor devices in the recent years, one-sided

sealing-type semiconductor devices, for instance, have been remarked and
actually used. A semiconductor device in which a semiconductor element is
sealed by a cured product of an epoxy resin composition has excellent
mass-producibility and low costs. Further, the above-mentioned one-sided
sealing type semiconductor device can have high performance by highly

integrating the semiconductor element. In addition, in a method of mounting a

~semiconductor element to a board, which is the insulating substrate mentioned

above in a flip chip manner or a direct chip attachment manner, sealing is usually
carried out by one-sided sealing in a state of incorporating the semiconductor
element, or alternatively by filling a molten ’rhexmosgtting resin composition in a
void between the insulating substrate and the semiconductor device and curing
the composition. However, these semiconductor devices have some problems of

generation of bowing of the package caused by curing shrinkage of a sealing

| resin, and incongruence in the coefficients of linear expansion of the insulating

substrate and the sealing resin (cured product). In the semiconductor device in
which the bowing described above is generated, pealing or the like is caused at
the sealing interface by the stress due to bowing, so fhat its reliability is lowered,
thereby resulting in poor applicability to a substrate. Therefore, a solution to
such a problem is desired.

An object of the present invention to provide a tablet comprising an epoxy
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resin composition for producing a one-sided sealiﬁg-type semiconductor device
with suppression in the generation of bowing and _high reliability.

Another object of the present invention is to provide a wafer and a
semiconductor dévice produced by using a tablet comprising an epoxy resin
composition, and processes for producing the tablet and the wafer.

Still another object of the present invention 'is to provide a method of
preventing generation of Bowing of the wafer anci the semiconductor device.

Stiﬂ another object of the present invention is to provide a use of a tablet
comprising an epoxy resin compbsition for preventing generation of bowing of -
the wafer and the semiconductor device. |

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

fo]lowmg description.

SUMMARY OF THE INVENTION

The present inventors have again studied on causation of bowing of the
wafer with a resin layer from various angles. As a fesult, théy have found that an
amount reduced by heating of the tablet Before mol,ﬁing is one of causations of
bowing as well as conventionally known causations of curing shrmkage of the
cured resin layer and incongruence in coefficients of linear expansion of the
wafer and the cured resin layer. It is thought that the shrinkage of the resin is
caused by exhalation of volatile components remaining in the internal of the
cured resin layer when pressure-releasing. |

The same can be said for the causations of bowing of the package. Asa
result of further studies based on these findings, in jorder to suppress the

generation of thé above-mentioned bowing, the present inventors have found that



10

15

20

25

it is effective to reduce volatile components in the tablet usable for formation of
the cured resin layer of a wafer with a resin layer, or the volatile components in
the tablet before curing usable for sealing a semicoﬁductor element on the
insulating sﬁbstrate, and to diminish the amount redjmed by heating the tablet.
Therefore, the present inventors have found that by using a tablet having an
amount reduced by heating lower than a specified aiimount of the volatile
components, the shrinkage of the resin que to exhaletion when pressure-releasing
can be suppressed, whereby the generation of bowing can be consequently
suppressed. Also, the semiconductor device obtained by using the above-
mentioned tablet of course has high reliability with suppression in the generation
of bowing. |

In addition, the present inventors have found that by using as the tablet
one obtained by preparing a molten product comprising an epoxy resin
composiﬁen and cooling and solidifying the molten product, the compression
ratio of the tablet is made large and the resin of the tablet is made very dense, so
that the tablet is less likely to be hygroscopic, whereby a tablet having a small
amount reduced by heating can be obtained. Therefore they have found that
when a tablet of which compression ratio is very high and cured product has a
glass transition temperature of not less than a particular value is used, a

semiconductor device with more effective suppression of the generation of

bowing and high reliability can be obtained. Further, they have found that a

semmonductor device having high rehablhty can be obtained because the V01ds
in the molded product can be rediced by having a low volatile component
content and a high compression ratio. The present invention has been

accomplished based on these findings.
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Concretely, the present invention pertains to jthe.: followix:lg:
(1) atablet for producing' a semiconductor device with subst__antially no
bowing, comprising an epoxy resin composition c'Qt;nprising an epoxy resin and a
curing agent, wherein the tablet has the following characteristic (A): '
(A): an amount reduced by heating being less than 0.05% by -Weight;
(2)  the tablet according to item (1) above, obtainable by a process comprising
preparing a molten product of the epoxy resin comppsition in an uncured state,
and thereafter cooling and solidifying the molten pr_bduct;
(3)  the tablet according to item (1) or (2) above, further having at least one
characteristic selected from the group consisting of:
(B): a compression ratio of the tablet being 98% or more; and
(C): aglass transition temperaturé of a cured pfoduct of the tablet being 120°C
or more; |
(4)  a wafer with a resin layer comprising a plural projected electrodes and a
cured resin layer formed on a projected electrode-mounting side of the. wafer,
wherein the c;ured resin layer is formed by the tablet of any one of items (1) to
(3) above;
(5)  asemiconductor device obtainable by a process comprising diéing the
wafer with a resin layer of item (4) above into a given size;
(6)  asemiconductor device comprising an insulating substrate, a |
semiconductor element mounted on one side of the insulating substrate, and a
cured product of an epoxy resin composition, the semiconductor element being
incorporated in and sealed by the cured product, wherein the cured product of an
epoxy resin composition is formed by the tablet of any one of items (1) to 3)

above;
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. (7)  asemiconductor device comprising an insulating substrate, a
- semiconductor element mounted on one side of the insulating substrate via a

~ plural connecting electrodes, and a cured resin layer sealing a void between the

insulating substrate and the semiconductor element, wherein the cured resin layer

is formed by the tablet of any one of items (1) to (3) above;

~ (8)  aprocess for producing a wafer with a resin 1ayer éomplising a plural

- projected electrodes and a cured resin layer formed on a projected electrode-

mounting side of the wafer, comprising the steps of putting the tablet of any one
of items (1) to (3) above on the projected electrode-mounting side of the wafer,
and heating the tablet to be melt-cured, thereby forming the cured resin layer;

(9)  aprocess for producing a semiconductor device comprising an insulating

~ substrate, a semiconductor element mounted on one side of the insulating

substrate, and a cured product of an epoxy resin coinposition, the sémiconductor
element being incorporated in and sealed by the cufed product, comprising the
steps of putting the tablet of any one of items (1) to (3) above on the
semiconductor element, and heating the tablet to be melt-cured, thereby forming
the cured product;

(10) a process for producing a semiconductor device comprising an insulating
substrate, a semiconductor element mounted on oné side of the insulating
substrate via a plural connecting electrodes, and a cured resin layer sealing a void
between the insulating substrate and the semicondﬁctor element, comprising the
sfeps of heat-melting the tablet of any one of items (1) to (3) above, and filling
the void and curing the tablet, thereby forming the cured resin layer;

(11) amethod for prevenﬁng generation of bowing of a wafer, comprising

forming a cured resin layer on a wafer by using the tablet of any one of items )]
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to (3) above;
(12) amethod for preventing generation of bowing of a se;niconductor device,

comprising sealing semiconductor elements on one side of an insulating substrate

- by using the tablet of any one of items (1) to (3) abéve;

(13) use of a tablet of any one of items (1) to (3) _ébove for preventing
generation of bowing of a wafer in the production of the wafer in which a cured
resin layer is formed on the wafer; and |

(14) use of a tablet of any one of items (1) to (3) above for preventing
generation of bowing of a semiconductor device in the production of the
semiconductor device in which semiconductor elements are sealed on one side of |

an insulating substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an explanatory view showing one; example of a production
apbaratus for producing a tablet comprising an epoxy resin composition;

Figure 2 is a cross-sectional view showing o:ne example of a wafer with a
resin layer; |

Figure 3 is a cross-sectional view showing another example of a wafer
with a resin layer;

Figure 4 is a perspective view of one example of a semiconductor device;

Figure 5 is a cross-sectional view showing a state in which a
semiconductor device is mounted on éprinted circuit substrate;

Figure 6 is a cross-sectional view showing one example of a one-sided
sealing-type semiconductor device;

Figure 7 is a cross-sectional view showing one example of a
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semiconductor device having é face down structure;

Figure 8 is a cross-sectional view showing a production process of a
semiconductor device having a face down sh‘uctureﬁ

Figure 9 is a cross-sectional view showing a@other example of ﬁ
semiconductor device having a face down structure;s

Figure 10 is a cross-sectional view showing st111 another ef:ample ofa
semiconductor device having a face down structure;

Figure 11 is a cross-sectional view showing a state in which bowing of a
wafer with a resin layer is determined;

Figure 12 is a cross-séctional view showing a state in which bowing of a
wafer with a resin layer is determined; and |

Figure 13 is a cross-sectional view showing a state in which bowing of a

* wafer with a resin layer is determined.

~ DETAILED DESCRIPTION OF THE INVENTION

The tablet comprising an epoxy resin composition [hereinafter simply
referred to as “tablet”] of the present invention has the follbwing characteristic
(A):
(A): an amovnt reduced by heating being less than 0.05% by weight.
The epoxy resin composition usable for the preparation of the tablet comprisés
an epoxy resin and a curing agent.

The above-mentioned epoxy resin is not particularly limited, and |
conventionally known various epoxy resins, for instance, cresol novolak epoxy
resins, phenol novolak epbxy resins, bisphenol A ei)oxy resins, naphthalene

epoxy resins, biphenyl epoxy resins, and the like cén be used. Among the
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various epoxy resins, it is preferable that the epoxy resin represented by the

following géneral formula (1):

OCH . CHCH, [ OCH.CHCH. 7] OCH ,CHCH .

CH ® CH
L
R, ’ B _ Rs ] m Rs
R: ocmcn}:ﬂ, Re OCHzCH}JH,

(1)

.wherein each of R, to R;, which may be identical or different, is hydrogen atom

or an alkyl group having 1 to 5 carbon atoms; and m is O or a positive number of
5 or less,

is used as all or a part of the epoxy resin component, from th;e viéwpoint of
reducing the bowing by improvement in the glass transition 'temperature.~

A preferable curing agent which is usable together with the above-.
mentioned epoxy resin includes a phenolic resin. The curing agent is not
particula_rly limited thereto, and any of conventionally known ones can be used. .
The curing agent includes, for instance, phenol novolak, cresol novolak,
bisphenql A novolak, naphthol novolak, triphenylmethane type phenolic resins,
phenol aralkyl resins, and the like.

It is preferable that the formulation ratio of the above-mentioned cpoxy
resin to the above-mentioned phenolic resin is adjusted such that hydroxyl
groups in the phenolic resin is from 0.7 to 1.3 equivalents, and especially from
0.9t0 1.1 equivalents per one equivalent of the epoxy gl'oup in the above-
mentioned epoxy resin. "

Itis preferébl'e to further use an inorganic filler together with the above-
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mentioned epoxy resin a1:1d the phenolic resin. The'inorganic filler includes
those in pulverized, ground, or spherical forms, and conventionally known
various fillers can be used without particular limita@:ion. The inorganic filler
includes, for instance, silica powders such as silica ;glass powder, talc, fused
silicg powder and crystalline silica powder; alumina; silicon nitride; aluminum
nitride; silicon carbide; and the like. These inorgan:ic fillers can be uséd alone or'
in admixture of two or more kinds. It is preferable to use the fused silica powder,
from the viewpoint of ﬂu;idity, especially spherical fused silica powder. As the
above-mentioned inorganic filler, it is preferable that the average particle size is
in the range of from 0.1 to 50 um as determined by laser particle size analyzer,
more preferably from 0.1 to 30 pm, still mbre préferably 0.5 to 10 ym.

It is preferable that the content of the above-mentioned inorganic filler is
adjusted to make up 60 to 95% by weight of the epbxy resin composition.

In the above-mentioned epoxy resin composition, besides the
above-mentioned epoxy resin, the phenolic resin and the inorganic filler, there
can be optionally properly added a curing accelerator, a pigment, a mold-
releasing agent, a flexibility imparting agent, a coupling agent such as a silane
coupling agent such as silane coupling agents containing epoxy group, amino
group, mercapto group, vinyl group or methacryl group, such as
y-glycidoxypropyl trimethoxysilane; an ion trapping agent, a flame retarder, a
tackifying agent, and the like.

The above-mentioned curing accelerator is not particularly limited, as
long as the curing accelerator acts to accelerate the reaction between epoxy
group and hydroxyl group. The curing accelerator includes, for instance,

diazabicycloalkene compounds such as 1,8-diazabiicyclo[5.4.0]undecene-7, 1,5-
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diazabicyclo[4.3.0]nonene-5; tertiary amines such as triethylenediamine;
imidazoles such as 2-methy]imida201e; phosphorus-containing compounds such
as triphenylphosphine; and the like. These compounds can be used alone or in
admixture of two or more compbunds.

The above-mentioned pigment includes carbon blacks, titanium oxide,
and the like. Also, the above-mentioned mold-releasing agent includes carnauba
wax, polyethylene waxes, paraffins, esters of fatty acids, salts of fatty acids, and
the like.

The above-mentioned flexibility imparting agent includes various silicone
compounds, acrylonitrile-butadiene rubber, and the like.

The above-mentioned ion trapping agent includes bismuth hydroxide,
hydrotalcitg compounds, and the like.

-The abdve-mentioned flame retarder includes brominated novolak epoxy
resins, brominated bisphenol A epoxy resins, metal compounds such as antimony
trioxide, antimony pentoxide, metal hydroxides such as magnesium hydroxide
and aluminum hydroxide, red phosphorus, phosphorﬁs-contahﬁng-compounds
such as phosphates, and the like. These flame retarders can be used alone or in
admixture of two or more kinds.

Further, aé a flame retarder other than the flame retarders mentioned
above, there can be used composite metal hydroxide having a polyhedral shape
represented by the general formula (2):

M, xQx(OH), )

wherein M is at least one metal atom selected from the group consisting of Mg,
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Ca, Sn and Ti; Q is at least one metal at:om sélecfed from the group consisting of
Mn, Fe, Co, Ni, Cu and Zn; and X is a positive number 0of 0.01 to 0.5.

This composite metal hydroxide has the crystalline structure of a pélyhedral
form.. It does not have a conventional hexahedral form, or a platy form having
thin thickness such as scaly form for the crystalline structure. Rather, it refers to
a composite metal hydroxide having large crystal growth in the direction of .
thickness (c-axis direction) as well as m the length and width directions,
including, for instance, those haviﬁg a gl'anular crystalline form which are made
to resemble steric and spherical form by the crystal growth of a platy crystal in
the direction of thickness (c-axis direction), the granular crystalline forms
including, approximate dodecahedron, approximate octahedron, approximate

- tetrahedron, and the like.

For instance, the composite metal hydroxide having large crystal growth
in the direction of thickness (c-axis direction) as well as in the length and width

| directions, and a desired polyhedral crystalline form, can be obtained by

controlling various conditions in the manufactllﬂng process of the composite
metal hydroxide, and may be usually a mixture of various shapes.

Concrete representative examples of the composite metal hydroxide
include a hydrate bf magnesium oxide and nickel oxide; a hydrate of magnesium
oxide and zinc oxide, a hydrate of magnesium oxide and copper oxide, and the
like.

In addition, the composite metal hydroxide having a polyhedral form has
an aspect ratio of usually from 1 to 8, preferably from 1 to 7, especially

preferably from 1 to 4. The aspect ratio referred to herein is expressed by a ratio

- of length to width of the composite metal hydroxide. In other words, in a case
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where the aspect ratio exceeds 8, the effect on a decrease in viscosity becomes

poor when an epoxy resin composition comprising the composite metal
hydroxide is melted.

The tablet made from the above materials can be prepared, for instance, as

follows. In other words, the above-mentioned epoxy resin composition is

dry-blended with a mixer, for instance, a Henschel mixer, and the resulting
mixture is melt-kneaded with a kneading extruder. Thereafter, the molten
product is filled into a tablet mold, and the filled material is pressed with cooling
the above-mentioned mold by allowing water to flow through the mold. After
termination of cooling, the formed tablet is taken out from the mold to give. a
tablet. ' |

In the above-mentioned preparation steps, it is preferable that the melt-
kneading temperature is adjusted to 60° to 150°C, that a molten resin
temperature during filling is adjusted to 80° to 120°C, and that a mold
temperature is adjusted to 5° to 50°C, respectively.

In the pressure-molding of the molten resin within the above-mentioned
mold, a preferable methbd comprises arranging the upper and lower plungers in
the tablet mold so that the mold can be closed with the motion of the plungers,
and molding a molten resin composition fed to the tablet mold by the operation
of the plungers, with pressing at a pressure of 490 X 10* to 2940 X 10° Pa or so.

Further, the production process of the tablet will be explained more
concretely hereinbelow. Figure 1 is a view showing one examplé of a production
apparatus for producing a tablet. 11 Is a kneading extruder, which comprises a
cylinder 12 in which a screw (not illustrated in the figure) is installed. 13 Is a
mold holder which moves in left and right directions along a tracking rail 14, and
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is equipped with a cooling jacket. Mso, 16 is a tablet n..lold, which is closed by
an upper plunger 17 and a lower plunger 18. 19 Is a resin feed pipe attached at
tip end of the cylinder 12 of the kneading extruder 11, m which a stirrer is
installed, and a discharge outlet 20 is slidably contacted to an upper face of the
mold. In Figure 1, 21 is a tablet delivery mechanism.

In order to produce a tablet by using the production apparatus described
above, first, a mixture is prepared by mixing each of thé above-mentioned
components with a Henschel mixer. Next, this mixture. is delivered into a hopper
(not i]lusirﬁted in the figure) of a kneading extruder 11, and the resin’
composition in the above hopper is delivered into a cylinder 12 of the kneading
extruder 11 by rotation of a screw installed in the cylinder 12. The resin
composition is kneaded with heat melting at a temperature of from 60° to 150°C,
and the molten epoxy resin composition is filled in a tablet mold 16 via a resin
feed pipe 19 by an extrusion force of the screw. Thereafter, after the filling of
the molten epoxy resin composition in the tablet mold 16 is completed, amold
holder 13 moves right (or left). When the left (or leff) tablet mold 16 reaches the
position of a discharge outlet 20 of the resin feed pipe 19, the mold holder 13 is
stopped. The molten epoxy resin composition filled in the tablet mold 16 moved
right (or left) is molded with pressing with an upper plunger 17 and a lower
plunger 18 at a pressure of 490 X 10* to 2940 X 10° Pa or so. Cooled water of
which temperature is adjusted to 5° to 50°C is circulated through the cooling
jacket of the mold holder 13. _ .

| Next, the cooled resin (25° to 60°C or s0) is ejected upwardly by the
lower plunger 18, and the ejected resin, i.e. the tablet, was discharged in é
forward direction by a tablet delivery mechanism 21. Thereafter, on completion'
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of filling of the resin in the left (or right) mold, the mold moves right (or left),

and the above-operation is repeafed, whereby tablets can be produced in a

continuous manner.

The tablet produced as described above is required to have the following

~ characteristic (A):

- (A): an amount reduced by heating being less than 0.05% by weight.

The amount reduced by heating is preferably 0.04% by weight or less,
more preferably 0.03% by weight or less.
Further, it is more preferable that the tablet has at least one characteristic

selected from the group consisting of:

(B): acompression ratio of the tablet being 98% or more, preferably 99% or
more, more preferably 99.3% or inore; and _
(C): aglass transition temperature of the cured product being 120°C or more,

preferably 130°C or more.

In the above-mentioned characteristics (A) and (B), the more the amount
reduced by heating [characteristic (A)] approximates 0% by weight, the more
preferable, and the more the compression ratio of the tablet [characteristic (B)]
approximates 100%, the more preferable.

The amount reduced by heating in the above-mentioned characteristic (A)
is obtained as follows. Specifically, the obtained tablet is heated at 175°C for
1 hour, and the weights before and after heating are determined, and the amount

reduced by heating is calculated as follows:
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Amount

Reducedby  _ _(Initial Welght) — (Weight after Heating) % 1 00
Heating (Initial Weight)

(% by weight)

The compression ratio in the characteristic (B) of the tablet is obtained as
follows. Specifically, the compression ratio of the above-mentioned tablet is a
ratio of an apparent specific gravity of the tablet and a specific gravity where
voids inside he tablet are zeroed (true specific gravity). For instance, when a
specific gravity of the resin cured product of the tablet is denoted by p, a volume
of the tablet is denoted by V, and a weight of the tablet is denoted by W, the
compression ratio of the tablet can be calculated by the following equation:

CompressionRatio  _ | _(W/p) |, 100
of Tablet (%) v

The above-mentioned resin cured product of the tablet can be obtained by curing
the resin composition with a transfer molding mach'ihe_ at 175°C for 10 minutes
under a pressure of 1960 X 10* Pa or so.

The glass transition temperature in the above-mentioned characteristic (C)
of the cured product is obtained as follows. Specifically, the above-mentioned
tablet is cured by a transfer molding machine at 175°C for 10 minutes, to give a
resin cured product (size: 4 mm X 3 mm X thickness 20 mm). The resin cured
product is cured at 175°C for 5 hours, and then dried at 95°C for 24 hours.
Thereafter, the elongation of the above-mentioned cured product of the epoxy
resin composition is determined by using a thermomechanical analyzer (TMA

device commercially available from Rigaku, model number MJ-800GM) in a
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temperature range of 30° to 250°C, and a glass transition temperature can be

obtained from this determination. The determination condition is a heating rate

of 5°C/minute.

A first embodiment of the present invention pertains to a wafer with a
resin layer produced by using a tablet. As shown in Figure 2, the wafer with a
resin layer 1 of the present invention comprises a plural projected electrodes 2
anda cﬁred resin layer 3 formed on a projected electrode-mounting side of the
wafer 1. In the present invention, a wafer refers to a thin plate semiconductor in
which an electrode layer as well as the above-mentioned projected electrodes 2 is
mounted on the surface thereof.

Figure 3 is another example of .the wafer with a resin layer of the present
invention. Specifically, a wafer with a resin layer is formed such that a surface
of a cured resin layer formed on a wafer 1 shares the same plane with a tip end of
the projected electrodes 2°.

The material for the above-mentioned plural projected electrodes 2 is not
particularly limited. The material includes, for instance, gold, silver, copper,
aluminum, nickél, chromium, tin, lead, solder, and alloys thereof. In addition,
the shape of the above-mentioned plural projected electrodes 2 is not particularly
limited. Itis preferable that the surface of the electrodes has projected shape.

The material for the above-mentioned wafer 1 is not particularly limited,

'and there are included any of ones conventionally used, for instance, GaAs wafer,

Si wafer, and the like.
The above-mentioned cured resin layer 3 is formed by using the tablet of

the present invention, and the feature of the present invention resides in that a
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éemiconductor element is sealed by using the tablet as described above.

The resin with a wafer of the present invention can be prepared by using
the above-mentioned tablet, heat-melting the tablet. by means of transfer molding,
compression forming, or the like to form a resin layer on a wafer, and curing the
resin layer. In other words, the wafer with a resin layer can be prepared by
putting ﬁe tablet of the present invention on the prbjected electrode-mounting
side of the wafer, and heating the tablet and melting and curing it to form a cured
resin layer.

In the process for producing the above-mentioned wafer with a resin layer,
the heating temperature at which the tablet is heated and melted to give a molten
state is preférably in a range of from 130° to 200°C, especially preferably from
150° to 190°C. |

The heating temperature at which the above-mentioned resin layer is
cured to form a cured resin layer is preferably in a range of from 150° to 190°C.

In the wafer with a resin layer obtained by using the above-specified
tablet, the size of the wafer, for instance, is such that the diameter is usually in
the range of 12.7 to 30.48 cm.

In the preparation of the wafer with a resin layer formed by the above-
mentioned compression m(;lding methoi there is employed a method of
exposing a tip end of the projébted electrodes from the side of the cured resin
layer by usiﬁg, for instance, a ﬁ]m, without being limited to this method.

Besides the above-mentioned method using a film, there is included, for instance,
a method compﬁsing irradiating laser beam on the cured resin layer-forming side
of the wafer with a resin layer which is in a state such that all of the projected

electrodes are embedded in the cured resin layer to remove the surface of the
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cured resin layer, therefby exposing a tip end of the projected electrodes from the
cured resin layer surfaq_e. As a substitute of laser beam irradiation mentioned
above, there is included a method empldying etching treatment, mechanical
polishing, blasting treaﬁnent or the like. In the laser beam irradiation mentioned
above, YAG laser, carBon dioxide gas laser, excimer laser, or the like can be
employed.

Thereafter, the \;vafer, with a resin layer obtaine_& by the above process is
diced into a given size (size of semiconductor element unit), whereby a
semicondugtor device éan be obtained, in which as shown in Figure 4, a cured
resin layer 3 is formed on a plural projected electrodes 2-mounting side 6f a
semiconductor element 6 so that a tip end of the abové-mentioned projected
electrodes 2 is exposed. |

The method for dicing-the above-mentloned wafer with a resin layer to a
given size is not particularly limited, and any of conventlonally known methods
such as diamond scriber method, laser scriber method, blade dicing method, and
the like can be employed.

The above-mentioned semiconductor device obtained by dicing the wafer
into a given size can be used in an embodJment, for instance, as shown in Figure
5,a semiconductor device is mounted on a printed circuit substrate 7 sothata
connecting electrode 4 of the prip’ted circuit substrate is bonded with a projected

electrode 2 of the semiconductor device.

A second embodiment of the present invention pertains to a one-sided
sealing type package which is a semiconductor device comprising an insulating

substrate, a semiconductor element mounted on one side of the insulating
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substrate, and a cured product of the tablet of the present inirention, the
semiconductor element being incorporated in and sealed by the cured product.
Concrete examples of the semiconductor device of the present invention in
which the semiconductor element is incorporated in and sealed by thé cured
product include semiconductors in package forms which are so-called “BGA
(Ball Grid Array),” as shown in Figure 6. In this semiconductor device, a
semiconductor element 6 is mounted on an insulating substrate 5, and the above-
mentioned semiconductor element 6 is sealed by the cured product 8 of the tablet
of the present invention. The sealing by the epoxy resin composition is carried
out only on the semiconductor element 6-mounting side of the insulating
substrate 5 (one-sided sealing). An approximate spherical connecting electrode 4
is provided on the side opposite to the side of sealing the semiconductor element
of the insulating substrate 5. In Figure 6, 10 is a wire.

The above-mentioned substrate material is not particularly limited, and
any of various conventionally known substrate materials can be used. Concrete
examples thereof include bismz;leimidouiazine (BT) resin/glass cloth substrates,
epoxy resin/glass cloth substrates, jiolyimide substrates, ceramic substrates, and
the like.

The process for production of the semiconductor device of the present
invention in which the semiconductor element is.incorporated in and sealed by a
cured product of the epoxy resin composition is not particularly limited, and the
semiconductor device can be produced by a conventionally known method, for
instance low-pressure transfer molding method or the like. Specifically, the
semiconductor device can be produced by putting the tablet of the present '

invention on a semiconductor element, and heating to melt and cure the tablet, to
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form a cured product of the epoxy resin composition.

A third embodiment of the present invention pertains to a semiconductor
device in which a semiconductor element is mounted on one side of a mother
board or a daughter board in a face déwn structure (flip chip method, direct chip
attachment method, or the like), and a process for producing the semiconductor
device. The semiconductor device having a face down structure of the present
invention, as shown in Figure 7, has a structure in which a semiconductor
element 6 is mounted on one side of an insulating substrate 5 via a plural
connecting electrodes 4. Therefore, a cured resin layer 3 is formed between the
above-mentioned insulating substrate 5 and the semiconductor element 6.

The above-mentioned plural connecting electrodes 4 which electrically
connect the above-menﬁoﬂed insulating substrate 5 with the semiconductor
element 6 may be previously mounted on the side of the insulating substrate 5, or
thg piural connecﬁng electrodes 4 may be respectively mounted on the side of
the insulating substrate 5 and the side of the semiconductor element 6.

In the present invention, the connecting electrode may be referred to those
only composed of known electrodes, and also iﬂc’iude those composed of an
electrode and a conductor equipped with the electrode such as joint ball.
Therefore, in general, the connecting electrodes of the insulating substrate may
be communicated with the connecting electrodes of the semiconductor elements
only by elecu'odeg. However, it is preferable that the electrodes of the
connecting electrodes are usually communicated in such a manner that the
connectipg electrode comprises a plural electrodes and a joint ball attached to at

least one side of the electrodes.
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Therefore, in a preferred embodiment, the plural connecting electrodes 4
which electrically connect the insulating substrate 5 with the semiconductor
element 6 may be previously provided with a joint bump, a joint ball or the like
on the side of the insulating substrate 5, or provided with a joint bump, a joint
ball or the like on the side of the insulating substrate 6. Further, the plural
connecting electrodes may be both provided with a joint bump, a joint ball or the
like on the side of the insulating substrate 5 as well as on the side of the
semiconductor element 6. _

The materials for the above-mentioned plural co’ﬁnecting electrodes 4
(joint bump, joint ball or the like) are not particularly limited. The materials
therefor include a stud bump made of gold, low-melting point and high-melting

* point bumps made of soldering, a bump comprising a copper-nickel core and

gold plating formed thereon, excluding a case in which both the side of the
semiconductor element and the side of the insulating substrate are subjected to
gold plating or take the form of stud bump made of gold.

In addition, the materials for the above-mentioned insulating substrate 5
are not particularly limited and include ceramic substrates and plastic substrates.
The plastic substrate includes, for instance, epoxy substrates,
bismaleimidotriazine (BT) resin/giass cloth substrates, polyimide substrates, and
the like.

Accordingly, the above-mentioned cured resin layer 3 is formed by using
the tablet of the present invention, and thé fea_ture of the present invention resides
in .sealing the semiconductor element by using the tablet described above.

The semiconductor device having a face down structure of the present

invention can be, for instance, produced in the following manner.
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First, as shown in Figure 8, a semiconductor element 6 is mounted on an
insuléting substrate 5 via the connecting electrodes 4, the insulating substrate 5.
on which plural spherical connecting electrodes (oint balls) 4 are mbunted. |
Subsequently, a specified tablet is fed into a molding machine, thereafter this
tablet is heat-melted to give a molten state, and the molten product is pressed.
The void between the above-mentioned semicondl;'ctor element 6 and the above-
mentioned insulating substrate is filled with the tablet in the molten state, and the
€poxy resin composition is cured to seal the void mentioned above, thereby
forming a cured resin layer 3. As described above, a semiconductor device as
shown in Figure 7 can be produced.

In addition, in the process for producing the above-mentioned
semiconductor device, the heating temperature when the above-mentioned tablet
is heated and melted to give a molten state is preferably in the range of 70° to
300°C, especially preferably in the range of 120° to 200°C, in éonsideraﬁon of

deterioration of the semiconductor element 6 and the insulating substrate 5, and

~ the like. The heating means include infrared reflow furnace, dryer, hot-air fan,

hot plate, and the like.

. Further, when the above-mentioned tablet in the molten state is filled in
the void between the above-mentioned semiconductor element 6 and the
insulating .substr'ate 5, it is preferable that the molten tablet is pressed as
mentioned above. The pressing conditions can be properly adjusted by the
number of the connecting electrodes (joint balls) 4, and the like. Concretely, the
pressure is adjusted to a range of preferably 490 x 10*to 1960 x 10? Pa, more
preferably 588 x 10* to 1176 X 10* Pa. Figure 9 and Figure 10 each is a cross-

sectional view showing an example of a semiconductor device having a face
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- down structure, wherein the numerals represented herein are the same as those in

Figure 7.

In the semiconductor device obtained by using the specified tablet, it is
preferable that the size of the semiconductor element 6, for instance, is usually
adjusted to a'size of 5 to 30 mm inwidth, 5 to 30 mm in length, 0.1 f0 0.8 mm in
thickness. In addition, it is preferable that the size of the insulating substrate 5
which forms a wiring circuit on which the semiconductor element 6 is mounted
is usually adjusted to a size of 10 to 100 mm in width, 10 to 100 mm in length,
and 0.1 to 3.0 mm in thickness. It is preferable that the distance of the void
between the semiconductor element 6 and the insulating substrate 5 to whiéh the

molten sealing resin is filled is usually adjusted to 5 to 100 pm.

EXAMPLES -
Example A
First, prior to carrying out the Examples, each of the following
componeﬁts was prepared.
[Epoxy Resin A]

- An epoxy resin (epoxy equivalence: 170, softening point: 60°C),
represented by the following formula:

0CH2CH}:H2 - OCHzCH?H 2 7 ~OCH zCH}IH:

O~@©\ O
._ _Jm

OCH 2CHCH, 'OCHzCH}:Hz .
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[Epoxy Resin B] _
An epoxy resin (epoxy equivalence: 175, melting point: 142°C),
represented by the following formula:

0
/\
OCH. CHCH.,
C(CHs) s

(CHs),C
0CH=CH?H=

[Curing Agent]
A phenol novolak resin (hydroxyl group equivalence: 105, softening point
60°C)

[Curiﬁg Accelerator]
1,5-diazabicyclo[4.3.0Jnonene-5 (DBN)
Tetraphenylphosphonium tetraphenylborate (TPP-K)

[Spherical Silica Powder]
Spherical fused silica powder (average particle size: 3 um)

[Coupling Agent]
v-Methacryloxypropyltriethoxysilane
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xamples Al to A6

Each of the components shown in Table 1 given below was supplied to a
Henschel mixer in proportions shown in the same table, and the components
were mixed therein for 30 minutes. Thereafter, the resulting mixture was
supplied into a kneading extruder shown in Figure 1 described above, and a
tablet comprising an epoxy resin composition was prepared in the manner
described above. Specifically, the molten resin composition was injected into a
tablet mold (inner diameter: 13 mm, height: 20 mm) with an extrusion force
exerted by the kneading extruder, and the injected resin composition was
pressure molded under a pressure of 1 X 107 Pa, with circulating cooled water in
the mold holder at a temperature of 20°C. The resulting tablet was ejected from
the mold by the upward lunge of the lower plunger, to give an epoxy resin

composition tablet.

Comparative Examples Al to A3

Each of the componénts shown in Table 2 given below was formulated in
proportions shown in the same table and melt-kneaded in a mixing roller at a

temperature of 100°C for 3 minutes. The melt-kneaded mixture was cooled and

- solidified, and thereafter pulverized and tableted, to give an epoxy resin

composition tablet.

Comparative Example A4

Each of the components shown in Table 2 given below was formulated in
proportions shown in the same table. Each epoxy resin composition tablet was

prepared in the same manner as Examples A1 to A6 so as to have an amount
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reduced by heating and a compression ratio as shown in Table 2.

Using each epoxy resin composition tablet as obtained above, the amount

reduced by heating, the compression ratio, the glass transition temperature of the

cured product were respectively determined in accordance with the method

described above. The results are also shown in Tables 1 and 2.

Table 1
(parts by weight)
Example No. Al A2 A3 A4 AS A6
Epoxy Resin A 100 100 100 100 100 30
Epoxy Resin B - - - - - 60
Brominated Epoxy Resin 13 13 - - - 15
 Phenol Novolak Resin 60 60 60 60 . 60 60
DBN 1 1 1 1 1 -
TPP-K - - - - - 7
Spherical Silica Powder 1200 680 700 700 700 680
Coupling Agent 1.8 1.8 1.8 1.8 1.8 1.8
Carbon Black 7 7 7 7 7 7
Antimony Trioxide 11 14 - - - 14
Carnauba Wax 1 1 1 1 1 1
Amount Reduced by 004 003 003 002 003 0.04
Heating (% by weight)
Compression Ratio (%) 995 995 995 995 980 995
Glass Transition 180 178 178 178 178 145

Temperature (°C)
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Table 2

: (parts by weight)
Comparative Example No. Al A2 A3 A4
Epoxy Resin A 100 100 100 40
Epoxy Resin B - - - 80
Brominated Epoxy Resin - - - -
Phenol Novolak Resin 60 60 60 50
DBN 1 1 1 1
TPP-K : — - - -
Spherical Silica Powder 700 700 700 700
Coupling Agent 1.8 1.8 1.8 1.8
Carbon Black 7 7 7 7
Antimony Trioxide - - - -
Carnauba Wax 1 1 1 1
Amount Reduced by 006 015 019 0.12
Heating (% by weight)
Compression Ratio (%) 98.0 980 930 995
Glass Transition 175 175 175 129
Temperature (°C)

Thereafter, the wafer with a resin layer was prepared in the following
manner by using each epoxy resin composition tablet obtained above.
Specifically, a wafer comprising a plural projected electrodes was mounted on a
lower mold of the molds for producing a semiconductor device comprising an
upper mold and a lower mold in such a manner that the projected electrodes were
facing the upper mold. At the same time, the above-mentioned epoxy resin
composition tablef was mounted on the wafer, and a film commercially évailable

from NITTO DENKO CORPORATION under the trade name MPS-31 was
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provided between this tablet and the upper mold. Next, an entire mold was

" heated to 175°C by using a heater installed in the above-mentioned mold for

producing the semiconductor device, and the tablet was compressed at a pressure
of 9800 N by dropping the upper mold downwardly. A resin layer (uncured) was
formed on a projected electrode-mounting side of the wafer, with compression-
deforming the tablet softened by heating. By repeating the above processes, a
resin layer having a thickness of 100 pm is formed on a side comprising
projected electrodes of the wafer.

Next, the above-mentioned resin layer was cured by heating (175°C), to
form a cured resin layer. Thereafter, the wafer with formed cured resin layers
was taken out of th_e mold, and the film commercially available from NITTO
DENKO CORPORATION secured to the cured resin layer was peeled off,
whereby exposing tip ends of the projected electrodes in an embedded state to
the film. Thus, there was prepared a wafer with a resin layer as shown in Figure
2 comprising a plural projected electrodes 2 and a cured resin layer 3 formeﬁ on
a projected electrode-mounting side of the wafer 1.

Wafer used: 8 inch (20.32 cm) wafer, thickness: 680 pm, made of Si

The bowing of each wafer with a resin layer as obtained above was
determined by the method described below. The results are shown in Tables 3
and 4.

[Determination of Bowing of Wafer with Resin Layer]
The bowing was determined for each of the resulting wafers with a resin

layer by measuring an extent of bowing L shown in Figure 11 using a
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microdepth meter. In Figure 11, 3 is a cured resin layer (cured product of an

epoxy resin composition), 1 is a wafer, and 2 is projected electrodes.

_ Table 3
Example No. Al A2 A3 A4 A5 A6
BowingL (mm) 1.5 1.3 1.5 1.4 1.5 1.9

Table 4

Comparative Al A2 A3 A4
Example No.

Bowing L (mm) 2.4 3.0 45 52

As is clear from Tables 3 and 4, it can be seen that the products of
Examples have very small values of bowing as compared with those of
10 Comparative Examples, so that a wafer with a resin layer having high reliability
can be obtained. Therefore, a semiconductor device obtained by dicing the wafer
with a resin layer of the products of Examples to a given size by a blade dicing

method of course has little bowing and high reliability.

15 Example B

First, prior to the Examples, each of the following components was

prepared.

[Epoxy Resin A]
20 The same as Epoxy Resin A in Example A
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[Epoxy Resin B]
An epoxy resin (epoxy equivalence: 173, melting point: 100°C),
represented by the following formula:

"~ HsC - G, .
CH,-CH-CH.-0 0-CH.-CH-CH;
Y Y,

0 Hs (Hs -0

[Epoxy Resin C] |
The same as Epoxy Resin B in Example A

[Curing Agent] |

A phenol novolak resin (hydroxyl group equivalence: 105, softening point

60°C)

[Curing Accelerator]
1,5-diazabicyclo[4.3.0]nonene-5 (DBN)

[Spherical Silica Powder]
Spherical fused silica powder (average particle size: 25 pm)

[Composite Metal Hydroxide]
- Mgo 3Zny 2(OH), (polyhedral shape, average particle size: 1.7 um)

[Coupling Agent]
v-Methacryloxypropyltriethoxysilane
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Examples B1 to B6

Each of the components shown in Table 5 given below was supplied to a
Henschel mixer in proportions shown in the same table, and the components
were mixed therein for 30 minutes. Thereafter, the resulting mixture was
supplied into a kneading extruder shown in Figure 1 described above, and a
epoxy resin composition tablet was prepared in the manner described above.
Specifically, the molten resin composition was injected into a tablet mold (inner
diameter: 13 mm, height: 20 mm) with an extrusion force exerted by the
kneading extruder, and the injected resin composition was pressure molded
under a pressure of 980 X 10* Pa, with circulating cooled water in the mold
holder at a temperature of 20°C. The resulting tablet was ejected from the mold
by the upward lunge of the lower plunger, to give an epoxy resin composition

tablet.

Comparative Examples B1 to BS

Each of the components shown in Table 6 given below was formulated in
proportions shown in the saxﬁe table and melt-kneaded in a mixing roller at a
temperature of 100°C for 3 minutes. The melt-kneaded mixture was cooled and
solidified, and thereafter pulverized and tableted, to give an epoxy resin

composition tablet.

Using each epoxy resin composition tablet as obtained above, the amount

reduced by heating, the compression ratio, the glass transition temperature of the

cured product were respectively determined in accordance with the method
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described above. The results are also shown in Tables 5 and 6.

Table 5
(parts by weight)

Example No, Bl B2 B3 B4 B5 B6
Epoxy Resin A 100 30 30 30 30 15
Epoxy Resin B | - 7 - 70 70 -
Epoxy Resin C - - 70 - - - 85

- Phenol Novolak Resin 66 65 60 60 60 60
DBN . 1 1.5 1.5 1.5 1.5 15
Brominated Epoxy Resin 0 1 10 - - 10
Sphericat Silica Powder 1200 1600 1500 1400 1400 1600
Composite Metal Hydroxide - - - 100 15 -
Red Phosphorus - - - - 1 -
Coupling Agent 2 2 2 2 2 2
Carbon Black 3
Antimony Trioxide 10 10 10 - - 10
Carnauba Wax 3 3 3 3 3 3
Amount Reduced by 004 003 003 003 004 0.03
Heating (% by weight)
Compression Ratio (%) 995 995 99.5 99.0 100 100
Glass Transition 180 160 160 160 160 145

Temperature (°C)
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Table 6 .
(parts by weight)

Comparative Example No. Bl B2 B3 B4 BS
Epoxy Resin A 100 100 30 30 -
Epoxy Resin B - - 70 70 -
Epoxy Resin C ' - - - - 100
Phenol Novolak Resin 6 66 65 65 60
DBN | 1 1 L5 15 20
Brominated Epoxy Resin 10 10 10 10 10
Spherical Silica Powder 1200 1200 1600 1600 1400
Composite Metal Hydroxide - - - - -
Red Phosphorus - - - - -
Coupling Agent 2 2 2 2 2
Carbon Black
Antimony Trioxide 10 10 10 10 10
Carnauba Wax 3 3 3 3 3
Amount Réduced by 006 011 008 009 0.06
Heating (% by weight)
Compression Ratio (%) 950 995 985 950 970
Glass Transition 180 180 160 160 125
Temperature (°C)

- Thereafter, a one-sided sealing-type semiconductor device was produced
by using each epoxy resin composition tablet obtained in the manner described
above, and subjecting a semiconductor element mounted on an insulating

‘substrate to transfer-molding (conditions: 175°C for 2 minutes, and after-curing

of 175°C for 5 hours). The resulting semiconductor device was as follows.
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Size of sealed part (cured product of an epoxy resin composition):
35mm X 35mm X 1.2 mm in thickness
Size of semiconductor element: 12 mm X 12 mm X 0.4 mm in thickness
Size of insulating substrate: 40 mm X 40 mm x 0.6 mm in thickness
Materials for insulating substrate: bismaleimidotriazine (BT) resin/glass cloth
substrate (commercially available from Mitsubishi Gas Chemical
Company, Inc.)

The bowing of éach semiconduétor device as obtained above was
determined by the method described below. The results are shown in Tables 7
and 8.

[Determination of Bowing of Semiconductor Device]

The bowing was determined for each of the resulting semiconductor
devices by measuring an extent of bowing L using a microdepth meter shown in
Figure 12. In Figure 12, 3’ is a cured product of an epoxy resin composition, 6 is

a semiconductor element, and 5 is an insulating substrate.

Table 7
Example No. B1 B2 B3 B4 B5 B6
Bowing L (um) 40 50 50 50 50 65
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Table 8

Comparative Bl B2 B3 B4 B5
Example No.

BowingL (um) 90 120 90 150 210

As is clear from Tables 7 and 8, it can be seen that the products of
Examples have very small values of bowing as compared with those of _‘
Comparative Examples, so that a semiconductor device having high reliability

can be obtained. .

Example C
First, prior to the Examples, each of the following components was

prepared.

[Epoxy Resin A]
The same as Epoxy Resin A in Example A

[Epoxy Resin B]
The same as Epoxy Resin B in Example A

[Curing Agent]
A phenol novolak resin (hydroxyl group equivalence: 105, softening point

60°C)

[Curing Accelerator]
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1,5-diazabicyclo[4.3 .OJnonene-5 (DBN)
Tetraphenylphosphonium tetraphenylborate (TPP-K)

[Spherical Silica Powder]
Spherical fused silica powder (average particle size: 5 pm)

[Coupling Agent]
7—Methacryloxypropyltriethoxysi1ané

Examples C1 to C6 |
Each of the components shown in Table 9 given below was supplied to a

Henschel mixer in proportions shown in the same table, and the components
were mixed therein for 30 minutes. Thereafter, the resulting mixture was
supplied into a kneading extruder shown in Figure 2 described above, and an

epoxy resin composition tablet was prepared in the manner described above.

- Specifically, the molten resin composition was injected into a tablet mold (inner

diameter: 13 mm, height: 20 mm) with an extrusion force exerted by the
kneading extruder, and the injected resin composition was pressure molded
under a pressure of 1 X 107 Pa, with circulating cooled water in the mold holder
at a temperature of 20°C. The resulting tablet was ejected from the mold by the

upward lunge of the lower plunger, to give an epoxy resin composition tablet.

Comparative Examples C1 to C3

Each of the components shown in Table 10 given below was.formulated

in proportions shown in the same table and melt-kneaded in a mixing roller at a
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temperature of 100°C for 3 minutes. The melt-kneaded mixture was cooled and
solidified, and thereafter pulverized and tableted, to give an epoxy resin

composition tablet.

Comparative Example C4

Each of the components shown in Table 10 given below was formulated
in proportions shown in the same table. Each epoxy resin composition tablet was
prepared in the same manner as Examples C1 to C6 so as to have an amount

reduced by heating and a compression ratio as shown in Table 10. .

Using each epoxy resin composition tablet as obtained above, the amount
reduced by heating, the compression ratio, the glass transition temperature of the
cured product were respectively determined in accordance with the method

described above. The results are also shown in Tables 9 and 10. -



39

Table 9
_ (parts by weight)

Example No. C1 C2 C3 C4 Cs Cé
Epoxy Resin A 100 100 100 100 100 30
Epoxy Resin B - - - - -~ 60

* Brominated Epoxy Resin 13 13 - - - 15
Phenol Novolak Resin 60 60 60 60 60 60
DBN 1 1 1 1 1 -
TPP-K - - - - - 7
Spherical Silica Powder 1200 680 700 700 700 680
Coupling Agent - 1.8 1.8 1.8 1.8 1.8 1.8
Carbon Black 7 - 7 | 7 7 7 7
Antimony Trioxide 11 14 - - - 14
Carnauba Wax _ 1 1 1 1 1 1
Amount Reduced by 004 0.03 002 002 002 004
Heating (% by weight)
Compression Ratio (%) 995 995 995 995 980 99.5
Glass Transition 180 178 178 178 178 145

Temperature (°C)
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Table 10
(parts by weight)

Comparative Example No.  C1 C2 C3 C4
Epoxy Resin A 100 100 100 40
Epoxy Resin B - - - 80
Brominated Epoxy Resin - - - -
Phenol Novolak Resin 60 60 60 50
DBN 1 1 1 1
TPP-K - - - -
Spherical Silica Powder 700 700 700 700
Coupling Agent 18 18 18 18
Carbon Black 7 7 1 1
Antimony. Trioxide - - - -
Carnauba Wax 1 1 1 1
Amount Reduced by 006 015 019 0.12
Heating (% by weight) o
Compression Ratio (%) 98 98 93 99.5
Glass Transition 175 175 175 129
Temperature (°C)

Thereafter, a semiconductor device was prepared in the following manner
by using each epoxy resin composition tablet obtained above. Specifically, as
shown in Figure 8, a semiconductor element 6 was mounted on an insulating
substrate 5 on which a plural spherical connecting electrodes 4 were provided.
Next, a specified époxy resin composition tablet was supplied into a molding
machine, thereafter this tablet was heated and molted to give a molten state, and
the molten tablet was preséed. As described above, the void between the above-

mentioned semiconductor element 6 and the above-mentioned insulating
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substrate 5 was filled with the molte1:1 resin described above, and the molten resin
was cured to seal the void with the cl__n'ed resin, thereby forming a cured resin
layer 3. As described above, a semiconductor device was prepared. The
temperature for heating and melting mentioned above was 175°C, and the
pressing condition was adjﬁsted to 600 Pa/one element.

Distance of the cured resin layer (distance in voids): 100 pm

Size of semiconductor element: 15 mm X 15 mm X 370 pum in thickness

Size of insulating substrate: 20 mm X 20 mm X 0.4 mm in thickness

Materials for insulating substrate: biémaleimidotriazine (BT) resin/glass cloth
substrate (commercially available from Mitsubishi Gas Chemical Company, Inc.).

The bowing of each semiconductor device as obtained above was
determined by _.the method described below. The results are shown in Tables 11
and 12.

tDetermination of Bowing of Semiconductor]

The bowmg was determined for each of the resulting semiconductors by
measuring an extent of bowing L using a microdepth meter shown in Figure 13.
In Figure 13, 5 is an insulating substrate, 4 is cénnectihg electrodes, 6 is a
semiconductor element, and 3 is a cured resin layer (cured product of an epoxy

resin composition).

Table 11
Example No. C1 C2 C3 C4 Cs Cé6

BowingL (pm) 30 50 50 40 40 30
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Table 12

Comparative Ci C2 C3 Cc4
Example No.

Bowing L (um) 110 150 - 100 _ 100

As is clear from Tables 11 and 12, it can be seen that the products of
Examples have very small values of bowing as compéred with those of
Comparative Examples, so that a semiconductor device having high reliability |

can be obtained.

EQUIVALENTS

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

the scope of the following claims.
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WHAT IS CLAIMED IS:

T

1. A tablet for producing a semiconductor device with substantially no
bowing, comprising an epoxy resin composition comprising an epoxy resin and a

curing agent, wherein the tablet has the following characteristic (A):

. (A): an amount reduced by heating being less than 0.05% by weight.

2. The tablet according to claim 1, obtainable by a process comprising
preparing a molten product of the epoxy resin composition in an uncured state,

and thereafter cooling and solidifying the molten product.

3. The tablet according to claim 1 or 2, further having at least one
characteristic selected from the group consisting of:

(B): acompression ratio of the tablet being 98% or more; and

.(C):  aglass transition temperature of a cured product of the tablet being 120°C

or more. .
4, A wafer with a resin layer comprising a plural projected electrodes and a
cured resin layer formed on a projected electrode-mounting side of the wafer,

wherein the cured resin layer is formed by the tablet of any one of claims 1 to 3.

5. A semiconductor device obtainable by a process comprising dicing the

wafer with a resin layer of claim 4 into a given size.

6. A semiconductor device comprising an insulating substrate, a
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semiconductor element mounted on one side of the insulating substrate, and a

" cured product of an epoxy resin composition, the semiconductor element being

incorporated in and sealed by the cured prodiict, wherein the cured product of an

epoxy resin composition is formed by the tablet of any one of claims 1 to 3.

7. A sémiconductor device comprising an insulating substrate, a
semiconductor element mounted on one side of the insulating substrate via a
plural connecting electrodes, and a cured resin layer sealing a void between the
insulating substrate and the semiconductor element, wherein the cured resin layer

is formed by the tablet of any one of claims 1 to 3.

8. A process for producing a wafer with a resin layer comprising a plural
projécted electrodes and a cured resin layer formed ona projected electrode-
mounting side of the wafer, comprising the steps of putting the tablet of any one
of claims 1 to 3 on the projected electrode-mounting side of the wafer, and

heating the tablet to be melt-cured, thereby forming the cured resin layer.

9. A process for producing a semiconductor device comprising an insulating
substrate, a semiconductor element mounted on one side of the insulating |
substrate, and a-cured product of an epoxy resin composition, the semiconductor
element being incorporated in and sealed by the cured product, comprising the
steps of putting the tablet of any one of claims 1 to 3 on the semiconductor
element, and heating the tablet to be melt-cured? thereby forming the cured

product.
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10. A process for producing a semiconductor device compl'isixl:g an insulating
substrate, a semiconductor element mounted on one side of the ingulaﬁng
substrate via a plural connecting electrodes, and a cured resin layer sealing a void
between the insulating substrate and the semiconductor element, éompﬁsing the
steps of heat-melting the tablet of any one of claims 1 to 3, and ﬁlling the void

and curing the tablet, thereby forming the cured resin layer.

-11. A method for preventing generation of bowing of a wafer, comprising

forming a cured resin layer on a wafer by using the tablet of any one of claims 1

to 3.

12. A method for preventing generation of bowing of a semiconductor device,
comprising sealing semiconductor elements on one side of an insulating substrate

by using the tablet of any one of claims 1 to 3.

13.  Use of a tablet of any one of claims 1 to 3 for preventing generation of
bowing of a wafer in the production of the wafer in which a cured resin layer is

formed on the wafer.

14.  Use of a tablet of any one of claims 1 to 3 for preventing generation of

bowing of a semiconductor device in the production of the semiconductor device

in which semiconductor elements are sealed on one side of an insulating

substrate.



