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PLASTIC-MOLDED~TYPE HOLLOW SEMICONDUCTOR DEVICE AND

PROCESS FOR MANUFACTURING SAME

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION:

This invention relates to a ﬁlastic—molded—type hollow
seﬁiconductor device and a process for manufacturing the
same.

DESCRIPTION OF THE RELATED ART:

Fig. 13 is-a schematic diagram showing the construction
of a conventional plastic-molded-type hollow semiconductor
device. In the drawing, a semiconductor element 1 is
mounted on a base 2 having a cavity 4. The semiconductor
element 1 and the base 2 are electrically connected to each
other thfouéh metal wiring 3. A cover 5 is bonded to the
base 2 by a bonding material 6 to define a closed. space
therebetween. Further, external terminals 7 eléctrically
connected to an éexternal device (not shown) is provided on
the basé 2.

The conventional plastlc-molded—type hollow
semlconductor, constructed as described above, has been
manufactured in the following manner: the semiconductor
element 1 is mounted inside the cavity 4 of the base 2,
which has the external terminals 7. Then, the bése 2 is

electrically connected with the semiconductor element 1 by
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the met;l wiring 3, which is usuvally made of a material.
mainly consisting of gold, aluminum or the 1like.

The semiconductor device, which is manufactured in the
above-described manner, is plasticémolded to seal the
semiconductor element 1 therein, fhereby obtaining requisite
reliability.and handling properties. In the semiconductor
device shown in Fig; 13, the cover 5 is mounted on the base
2 and bonded thereto so that a closedlspace is formed out of
the cavity 4.

Generally speaking, fhe cover 5 consists of an
- insulating material, such as aluminum whose surface has been
treated into alumite, or a ceramic material. The base 2 may
be made of a ceramic material in order to obtain high
reliability and airtightﬁeés, or of a plastic material,
which is relatively inexpensive. The bonding material 6,
which consists of resin, glasé, metal, etc., is previously
applied fo the bonding positions on the cover 5. 1In the
semiconductor deviée shown in Fig. 13, the cover 5 consists
of a ceramic material (manufactufed by Kyocera Cérporation)
as éhown in Fig. 14. |

In the. above-described plastic-molded-type hollow
semiconductor device, the bonding material is applied to the
bonding positions on the cover 5 beforehand, and the cover 5
and the base 2 are bonded together.aftér having been
separately pre-heated. The pre—heaﬁing.temperature is close

to the melting point or curing temperature of the bonding
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material 6. The atmosphere gas at the time of bonding is
generally required fo be an inert gas. 'However, air may
also be used. The atmosphere gas is also pre-heated to the
same temperature as the base 2 and the cover 5.

In the bonding of the base 2 and the cover 5, the
balance in the temperatures of the base 2,~of the cover 5
~and of the cavity 4 defined therebetween, is very important.
When'this balance cannot be maintained, a through-hole 8 is
generated in the bonding material 6 as shown in Fig. 15,
résulting in a deterioration in airtightness and
reliability. B
. This phenomenon is attributable to the fact that the
temperature of the inner gas trapped in the cavity 4 is
lower than the bonding temperature of the base 2 and the
cover 5, which are bonded together after having been’
separately-pre—heated. Thus, the inner gas expands due tb
the temperatufe rise as a result of the bonding, thereby
causing the pressure in the cavity, which has a fixed
volume,. té rise. As a resultg the inner gas forces its way
to ﬁhe exterior, thereby causing the through-hole 8.to be
generated. The tendency for this phenomenon to occur was
more conspicuous when the bonding material was a
thermosetting resin.

Further, the generation of the'through—hole 8 not only

is the main cause for a deterioration of the reliability of



the semiconductor device but also leads to a reduced yield.
SUMMARY OF THE INVENTION

This invention has been made with a view toward solving
the problems in the prior art as described above. It is the
object of this invention tb.provide a plastic-molded-type
hollow semiconductor device which involves no through—héle
generation in the bonding material and which provides a high
level of reliability and yield, and a process for
manufacturing such a semiconductor device.

In accordance with the présent_invention, there is
provided a plastic-molded-type Semiconductor device
comprising:

a base in which a sémiconductor element is mounted and’
which has a cavity;

a ¢over‘arranged on the base in such a way'as_to make a
closed space out of the above-mentioned cavity; and

a thermosetting resin bondihg material provided in such
a way as to cover edge surfaces of the cover as well as
bonding surfaces of the base and the cover énd.so as to seal
theﬁ. |

-Further; in accordance with the present invenfion,
there is prévided a process for manuféctufing a plastic—
molded-type semiconductor device, comprising thé steps of:

placing a cover on a base in which a semiconductor

element is mounted and which has a cavity, in such a way
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that a closed space is formed out of the cavity;
pre-heating the bése and the coﬁer to a predetermined:
temperature;
applying a thermosetting resin bbnding material to the
base and the cover in such a way as to cover edge suffaces
of the cover as well as bonding surfaces of the base and the
cover; and
allowing the thermosetting resin bonding material to
cure.
.BRIEF DESCRIPTION OF THE DRAWINGS

| Fig. 1 is a side sectional view showing a plastic-
molded—t&pe hollow semiconductor device according to a first
embodiment of the present invention;

Fig. 2 1is a.side sectional view of a cover used in the
device shown in Fig. 1;

Fig. 3 is a side sectional view showing a base, a
semiconductor elemeht, etc..used in the device shown in Fig.
1;

Fig. 4 is a side sectional view of the base of the
plastic-molded-type hollow'semiconductor.device with the
cover placed thereon;

Fig. S5 is a side sectional view of the'plastic—moided—
type hollow sémicdnduétor device mounted in a jig;

Fig. é is an enlarged side sectional view showing the

joint section between the base and the cover;
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Fig. 7 is a_perspeciive view shcwinélhow a temporary-
attachment resin is applied to the cover in accordance with
an embodiment of thié invention;

Fig. 8 is a side sectional view showing the cover of
Fig. 7 plaéed on the base;

Fig. 9 is a side sectional view showing the cover
attached to the base by means of a temporary-attachment
resin fo which a filler material is added in accordance with
a third embodiment of this invention;

Fig. 10 is a perspective view of a cover according to a
fourth embodiment of this invention; _

Fig. 11 is a perépective view of a cover according to a
fifth embodiment of this invention;

Fig. 12 is a side view of the cover of the fifth
embodiment of this invention;_

Fig. 13 is a side sectional view showing a conventional
plastic—molded~type hollow semiconductor device;

Fig. 14 is a perspective view of the cover of the
device shown in Fig. 13; aﬁd

Fig. 15 is an enlarged side secfional view showing the
conventional plastic-molded-type hollow semiconductor device
with a through-hole generated therein.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
ir E imen

Fig. 1 is a side sectional view showing a plastic—
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7
molded-type hollow semiconductor device according to the
first embodiment of this invention. (It should be noted
here that in the accompanying drawings, the same or
equivélent components are indicated by the same reference
. humerals.) Referring to Fig. 1, a thermosetting resin
bonding material 9 (hereinafter referred to.as the "bonding
material 9") is- applied to bonding surfaces of the base 2
and the cover 5 and to-the entire edge surfaces 5A of the
cover 5.. | -

This plastic-molded-type hollow semiconductor device is
manufactured in the following manner: first, as in the
prior art, the semicﬁnductor element-l is mounted in the
cavity 4 of the base 2, on which the external terminals 7
are provided. After this, the base 2 and the seﬁiconductor
element 1 are electrically connected to each other through
the metal wiring 3. _

Then, the cover 5 is placea at a predetermined pqsition
on the\pase 2 (Figs. 2 and 3). At this stage, the bonding-
material 9 is not yet applied'to the bonding surfaces of £he
base 2 and the cover 5 (Fig. 4). A minute gap 10 of approximately.
100 pm or ‘less is generated in the interface between the
base 2 and the cover 5 placed thereon. The generation of
the gap 10, which is attributable to the surface roughness,
warping, etc. of the base 2 and the cover 5, is inevitasle

since no superfinishing is performed on the base 2 and the
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cover 5. In this condition, the base 2 and the cover 5 are
mounted in a jig 20, as shown in in-Fig. 5, and pre-heated
to a fixed temperature, for example, of 150°C, which is
close to the curing temperature-of the bonding material 9.
Within two minutes of their mounting in the jig, the base 2,
the cover 5 and the inner gas ihside_the cavity'4 attain |
substantially the same temperature. Therefore, the gas in
the'cavity 4 does not expéﬁd even when the bonding material
9 is applied to the edge surfaces 5A and then heating is
effected thereon in the subsequent process. In this way,
the generation of a throdgh—hole 8 in the bonding material
9, which occurs in the prior art, can be prevented.

Next, in this condition, the bonding material 9 is
applied along the edge surfaces 5A of the cover 5. A
suitable example of the bonding material 9 is a liquid
thermosetting resin, such as an epoxy resin. In this regard'
a dispenser 30 as shown in Fig.:6 méy be used to apply the
bonding material 9 around the edge suifaces 5A of the éover
5. The_bonding material 9, thus aﬁplied, enters the minute
gap bééween fhe base .2 and the cover 5 by capillary action
until it reaches the cavity 4 of the base 2. .The bbnding
material 9, however, is prevented from advancing beyond an
inner end.ll.as_shown in Fig. 6 due to surface tension.
Surface tension is also acting on the edge surfaces 5A of

the cover 5, so that a concave meniscus 12 is formed as
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shown in Fig. 6.

After the bonding material 9 is applied, it is allowed
to cure inside the jig 20, wheréby a semiconductor device
whose caVity 4 constitutes a closed space is obtained.

E imen

Before placing the cover 5 on the base 2, a temporary-
attachment.resin 13 may be applied to the cover 5 and the
base 2 to pre-heat the base 2 with the cover 5 temporariiy
mounted thereon;

That is, és shown in Fig. 7, a tempofary—attachment
resin 13 is applied in spots at four corners of the cover
bonding section of the base 2, which cover bonding section
surrounds the cavity 4. 1In Fig. 7, the semiconductor
elemént 1, etc. are omitted. Next, as shown in Fig. 8, the
cover 5 is mounted on the base 2 after a“predetermined
positioning, and then the cover 5 and the bése 2 are pre-
heated. The temporary—attachment resin 13 is applied in
such a way that the gap'remaining between the cover S5 and
the base 2 is not larger than 0.1lmm.

Due to the above arrangement, the bonding material 9
can smoothly enter between the base 2 and the cover 5.
Further, if heat is applied in the subsequent process of
applying the bonding material 9 to the edge surfaces of the
cover 5, the cover 5 can be-prevented.from being displaced

since it is firmly fixed to the base 2. Next, as in the
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10
firs; embodiment, the assembly is heated to a predetermined
temperature by means of the jig. 20, and, in this condition,
the bonding matériai 9 is applied aﬁd allowed to cure.

The temporary-attachment resin~13 may be the same
thermosetting resin as the bonding material 9 or it may be
selected from other thermosetting materials. A
thermoplastic resin is undesirable since it is softened by
heating.

Further, while in this embodiment the temporary-
attachment resin 13 was applied in'sﬁots at four points,
this should not be construed rqstrictively. It may be
applied in spots at one point or more than one point.
Generally speaking, the temporary-attachment resin should be
applied in a discontinuous manner.

Thi Enbodime:

In the third embodiment, a filler 14 is added to the
temporary—-attachment resin 13 of the second embodiment.

Fig. 9 is an enlarged sectional view showing the temporary-
attachment resin 13 and the filler 14. The filler 14
consists, for example, of silica, alumina or the like whose
maximum grain size is adjﬁsted to 100 um or less, and is
added to the temporary-attachment resin 13 in order to
control the size of the gap between the cover 5 and the base
2 to a predetermined'dimension. Assuming that the cover 5

and the base 2 exhibit smooth and horizontal surfaces,
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il
practicaily no gap may be ieft therebetween due to the
Qeight of the cover 5, etc. In such a case, the filler 14
added to the temporary-attachment resin 13 proves effective
since it ensures a gap'having a size no smaller than a
pPredetermined dimension.

Fourth Empggimgnt

Fig. 10 is a pefspective_yiew showing the cover 5 to be
joined to the base 2. This cover 5 has protrusions 15 on
the bonding surface thereof. The protrusions 15 are
provided in such a way as to come into contact with the
corhe;s of the cavity 4. When ﬁhe cover 5 is placed on the
base 2, the protrusions 15 are placed at the corners of the
cavity 4, thereby accurately positioning the cover 5 on the
base 2.

While in the -above example four protrusions 15 are
provided, the number of the'protrusions is not limited to
four. The éamé effect can be obtained by providing two such
pfotrusions which are diagonally opposed.

Fifth Embodiment

Instead of providing the protrusions 15 on the cover 4,
as in the fourth embodiment, it is also possible to form a
raised surface 16, as shown in Fig. 11, or to provide
stepped sections 17, as shown in Fig. 12, to obtain the same
effect as in the fourth embodinment.

As described above, in accordance with this invention,
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the sealing between the base and the cover of the
semiconductor device is improved, and the generation of a
through-hole is prevented, thereby providing a highly
reliable semiconductor device.

Further, since the temperature of the inner gas traéped
between the the base and the cover is the same as the
temperature of the base and the cover, the generation of a
through-hole can be prevenfed, thereby providing a highly
reliable semiconductor device. |

In additidn, due to the temporary attachment of the
cover to the base, a positional deviation bétween the base |
and the cover is prevehted and, at the same time, the size
of the gap between the base and the cover can be maintained
at a predetermined dimension, thereby making it possible_for
the base and the cover to be reliably joined togéther b§ a
thermosetting resin bonding material.

A plastic—molded—type'hollow semicondﬁétor device
includes a base and é cover, which are joined together by a
thermosetting resin bonding material that is applied to the
entire edge surfaces of the cover as well as bonding
surfaces of the base and the cover. The thermosetting resin
bonding material. is applied after placing the cover on
the base | and simultaneously pre-heating them, whereby the
inner gas trapped between the base and the cover is
prevented from expanding, so that the generation of through-
holes is eliminated, thereby making it possible to obtain a

semiconductor device which provides a high level of handling
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WHAT IS CLAIMED 1IS:

1. A.plastic-molded—type semiconductor device
comprising:

a base in which a semiconductor elemeﬁt is.mounted and
which has a cavity;

a cover arranged on said base in such a way as to make
a closed space out of said cavity; and "

a thermosetting resin bonding material provided in such
a way as fo cover edge surfaces of said cover as well as
bonding surfaces of said base and said cover and so as to
seal them. _

2. A process for manufacturing a plastic-molded-type
semiconductor device,'comprisiﬁglthe steps of:

placing a cover on a base in which a semiconductor
element is mounted and which has a cavity, in.such a way
that a élésed épace’is formed out. of said cavity;

pre—ﬁeéting said base and said cover to a predetermined
temperature;

applying a thermosetting-resin bonding material to said
bése and said cover in such a way as to cover edge surfaces
of said cover as well as bonding surfaces of said base and
said cover; and

allowing said thermosetting resin bonding material to

cure.

3. A process according to Claim 2 wherein when placing
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said cover on said base, said cover is temporarily attached

to said base.by a temporary-attachment resin,

4. A process according to Claim 3 wherein a filler
maferial is added to said temporary—attachment resin.

5. A.process according to Claim 2 wherein said cover
has protrusions which come into contact with corners of the
cavity of said base.

6. A process according to Claim 2 wherein said cover

has stepped sections which come into contact with corners of

the cavity of said base.
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