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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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.DESCRI PTI ON OF THE RELATED ART: - Fig. 13 is a schematic diagram
"showi ng the construction of a plastic-nolded-type sem conductor device
~according to a conparative exanple. In the drawing, a sem conductor
element 1 is nmounted on a base 2 havigg a cavity 4. The sem conduct or
element 1 and the base 2 are electricalfly connected to each other through
metal wiring 3. A cover 5 is bonded to the base 2 by a.bonding material 6

to define ?hé;lrf?ééﬂl SPASfg W1CAIRhNESN bl 1D ChaalXber Dohad S Al S 7
electrically connected to-an external aeV|ce %not shown) 1s provided on
the base Zmainly conditSiny &¥ ige10D! dedminpR §8NtReNdYgEOr, constructed
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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as described above, has been nanufactured in the following manner: the
sem conductor elenment 1 is nounted inside the cavity 4 of the base 2,

whi ch has the external termnals 7. Then, the base 2 is electrically
connected with the sem conductor elemengt 1 by the metal wiring 3, which is
REPLACEMVENT SHEET , ' _ 2 8 JAN 1999

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



2 usually made of a material mainly consisting of gold, alumnumor the
1ike. The sem conduct or device, which is manufactured in the
above-descri bed manner, is plastic-nolded to seal the sem conductor
element 1 therein, thereby obtaining requisite reliability and handling
properties. In the sem conductor devicé shown in Fig. 13, the cover 5is
nounted on the base 2 and bonded thereto so that a cl osed space Is fornmed

out of - th%h%a§%%¥cénductor 8§U§EQ|£Xt§£f§§'fg&d§:Q? GOVE. duce 9%%%%% of an
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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|nsulat|ng material, such as al um num whose surface has been treated into
alumte, or a ceramic material. The base 2 may be made of a ceramc
material in order to obtain high reliability and airtightness, or of a
plastic material, which is relatively ifiexpensive. The bonding material 6,
whi ch consists of resin, glass, netal, €tc., is previously applied to the
bondi ng posi-tions on the cover 5. In the sen1conductor devi ce shown in

F9: I3 o0 PHaRS 10 FonBh Bt CobPtRE! gly{gpput act ured by

Kyocera Corporation above-descri bed
pl asti ¢- ol ded-g ) eatSiHY G Wl a‘ilﬁV‘t‘ﬁ% cbberbesding raabecialnkg appl i ed

to the
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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bondi ng positions on the cover 5 beforehand, and the cover 5 and the base
2 are bonded together after having been-- separately pre-heated. The
pre-heating tenperature is close to the nmelting point or curing
tenperature of the bonding . . -
REPLACEMENT SHEET ' 6 3 material 6. The
at nosphere gas at the tine of bonding is

Fig. 7 is a perspective 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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generally required to be an inert gas. However, air may also be used. The
at nosphere gas is also pre-heated to the sane tenperature as the base 2
and the cover 5. In the bonding of the base 2 and the cover 5, the
bal ance in the tenperatures of the base 2, of the cover 5 and of the
cavity 4 defined therebetween, is very igportant. Wen this balance cannot
be mai ntained, a through-hole 8 is generated in the bonding naterial 6 as

Shoun | . Fibaka-cyhgoth A0 Lied cORGEL RO B B oS ot

reliability. enonenon
'tenperatur&dQ%tI@ﬂmb@ﬂ%%nﬂa%ftEﬁ@@egnb8n£ESnPaVk£¥ éndS1d 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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lower than the bonding tenperature of the base 2 and the cover 5, which
"are bonded together after having been separately pre-heated. Thus, the
the tenperature rise as a result of the bonding,
causing the pressure in the cavity, which has a fixed volune,

i nner gas expands due to

t her eby

to

rise. As a result, the inner gas forcesgits way to the exterior, thereby
causing the through-hole 8 to be generated. The tendency for this

phenonenon to occur was . pore conspi cuoys when the bonding material was a
t her noset t FRYEFesin. 10 thlsFﬁ?’f‘ﬁJetrfoﬂhé:litfer’P@rsﬁ 200Gk tg’ﬁe%PPfFGUBth‘HSI e 8

not only

heuhP8aBh"aC5Y5%20 0 a8 ARLEL QN Ald ¥ LT o, NG PH2RHLLEL 4O

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 may 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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4 ‘the-seniconductor device but also |eads to a reduced yield. SUWARY OF
THE | NVENTI ON It is the object of this invention to provide a
pl asti c- mol ded-type semi conductor device which involves no through-hole
generation in the bonding nmaterial and which provides a high |evel of
rellablllty and yield, and a process o

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 apblied 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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for ‘manufacturing such a semi conductor device. This object is achi eved by
‘means of the conbination of the features defined in claiml.
Further, in accordance with the present invention, there is provided a
process for manufacturing a plastic-nolded- type sem conductor device as
defined in claim2. Preferable enbodinments of the invention are recited in
t he subcl ai ns. According to docunk@dt EP-A-0 472 866, there is known a
sem conduct or device having a ceranm c base in which a sem conductor
el ement i sfavent edbodimesen Clos dustenblde viisc heat@ipitios @s paredatietrminadcover
arranged on the ceram c base in such a way as to define a closed vol une
i ncl udi ng thwpeagruye by means of the jig. 20, and, 1n this condition,
the bonding material 9 is applied and 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 spots 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 adjusted 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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and a bonding material provided to cover the bonding surface of the base
and the cover so as to seal them BRI EF DESCRI PTI ON OF THE DRAW NGS

In the following the invention is further illustrated by - enbodinehts with
reference to the draw ngs. Fig. .1 is a side sectional view show ng a
pl astic-nol ded- 11

REPLACEMENT SHEET

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,

W ——



5. "type seniconductor device according to a first enbodinent of the

"present invention; Fig. 2 is a side sectional view of a cover used
in the device shown in Fig. 1; Fig. '3 is a side sectional view
showi ng a base, a semi conductor elenent, etc. used in the device shown in
Fig. 1; Fig. 4 is a side sectlomgl vi ew of the base of the

- plastic-nol'ded-type sen1conductor device with the cover placed thereon;
. 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

property and reliability... . .. . — THIS SHEET HAS BEEN
' REPLACED
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Fig. 5 is a side sectional view of the plastic-nolded- type sem conduct or
device nounted in a jig; ' Fig. 6 is an enl arged-side.-secti onfal _View
showi ng the joint section between the base and the c ig. 7is

a perspective view show ng how a t enporary- attachne;ﬂﬁﬂﬁm,m”ﬂﬂ;ﬂl” d to
the cover in accordance with an enbodinent of this
8 is a side sectional view show ng the ddver of Fi g. 7 pl aced On the base
Fig. 9 is a side sectional view show ng the cover attached to the base by
‘means of a WP oFarGLABIMER hifent resin to which a filler material is added
i n accordance with g . .
1. A plastic—-molded-type semiconductor device

comprising:

a base in which a semiconductor element 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 to 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_cpver 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

“ll\l\ﬂl\ﬁﬁi\\\’ﬁ”m BT
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a'third enbodi ment of this invention; Fig. i ive view
of a cover according to a fourth enbodl ment of th| s ’Wmi,milg "”{
REPLACENMENT SHEET S
a perspective view of a cover accord| ng toa fifth enbodi ment of th| S
i nventi on; 14 h
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
material 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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Fig. 12 is a side view of the cover of the fifth enbodinment of this

i nventi on;

Fig. 13 is a side sectional view showi ng a plastic-

nol ded-type sem conductor device according to a conparative exanple;
Fig. 14 is a perspective view of the cover of the device shown in Fig.

and

Fig. 15 is an enlarged side sectional view show ng the

pl asti c-nol ded-type sem conduct or device shown in Fig. 13 with a

t hrough-hol e generated therein.
Fi rst Enbodi nent

PLASTIC-MOLDED-TYPE HOLLOW SEMICONDUCTOR DEVICE AND
.- PROCESS FOR MANUFACTURING SAME

ABSTRACT OF THE DISCLOSURE

A plastic-molded-type hollow semiccnductor device
includes a base and a 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

property and reliability.

Figure 1

13;
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Fig. 1 is a side sectional view showing a plastic- nolded-type hollow

sem conduct or device according to the first enbodinment of this invention.
(I't should be noted here that in the acconpanying draw ngs, the sane or
equi val ent conponents are indicated by the sane reference nunerals.)
Referring to Fig. 1, a thernosetting resin bonding material 9 (hereinafter
referred to as the "bonding material 9"),ds applied to bonding surfaces of
the base 2 and the cover 5 and to the entire edge surfaces 5A of the -
cover 5.




7 This pl astic-nol ded-type hol |l ow sem conductor device is
“manufactured in the following manner: first, as in the prior art, the

sem conductor elenment 1 is nounted in the cavity 4 of the base 2, on which
the external termnals 7 are provided. After this, the base 2 and the

sem conductor elenment 1 are electrically connect ed to each ot her t hr ough
the netal wiring 3. Then, the covgjg5 is placed at a predeternined
position on the base 2 (Figs. 2 and 3). At this stage, the bonding-

FIG. 2
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‘material 9 is not yet applied to the bonding surfaces of the base 2 and
the cover 5 (Fig. 4). A mnute gap 10 of approxinmately 100 pmor less is
generated in the interface between the base 2 and the cover 5 placed

t hereon.. The generation of the gap 10, which is attributable to the
surface roughness, warping, etc. of the base 2 and the cover 5, is
inevitable since no superfinishing is p&/%rnmed on the base 2 and the
cover 5. In this condition, the base 2 and the cover 5 are. nounted in a
jig 20, as shown in in Fig. 5 and pre-heated to a fixed tenperature, for
exanple, of 150[err]C, which is close to the curing tenperature of the
bonding material 9. Wthin two mnutes of their nounting in the jig, the
base 2,

FIG. 5
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the cover 5 and the inner gas inside the cavity 4 attain substantially the
sane tenperature. Therefore, the gas in the cavity 4 does not expand even
when the bonding nmaterial 9 is applied to the edge surfaces 5A and then
heating is REPLACENMENT " SHEET

8 effected thereon in the subsequent -process. In this way, .
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the ‘generation of a through-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
sui tabl e exanpl e of the bonding material 9 is-a liquid thernosetting

resin, such-as an epoxy resin. In this regard a dispenser 30 as shown in
Fig. 6 may be used to apply the bondin / terial 9 around the edge
surfaces 5A of the cover 5. The bonding %:ferial 9, thus applied, enters
the mnute gap between the base 2 and the cover 5 by capillary action

until it- reaches the cavity 4 of the base 2. The bonding material 9,
however, is prevented from advanci ng beyond an

FIG. 7




i nner end 11 as shown in Fig. 6 due to surface tension. Surface tension.is
7al so acting on the edge surfaces 5A of the cover 5, so that a concave

meni scus 12 is formed as shown in Fig. 6. - After the bonding
material 9 is applied, it is allowed to cure inside the jig 20, whereby a
sem conductor device whose cavity 4 constitutes a cl osed space is

obt ai ned. Second Enbodi nent §efore pl aci ng the cover 5 on the
base 2, a tenporary- attachnment resin fé may be applied to the cover 5
and t he base 2 to pre-heat the base 2 with the cover 5 tenporarily

nount ed t hereon.
FIG. 8
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9" That is, as shown in Fig. 7, a tenporary-attachnment 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. In Fig. 7, the .
sem conductor elenent 1, etc. are omtted. Next, as shown in Fig. 8, the
~cover 5 is nounted on the base 2 after a predeterm ned

7/9

FIG. 10




posi‘tioning, and then the cover 5 and the base 2 are pre- heated. The

t enporary-attachment resin 13 is applied in such a way that the gap
remai ni ng between the cover 5 and the base 2 is not larger than 0.l mm .

. Due-to the above arrangenent, the bonding material 9 can snoothly enter
bet ween 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 prev@f®ed from being displaced since
it is firmy fixed to the base 2. Next, as in the first enbodi nent, the
assenbly is heated to a predeterm ned tenperature by neans of the jig. 20,
and, in this condition, '

FIG. 13

PRIOR ART
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t he 'bondi ng material 9 is applied and allowed to cure. The
tenporary-attachnment resin 13 may be the same thernosetting resin as the
bondi ng material 9 or it may be selected fromother thernpsetting
materials. A thernoplastic resin is undesirable since it is softened by

heati ng. Further, while in thi's enbodi nent the tenporary-
REPLACEMVENT SHEET 9/9

FIG. 14
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10 attachnment resin 13 was applied in spots at four p0| &694{%5’ houl d
not be construed restrictively. It may be applied in spot t nor e
poi nts. Cenerally speaking, the tenporary-attachnent resi rQSmSQI

applied in a discontinuous nmanner. Third Enbodi nent ‘;
third enbodinent, a filler 14 is added §o the tenporary- attachm&*nfL &N
13 of the second enbodinent. Fig. 9 is an enlarged sectional view shovm ng

the temporary- pabtatRMERLLEESYpES KdRY oW S eEMLCoRbutdor' BEvLce Sne

PROCESS FOR MANUFACTURING SAME

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION:

This invention relates to a plastic-molded-type
semiconductor device and a process for manufacturing the
same.

DESCRIPTION OF THE RELATED ART:

Fig. 13 is a schematic diagram shoﬁing the construction
of a .plastic-molded-type semiconductor deVicelaccording to a
comparative example. 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 through . 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 terminéls 7 electrically
connected to an external device (not shown) is provided on
the base 2.

This plastic-molded-type semiconductor, 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 base 2 is electrtcaily connected with the

semiconductor element 1 by the metal wiring 3, which is
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consi sts, for exanple, of silica, alumna or the |ike whose nmaximum grain
size is adjusted to 100 pmor less, and is added to the
tenporary-attachment resin 13 in order to control the size of the gap

bet ween the cover 5 and the base 2 to a predeterm ned dinension. Assuni ng
that the cover 5 and the base 2 exhibiz snooth and horizontal surfaces,
practically no gap may be left therebetween due to the weight of the cover
5, etc. In such a case, the filler 14 added to the tenporary-attachment
resin 13 psuoaddyefbdet ofea siateeial aadulgs congds thiayg f ayolidze no snal | er

than a predeterm ned di nension. Fourth Enbodi nent
aluminum or the like.

The semiconductor device, which is manufactured in the
above-described manner, is plastic-molded to seal the
semiconductor element 1 therein, thereby 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 closed space is formed out of
the cavity 4.

Generally speaking, the 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 aiftightness, or of a plastic material,
which is relatively inexpensive. The bonding material 6,
which consists of resin, glass, metal, etc., is previously
applied to the bonding positions on the cover 5. In the
semiconductor device shown in Fig. 13, the cover 5 consists
of a ceramic material (manufactufed by Kyocera Corporation)

as shown in Fig. 14.

In the above-described plastic-molded-type
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 after having been
separately pre-heated. The pre-heating temperature is close

to the melting point or curing temperature of the bonding
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Fig. 10 is a perspective view showing the cover 5 to be joined to the
base 2. This cover 5 has protrusions 15 on t he bondi ng surface thereof.
The protrusions 15 are provided in such a way as.to come into contact
with the REPLACEMVENT SHEET
corners of the cavity 4. Wen the cover 45 is placed on the

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

It is the object of this invention to provide a
plastic-molded-type semiconductor deéice which involves no
through-~-hole generation iﬁ the bonding material and which
provides a high level of reliability and yield, and a process
for manufacturing such a semiconductor device. This object
is achieved by means of the combination of the features
defined in claim 1.

Further, in accordance with the present invention,
there is provided a process for manufacturing a plastic-molded-
type semiconductor device as defined in claim 2. Preferable
embodiments of the invention are recited in the subclaims.

According to document EP-A-0 472 866, there is known a
semiconductor device having a ceramic base in which a
semiconductor element is mounted . The semiconductor device
comprises a cavity, a cover arranéed on the ceramic base in
such a way as to define a closed volume inclgding the cavity,
and a Bbonding material provided to éover-the bonding surface
of the base and the cover so as to seal them.
BRIEF DESCRIPTION OF TﬁE DRAWINGS

In the following the invention is further illustrated by

embodiments with reference to the drawings.

Fig. 1 is a side sectional view showing a plastic-molded-
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base 2, the protrusions 15 are placed at the corners of the cavity 4, _
t hereby accurately positioning the cover 5 on the base 2. Wiile in
t he above exanple four protrusions 15 are provided, the nunber of the-
protrusions is not limted to four. The sane effect can be obtai ned by
providing two such protrusions which ar® diagonally opposed. Fifth
Enbodi nent I nstead of providing the protrusions 15 on the cover 4,

as in the fourth enbodinent, it is also possible to forma raised surface

16, as showypen denticoilludiior @eprime deccatd®Enpedis et f st lelybadimdmwivnof n
Fig. 12, to obtain the sane

the present invention:

Fig. 2 is a side sectional view of a cover used in the

device shown in Fig.-lg

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

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

Fig. 5 is a side sectional view of the plastic-molded-
type semiconductor device mounted in a jig:;

Fig. 6 is an enlarged side sectional view showing the

joint section between the base and the cover;

Fig. 7 is a perspective view showing how a temporary-
attachment resin is applied to the cover in accordance with
an embodiment of this invention;

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

Fig. 9 is a side sectional view showing the cover
a;tachéd to the base by means of a temporary-attachment
resin to 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:;
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effect as in the fourth enbodi nent. As descri bed above, in accordance
with this invention, the sealing between the base and the cover of the

sem conductor device is inproved, and the generation of a through-hole is
prevented, thereby providing a highly reliable sem conductor device.
Further, since the tenperature of the bnner gas trapped between the the
base and the cover is the sane as the tenperature of the base and the
cover, the generation of a through-hole can be prevented, thereby

provi di ng a hi ghrg- Adl iidhl%e REERREGTIMA driqre\Rfe? 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 plastic-
molded-type semiconductor device according to a comparative

example;

Fig. 14 is a pefspective view of the cover of the device
shown in Fig. 13; and

Fig. 15 is an enlarged side sectional view showing the
plastic-molded-type semiconductor device shown in Fig. 13 with
a through-hole generated therein.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment

Fig. 1 is a side sectional view showing a plastic-
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
equivalent components are indicated by the same reference

. numerals.) 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-Z

and the cover 5 and to the entire edge surfaces 5A of the

cover 5.
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addition, due to the tenporary attachnment of the cover to the base, a
positional deviation between the base and the cover is prevented and, at
the sane tine, the size of the gap between the base and the cover can be
mai ntai ned at a predeterm ned di nensidn, thereby making it possible for

This plastic-molded-type hollow semiconductor device is
manufactured in the following manner: first, as in the
prior art, the semiconductor element 1 is mounted in the
cavity 4 6f the base 2, on which the external terminals 7
are provided. After this, the base 2 and the semiconductor
element 1 are electrically connected to each other through
the metal wiring 3. .

Then, the cover 5 is placea at a predetermined position
on the base 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 inevitable
since no superfinishing is performed on the base 2 and the
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 inside the cavity 4 attain
substantially the same temperature. Therefore, the gas in
the cavity 4 does not exﬁand even when the bonding material

9 is applied to the edge surfaces 5A and then heating is
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the base and the cover to be reliably joined-together by a thernosetting
resin bonding material. According to the invention, the
pl asti c-nol ded-type sem conductor device includes a base and a cover,

whi ch are joined together by a thernosetting resin bonding material® that
is applied to the“entire edge surfaces ®&f the cover as well as bonding
surfaces of the base and the cover. The thernosetting resin bonding

i al f pi b I I
oro-heat i S ARar S et Sl A R 2l fa SR BRatREr soohnl hs3a B8 vand the ©

cover s é‘@éﬁ&%’aé{cﬂﬂ‘&% PGu ﬁﬂh&bétatpﬁ,gﬁeega},h% Ohatlr4gh-
hol es is el mnat ere ymalngltpossmetoo d

9, which occurs in the prior art, can be prevented.

Next, in this condition, the bonding material 9 is

applied along the edge surfaces SA of the cover 5. A

suitable example of the bonding material 9 is a liquid

thermosetting resin, such as an epoxy resin. 1In this regard
a dispenser 30 as shown in Fig.'G may be used to apply the
bonding material 9 around the edge surfaces S5A of the cover
5. The bonding material 9, thus applied, enters the minute
gap between the base 2 and the cover 5 by capillary action
until it reaches the cavity 4 of the base 2. The bonding
ﬁaterial 9, however, is prevented from advancing beyond an
inner end 11 as shown in Fig. 6 due to surface tension.
Surface tension is also acting on the edge surfaces 5SA of
the cover 5, so that a concave meniscus 12 is formed as

shown in Fig. 6.

After the bonding material 9 is applied, it is allowed

to cure inside the jig 20, whereby a semiconductor device
whose cavity 4 constitutes a closed space is obtained.

nd E imen

Before placing the cover 5 on the base 2, a temporary-

attachment resin 13 may be applied to the cover S and the

base 2 to pre-heat the base 2 with the cover 5 temporarily

mounted thereon.
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sem conduct or devi ce which provides a high |evel of handling property and

reliability. 13 WHAT IS CLAI MED
| S: 1. A plastic-nol ded-type sem conductor device conprising:

a sem conductor elenment (1); a base (2) including a cavity (4) in
whi ch said 2

That is, as shown in Fig. 7, a temporary-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. In Fig. 7, the semiconductor
element 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 base 2 are pre-
heated. The temporary-attachment resin 13 is applied in
such a way that the gap remaining between the cover 5 and
the base 2 is not larger than 0.lmm.

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

first embodiment, the assembly is heated to a predetermined
temperature by means of the jig. 20, and, in this condition,
the bonding material 9 is applied and 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. 2
thermoplastic resin is undesirable since it is softened by

heating.

Further, while in this embodiment the temporary-
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sem conductor elenent is nounted, said base having a bonding surface,
a cover (5) having a bonding surface and a side surface transverse to the
bondi ng surface of said.cover, the bonding surface of said cover being
di sposed on the bonding surface of said base, thereby defining a closed
vol une including the cavity; a0 | east two spaced apart nmasses of a
tenporary attachnment resin (13) disposed between the bondi ng surfaces of
said base and said cover; and ~a thernosetting resin bonding nateri al
(9) ; cover iatFaghuens; kesin fhto'ad appHiedvERr aREt8i 3bofeHroROiREShondi ng

this should not be construed restrictively. It may be

applied in spots at two or more points. Generally speaking,

the temporary-attachment resin should be applied in a

discontinuous manner.

Third E imen
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 adjusted to 100 pUm 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,

practically no gap may be left therebetween due to the

weight of the cover 5, etc. 1In such a case, the filler 14

added to the temporary-attachment resin 13 proves effective

since it ensures a gap haviné a size no smaller than a

predetermined dimension.

Fourth Embodiment

Fig. 10 is a perspective view 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
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surfdces of said base and said cover, sealing said cover to said base.
2. A process for manufacturing a plastic-nolded-type sem conductor device,

conprising the steps of: pl acing a cover (5) on a base (2) in which a
REPLACEMENT SHEET

11 , )

corners of the cavity 4. When the 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 same effect can be obtained by providing two such
protrusions which are diagonally opposed.

Ei E imen |

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 embodiment.

As described above, in accordance with this invention,
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 trapped
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 prevented, thereby providing a highly

reliable semiconductor device.
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sem conductor elenment (1) is mounted and which has a cavity, in-such a way
that a cl osed space is forned out of said cavity; appl ying at | east
spaced apart masses of a tenporary attachment resin (13) between said
cover and sai d base; ~ preheating said-base and said cover to a
predeterm ned tenperature and allow ng said cover to be tenporarily
attached to said base by said tenporary attachnment resin; appl ying a
t hernosetting resin bonding nmaterial to said base and said cover in such a

way as 1o cover,edgR;sufaceQf ¢Sl NIty elde A RANIIJP S aces of
sai d base and sai cover
cover to the base, a positional deviation between the base
and the cover is prevented and, at the same time, the si:ze
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 joihed togéther by a
thermosetting resin bonding material.

According to the invehtion, the plastic-molded-type
semiconductor device iﬁcludes a base and a 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 possibie to obtain a
semiconductor device which provides a high level of handling

property and reliability.
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and al l owi ng said thernosetting resin bonding materjal to_ cure. 3.
A process according to claim2, wherein a fiIIer naterial (14) is ‘added to

said tenporary attachnent resin (13). EI mwmmmm"r[mto
claim2, wherein said cover (5) has protru3|ons ( I

contact with - corners of the calBty of said base ‘(2}.
process according to claim2, wherein said cover (5) has stepped sectlons
(17) whi CWHATTES MIAIMPTt ars: With corners

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

a semiconductor element (1);

a base (2) including a cavity (4) in which said
semiconductor element is mounted, -said base having a bonding
surface,

a cover (5) having a bonding surface and a side surface
transverse to the bonding surface of said.cover, the.bonding
surface of said cover being disposed on the bonding surface
of said base, thereby defining a closed volume including the
cavity:

at least tWo spaced apart masses of a temporary attachment
resin (13) disposed between the bonding surfaces of said base
and said cover; and

a thermosetting resin bonding material (92),covering the
side surface of said cover and disposed on the bonding
surfaces of said base and said cover, sealing said cover to

said base.

2. A process for manufacturing a plastic-molded-type

semiconductor device, comprising the steps of:

placing a cover (5) on a base (2) in which a
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;‘n’

of ‘the cavi ty of said base (2). AR

B o

semiconductor element (1) is mounted and which has a cavity,
in such a way that a closed space is formed out of said cavity:
applying at least spaced apart masses:of a temporary
atfachment resin (13) between said cover and said base:
preheating said.-base and said covef-to a predetermined
temperature:and allowing said cover to be temporarily
attached to said base by said temporary-attachment resin;
applying a thermosetting resin bonding material to said
base and said cover in such a way as to cover edge surface 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 a filler
material (14) is added to said témporary attachment resin

(13).

4, A process adcording to claim 2, wherein said cover (. 5)
has protrusions (15) which come into cohtact with - corners

of the cavity of said base (2).

5. A process according to claim 2, wherein said cover (5)
has stepped_séctions {(17) which come into contact with corners

of the cavity of said base (2).
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