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Description

TECHNICAL FIELD

[0001] The present invention relates to a semiconduc-
tor device which is simply attached to a cooler and is
manufactured at a low cost, and more particularly to a
semiconductor device without a cooling base (for exam-
ple, a copper base) which comes into contact with a cool-
er and a semiconductor device manufacturing method.

BACKGROUND ART

[0002] In a general semiconductor device, an insulat-
ing substrate with a conductive pattern on which a sem-
iconductor chip is mounted is fixed to a cooling base (for
example, a copper base) and the cooling base is fixed
to a cooler (cooling fin).
[0003] In recent years, a method has been used which
directly fixes an insulating substrate with a conductive
pattern to a cooler (for example, a cooling fin), without
passing through a cooling base, in order to reduce man-
ufacturing costs and thermal resistance in a low-power
semiconductor device.
[0004] This semiconductor device is called a copper-
base-less type and the insulating substrate with a con-
ductive pattern is one direct copper bonding (DCB) sub-
strate or an aluminum insulating substrate. In addition,
for example, a terminal case in which a terminal is at-
tached to a resin case or a case formed by a transfer
mold is used as a package and gel (silicon gel) or epoxy
resin is used as a sealing resin.
[0005] Three representative examples of a method for
attaching the copper-base-less semiconductor device to
the cooler according to the related art will be described
below.

1) There is a method which screws clamps 52 (two
positions) which protrude to the outside of a case 51
of a semiconductor device 500 as shown in Fig. 18
(Non-patent Document 1).
2) There is a method in which holes 55 through which
screws pass are formed at both ends (two positions)
of a case 54 of a semiconductor device 600 and the
semiconductor device 600 is screwed, as shown in
Fig. 19 (Patent Document 1).
3) There is a method in which a hole 58 through
which a screw passes is formed at the center of a
case 57 of a semiconductor device 700 and the sem-
iconductor device 700 is screwed, as shown in Fig.
20 (Patent Document 2).

[0006] In the drawings, reference numerals 53, 56, and
59 indicate an insulating substrate with a conductive pat-
tern.
[0007] A further semiconductor device is known from
US 2010/294155 A1.
[0008] Said document discloses a semiconductor de-

vice having a casing in which two semiconductor chips
are provided. The casing has provided in the same plane
in which the semiconductor chips are placed at beam
portion from which a post projects in the middle thereof.
To said post a screw is inserted to fix the ensemble to a
cooler.
[0009] Further semiconductor devices are described
in JP 2004288828 A, US 4110549 A, US 2009/0261472
A1, DE 103 40 297 A1.

CITATION LIST

PATENT DOCUMENT

[0010]

Patent Document 1: JP 11-243839 A
Patent Document 2: US 6979204

NON-PATENT DOCUMENT

[0011] Non-patent Document 1: Infineon,
"AN2006-08", Application Note, V2.0, July 2008

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0012] However, in the semiconductor devices 500 to
700 disclosed in Non-patent Document 1, Patent Docu-
ment 1, and Patent Document 2, as described above,
since the semiconductor device is attached to the cooler
only by screws, it is necessary to manage screw tighten-
ing torque.
[0013] In the semiconductor devices 500 and 600 dis-
closed in Non-patent Document 1 and Patent Document
1, since the area of the screw portion for attachment to
the cooler is a dead space, the external dimensions of
the semiconductor devices 500 and 600 increase.
[0014] In the semiconductor device 500 disclosed in
Non-patent Document 1, when the warping of the surface
of a back side conductor 53a of an insulating substrate
53 with a conductive pattern which is not divided is ex-
amined, as shown in Fig. 21, the surface warps toward
the front side of the insulating substrate 53 with a con-
ductive pattern and the warping is not necessarily con-
centrically spread from the center of the semiconductor
device. A significant amount of warping may occur in a
portion 60 that is separated from the center of the back
side conductor 53a.
[0015] In Fig. 21, reference numeral 61 indicates a con-
tour line and the portion 60 is lower than other portions.
[0016] As such, when the portion 60 in which a signif-
icant amount of warping occurs is separated from the
center of the back side conductor 53a, the adhesion be-
tween the back side conductor 53a and the cooler is re-
duced during the attachment of the semiconductor device
500 to the cooler and the contact thermal resistance be-
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tween the semiconductor device 500 and the cooler in-
creases. In addition, in some cases, a thermal grease is
applied onto a contact surface between the semiconduc-
tor device 500 and the cooler in order to prevent an in-
crease in the contact thermal resistance. However, in the
portion in which a large amount of warping occurs, the
amount of thermal grease applied increases and thermal
resistance increases.
[0017] The semiconductor devices 500 to 700 dis-
closed in the above-mentioned three patent documents
will be described in detail below.

1) In the semiconductor devices 500, 600, and 700,
in an assembly process, a screwing operation is re-
quired and torque management for screwing is also
required. In addition, it takes a lot of time to perform
the screwing operation.
That is, in the semiconductor devices 500, 600, and
700, the semiconductor device is attached to the
cooler only by screws and a screwing operation is
required. In the assembly process, torque manage-
ment for screwing is required. As a result, manufac-
turing costs increase.
2) In the semiconductor devices 500 and 600, screw-
ing portions are disposed in the outer circumference
of the cases 51 and 54. The portions are dead spac-
es. Therefore, the external dimensions increase.
3) Since one insulating substrate 53, 56, or 59 with
a conductive pattern is directly attached to the cooler,
the shape of warping (curve) is not fixed, but varies
for each semiconductor device. In particular, in the
semiconductor device 500, a significant amount of
warping occurs in the insulating substrate 53 with a
conductive pattern.
4) As described in 3), since the shape of the warping
of the insulating substrates 53 and 56 with a conduc-
tive pattern is not fixed, it is difficult to manage warp-
ing. Therefore, when the semiconductor device 53
or 56 is fixed to the cooler by screws, the adhesion
between the semiconductor device 500 or 600 and
the cooler is reduced depending on the position of
the portion in which a significant amount of warping
occurs.

[0018] The invention has been made in order to solve
the above-mentioned problems and an object of the in-
vention is to provide a semiconductor device which is
closely attached to a cooler with a simple structure, with-
out torque management, and can reduce contact thermal
resistance, external dimensions, and manufacturing
costs and a semiconductor device manufacturing meth-
od.
In view of the conductor device disclosed in US
2010/0284155 A1 it is an object of the present invention
to provide a semiconductor device with a simple fixation
and with good thermal contact between the rear surface
of the semiconductor chip and the cooler.

MEANS FOR SOLVING PROBLEM

[0019] The aforementioned problem is solved with a
semiconductor device defined in claim 1. Further pre-
ferred embodiments are defined in the dependent claims
2 to 7. There is further provided a semiconductor device
manufacturing method having the features defined in
claim 8. Further preferred embodiments are defined in
dependent claims 9 and 10.
The invention provides according to a first aspect, a sem-
iconductor device which includes: a plurality of insulating
substrates with a conductive pattern, each of which in-
cludes a conductor formed on a main surface of an insu-
lating plate; a case which accommodates the plurality of
insulating substrates with a conductive pattern such that
one main surface of each of the insulating substrates with
a conductive pattern is exposed and to which a cooler
that comes into contact with the exposed main surface
of each of the plurality of insulating substrates with a con-
ductive pattern is attached; a beam portion that is pro-
vided in the case in a beam shape so as to face the other
main surfaces of the plurality of insulating substrates with
a conductive pattern accommodated in the case; and a
fastener that has a post shape, is provided at the center
of the beam portion, and has a leading end which is in-
serted into an attachment hole of the cooler attached to
the case such that the beam portion is distorted.
[0020] The semiconductor device further includes a
sealing resin that fills the case so as to come into contact
with the plurality of insulating substrates with a conduc-
tive pattern and the beam portion, such that when the
beam portion is distorted, the sealing resin is compressed
and thereby applies a repulsive force pressing the plu-
rality of insulation substrates into contact with the cooler.
[0021] According to a second aspect of the invention,
in the semiconductor device according to the first aspect,
the sealing resin may be made of an elastic material.
[0022] According to a third aspect of the invention, in
the semiconductor device according to the first aspect,
the plurality of insulating substrates with a conductive
pattern may be accommodated in the case so as to sur-
round the fastener having the leading end attached to
the cooler.
[0023] According to a fourth aspect of the invention, in
the semiconductor device according to the second as-
pect, the plurality of insulating substrates with a conduc-
tive pattern may be raised toward the beam portion such
that a portion thereof close to the fastener is higher than
an outer circumferential portion close to the case.
[0024] According to a fifth aspect of the invention, in
the semiconductor device according to the first aspect,
the case, the beam portion, and the fastener may be in-
tegrally formed of a resin by molding.
[0025] According to a sixth aspect of the invention, in
the semiconductor device according to the first aspect,
the fastener may include a post and a hook portion which
is provided at a leading end of the post and a cutout may
be formed in the post so as to extend from the bottom of
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the hook portion.
[0026] According to an example, the plurality of insu-
lating substrates with a conductive pattern may be
formed by radially dividing a large insulating substrate
with a conductive pattern.
[0027] According to a seventh aspect of the invention,
in the semiconductor device according to the first aspect,
a screw may be formed at the leading end of the fastener.
[0028] According to a eighth aspect of the invention, a
semiconductor device manufacturing method includes:
a step of placing a plurality of insulating substrates with
a conductive pattern, each of which includes a conductor
formed on a main surface of an insulating plate, on a jig
such that the plurality of insulating substrates with a con-
ductive pattern surround a central hole of the jig and one
main surface of each of the plurality of insulating sub-
strates with a conductive pattern faces the jig; and a step
of covering the plurality of insulating substrates with a
conductive pattern with a terminal case, in which a case
which accommodates the plurality of insulating sub-
strates with a conductive pattern such that the one main
surface of each of the insulating substrates with a con-
ductive pattern is exposed and to which a cooler that
comes into contact with the exposed main surface of each
of the plurality of insulating substrates with a conductive
pattern is attached, a beam portion that is provided in the
case in a beam shape so as to face the other main sur-
faces of the plurality of insulating substrates with a con-
ductive pattern accommodated in the case, and a fas-
tener that has a post shape, is provided at the center of
the beam portion, and has a leading end which is inserted
into an attachment hole of the cooler attached to the case
such that the beam portion is distorted, such that the
leading end of the fastener is aligned with the central hole
of the jig.
[0029] The semiconductor device manufacturing
method further includes a step of filling the terminal case
which covers the plurality of insulating substrate with a
conductive pattern with a sealing resin and solidifying the
sealing resin which comes into contact with the plurality
of insulating substrate with a conductive pattern and the
beam portion, such that when the beam portion is dis-
torted, the sealing resin is compressed and thereby ap-
plies a repulsive force pressing the plurality of insulating
substrates into contract with the cooler.
[0030] According to a ninth aspect of the invention, the
semiconductor device manufacturing method according
to the eighth aspect may further include a step of pressing
the center of the beam portion against the jig to insert
the leading end of the fastener into an insertion hole of
the jig, thereby distorting the beam portion, before the
terminal case is filled with the sealing resin.
[0031] According to a ninth aspect of the invention, the
semiconductor device manufacturing method according
to the twelfth aspect may further include a step of dividing
the jig into two parts along a cutting line which passes
through the insertion hole provided at the center of the
jig and returning the distorted beam portion to the original

position, after the beam portion is distorted and the seal-
ing resin is solidified.

EFFECT OF THE INVENTION

[0032] According to the invention, the semiconductor
device includes the insulating substrates with a conduc-
tive pattern, the case which accommodates the insulating
substrates with a conductive pattern such that one main
surface of each of the insulating substrates with a con-
ductive pattern is exposed and is attached to the cooler,
and the beam portion that is provided in the case in the
beam shape so as to face the other main surfaces of the
insulating substrates with a conductive pattern. The lead-
ing end of the fastener that has a post shape and is pro-
vided at the center of the beam portion is inserted into
the attachment hole of the cooler attached to the case
such that the beam portion is distorted. Therefore, it is
possible to increase adhesion to the cooler and to reduce
contact thermal resistance.
[0033] The sealing resin fills the case so as to come
into contact with the plurality of insulating substrates with
a conductive pattern and the beam portion. Therefore,
the semiconductor device can be closely attached to the
cooler.
[0034] The plurality of insulating substrates with a con-
ductive pattern surround the fastener having the leading
end attached to the cooler and are raised toward the
beam portion such that the a portion thereof close to the
fastener is higher than an outer circumferential portion
close to the case. Therefore, the semiconductor device
can be simply attached to the cooler by a one-touch op-
eration. The attachment does not require torque man-
agement which is required for screwing and it is possible
to provide an inexpensive semiconductor device.
[0035] Since the attachment portion is disposed at the
center of the case, it is possible to reduce the external
dimensions, as compared to the related art in which the
attachment portion is disposed in the outer circumferen-
tial portion. Therefore, it is possible to provide a small
semiconductor device.
[0036] The above and other objects, features, and ad-
vantages of the invention will become apparent from the
following detailed description taken with the accompany-
ing drawings indicating the preferred embodiments of the
invention.

BRIEF DESCRIPTION OF DRAWINGS

[0037]

Fig. 1 is a diagram illustrating a main portion of the
structure of a semiconductor device according to a
first embodiment. Fig. 1(a) is a plan view, Fig. 1(b)
is a side cross-sectional view as viewed from an ar-
row A of Fig. 1(a), and Fig. 1(c) is a cross-sectional
view illustrating a main portion of an insulating sub-
strate with a conductive pattern;
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Fig. 2 is a plan view illustrating the main portion of
the insulating substrate with a conductive pattern in
a terminal case shown in Fig. 1;
Fig. 3 is a diagram sequentially illustrating processes
of attaching the semiconductor device to a cooler;
Fig. 4 is a diagram sequentially illustrating the proc-
esses of attaching the semiconductor device to the
cooler, which follows Fig. 3;
Fig. 5 is a cross-sectional view sequentially illustrat-
ing main manufacturing processes of a semiconduc-
tor device manufacturing method according to a sec-
ond embodiment;
Fig. 6 is a diagram sequentially illustrating the main
manufacturing processes of the semiconductor de-
vice manufacturing method according to the second
embodiment, which follows Fig. 5;
Fig. 7 is a diagram illustrating a main portion of the
structure of a semiconductor device according to a
third embodiment. Fig. 7(a) is a plan view, Fig. 7(b)
is a side cross-sectional view as viewed from an ar-
row A of Fig. 7(a), and Fig. 7(c) is a cross-sectional
view illustrating a main portion of an insulating sub-
strate with a conductive pattern;
Fig. 8 is a diagram illustrating the warping of a back
side conductor of the insulating substrate with a con-
ductive pattern shown in Fig. 7;
Fig. 9 is a diagram sequentially illustrating a process
of attaching the semiconductor device to a cooler;
Fig. 10 is a diagram illustrating the process of attach-
ing the semiconductor device to the cooler, which
follows Fig. 9;
Fig. 11 is a cross-sectional view sequentially illus-
trating main manufacturing processes of a semicon-
ductor device manufacturing method according to a
fourth embodiment;
Fig. 12 is a cross-sectional view sequentially illus-
trating the main manufacturing processes of the
semiconductor device manufacturing method ac-
cording to the fourth embodiment, which follows Fig.
11;
Fig. 13 is a cross-sectional view sequentially illus-
trating the main manufacturing processes of the
semiconductor device manufacturing method ac-
cording to the fourth embodiment, which follows Fig.
12;
Fig. 14 is a diagram illustrating a main portion of the
structure of a resin molding jig used in the manufac-
turing method. Fig. 14(a) is a plan view and Fig. 14(b)
is a cross-sectional view;
Fig. 15 is a cross-sectional view illustrating a main
portion of the structure of a semiconductor device
according to a fifth embodiment;
Fig. 16 is a diagram illustrating a main portion when
the semiconductor device shown in Fig. 15 is at-
tached to a cooler;
Fig. 17 is a cross-sectional view illustrating a main
portion of the structure of a semiconductor device
according to a sixth embodiment;

Fig. 18 is a diagram illustrating a main portion of the
structure of a semiconductor device disclosed in
Non-patent Document 1. Fig. 18(a) is a side view
and Fig. 18(b) is a top view;
Fig. 19 is a diagram illustrating a main portion of the
structure of a semiconductor device disclosed in Pat-
ent Document 1. Fig. 19(a) is a side view and Fig.
19(b) is a top view;
Fig. 20 is a diagram illustrating a main portion of the
structure of a semiconductor device disclosed in Pat-
ent Document 2. Fig. 20(a) is a side view and Fig.
20(b) is a top view; and
Fig. 21 is a diagram illustrating the warping of a back
side conductor shown in Fig. 18.

MODE(S) FOR CARRYING OUT THE INVENTION

[0038] Embodiments of the invention will be described.

<Embodiment 1>

[0039] Fig. 1 is a diagram illustrating a main portion of
the structure of a semiconductor device according to a
first embodiment. Fig. 1(a) is a plan view, Fig. 1(b) is a
side cross-sectional view as viewed from an arrow A of
Fig. 1(a), and Fig. 1(c) is a cross-sectional view illustrat-
ing a main portion of an insulating substrate with a con-
ductive pattern.
[0040] A semiconductor device 100 includes a terminal
case 1 in which terminals 3, which are external lead ter-
minals, are fixed to an outer frame 2, which is a case,
and a cross-shaped beam portion 4 that is connected to
the terminal case 1 and has elasticity (spring action). The
semiconductor device 100 includes four divided insulat-
ing substrates 5 with a conductive pattern and semicon-
ductor chips 6 that are fixed to each insulating substrate
5 with a conductive pattern. The insulating substrate 5
with a conductive pattern has a size of, for example, 20
mm 3 30 mm. In addition, the semiconductor device 100
includes a fastener 7 that is fixed to the center of the
beam portion 4 and protrudes to the lower side of the
insulating substrate 5 with a conductive pattern and a
sealing resin 8 that fills the terminal case 1 and has elas-
ticity. The terminal case 1, the beam portion 4, and the
fastener 7 are formed of the same resin material (for ex-
ample, PBT: polybutylene terephthalate) by molding.
Each of the terminal case 1, the beam portion 4, and the
fastener 7 may be fixed by an adhesive. Since the beam
portion 4 has a spring action, it has a small thickness of,
for example, about 1 mm. In addition, the beam portion
4 has a width of a few millimeters, for example, 4 mm.
The terminal 3 is a connection conductor plate with a
small width.
[0041] The leading end 3a of the terminal 3 (external
lead terminal) in the terminal case 1 is fixed to the sem-
iconductor chip 6 or the insulating substrate 5 with a con-
ductive pattern by solder (not shown). The semiconduc-
tor chip 6 is fixed to a conductive pattern 5a (Fig. 1(c))
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of the insulating substrate 5 with a conductive pattern by
solder (not shown). A material with high adhesion be-
tween the terminal case 1 and the insulating substrate 5
with a conductive pattern is used as the sealing resin 8
that has elasticity and fills the terminal case 1. For ex-
ample, a bonding material with high adhesion may be
used. Specifically, for example, RTV Rubber manufac-
tured by Shin-Etsu Chemical Co., Ltd. is used. The insu-
lating substrate 5 with a conductive pattern and the inner
wall of the terminal case 1 do not come into close contact
with each other, but may come into loose contact with
each other or may have a gap therebetween. The contact
makes it possible for the insulating substrate 5 with a
conductive pattern to be moved by the viscosity of the
sealing resin 8 when the semiconductor device 100 is
attached to a cooler 11, which will be described below.
The relationship between the insulating substrate 5 with
a conductive pattern and the inner wall of the terminal
case 1 and the relationship between the insulating sub-
strate 5 with a conductive pattern and the sealing resin
8 hold for Embodiments 2 to 6, which will be described
below.
[0042] A back side conductor 5b (Fig. 1(c)) of each
insulating substrate 5 with a conductive pattern is little
curved and is flat.
[0043] In Embodiment 1, four divided insulating sub-
strates 5 with a conductive pattern are provided. Howev-
er, two divided insulating substrates 5 with a conductive
pattern may be provided. That is, the insulating substrate
5 with a conductive pattern may be divided into a plurality
of insulating substrates along lines which radially extend
from the center of the terminal case 1. As shown in Fig.
1(c), the insulating substrate 5 with a conductive pattern
includes an insulating substrate 5c, such as a ceramic
plate, the conductive pattern 5a which is a conductor
formed on the front surface of the insulating substrate
5c, and a back side conductor 5b which is formed on the
back side. As described above, the semiconductor chip
6 is soldered to the conductive pattern 5a and the back
side conductor 5b comes into pressure contact with a
cooler (not shown).
[0044] The fastener 7 includes a post 7a and a hook
portion 7b that is provided at the lower end of the post
7a. A cutout 7d is formed in the post 7a so as to extend
from the bottom 7c of the hook portion 7b in the longitu-
dinal direction (downward direction). The cutout 7d is
used to fix the semiconductor device 100 to the cooler
(not shown) through the fastener 7. The hook portion 7b
is formed such that the cross-sectional area thereof in-
creases toward the upper side. In Fig. 1, the cutout 7d is
formed in one direction from the front side to the rear side
of the plane of paper. However, the cutout 7d may also
be formed along the central axis of the post 7a in a di-
rection perpendicular to the cutout 7d. In addition, a plu-
rality of cutouts may be formed along the central axis of
the post 7a so as to intersect each other. The structure
of the cutout holds for Embodiments 2 to 4 and Embod-
iment 6.

[0045] Fig. 2 is a plan view illustrating the arrangement
of the insulating substrates with a conductive pattern in
the terminal case shown in Fig. 1. In Fig. 2, the beam
portion 4 and the fastener 7 are not shown. Four divided
insulating substrates 5 with a conductive pattern are ar-
ranged around the center 9 where the fastener 7 is pro-
vided. A dividing line 10 by which the insulating substrate
with a conductive pattern is divided into four insulating
substrates 5 with a conductive pattern extends radially
(here, in a cross shape) from the position of the fastener
7. That is, the divided insulating substrates 5 with a con-
ductive pattern are radially arranged from the fastener 7.
[0046] Figs. 3 and 4 are diagrams sequentially illus-
trating a process of attaching the semiconductor device
to the cooler.
[0047] In Fig. 3(a), the semiconductor device 100 is
arranged on a cooler 11. In this case, the center of the
hook portion 7b of the semiconductor device 100 is
aligned with an attachment hole 12 provided at the center
of the cooler 11. The attachment hole 12 has a two-stage
structure in which the upper stage is a hole 12a and the
lower stage is a hole 12b with a larger diameter than the
hole 12a. The diameter of the hole 12a is equal to or
greater than a value obtained by subtracting the width
dd of the cutout 7d from the maximum diameter AA of
the hook portion 7b and is less than the maximum diam-
eter AA of the hook portion 7b. The diameter of the hole
12b is equal to or greater than the maximum diameter
AA of the hook portion 7b. The structure of the holes 12a
and 12b holds for Embodiments 2 to 4 and Embodiment
6.
[0048] In Fig. 3(b), force 13 is applied to a vertex 7e of
the post 7a of the fastener 7 to press the hook portion 7b
provided at the leading end of the fastener 7 to the hole
12a of the cooler 11. In this case, the cutout 7d formed
in the post 7a is narrowed and the diameter of the hook
portion 7b is reduced. The hook portion 7b can pass
through the hole 12a of the cooler 11. In this case, the
beam portion 4 is distorted downward and the sealing
resin 8 interposed between the beam portion 4, which is
an elastic body, and the insulating substrate 5 with a con-
ductive pattern is compressed.
[0049] In Fig. 4(a), after the hook portion 7b passes
through the hole 12a of the cooler 11, the cutout 7d is
spread by a spring action and returns to the original size.
The sealing resin 8 is compressed by the force 13 and
repulsive force 14 is applied in all directions like hydro-
static pressure.
[0050] In Fig. 4(b), when the force 13 applied to the
vertex 7e of the fastener 7 is removed, the beam portion
4 which is distorted downward is raised by the spring
action and force to return the beam portion 4 and the
compressed sealing resin 8 to the original state acts as
the repulsive force 14 and repulsive force 15. In this case,
since the compressed sealing resin 8 does not return to
the original state, the repulsive force 14 applied to the
sealing resin 8 is maintained. The repulsive force 14
presses the insulating substrates 5 with a conductive pat-
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tern to the lower side. When the beam portion 4 is drawn
to the upper side by the repulsive force 15, an upper end
portion 7f of the hook portion 7b provided at the leading
end of the fastener 7 presses the bottom 12c of the hole
12a of the cooler 11. The repulsive force 15 of the beam
portion 4 is transmitted to the cooler 11 through the fas-
tener 7 and the cooler 11 is pressed upward. The insu-
lating substrates 5 with a conductive pattern are pressed
by force 16. The insulating substrates 5 with a conductive
pattern come into close contact with the cooler 11 and
are fixed thereto by the repulsive force 14 of the sealing
resin 8 and the force 16 to raise the cooler 11. As such,
since the hook portion 7b is formed at the leading end of
the fastener 7, the hook portion 7b is inserted into the
hole 12 of the cooler 11 only by a one-touch operation
of applying the force 13 to the vertex 7e of the fastener
7. It is possible to bring the semiconductor device 100
into close contact with the cooler 11 and to fix the sem-
iconductor device 100 to the cooler 11 with a simple struc-
ture.
[0051] Since the insulating substrate 5 with a conduc-
tive pattern forming the semiconductor device 100 is di-
vided, it is possible to increase adhesion to the cooler 11
and to reduce contact thermal resistance. In addition, in
the semiconductor device 100, since the fastener 7 is
arranged at the center of the terminal case 1 in a plan
view, it is possible to reduce the external dimensions of
the semiconductor device, as compared to the semicon-
ductor device disclosed in Non-patent Document 1 or
Patent Document 1. In addition, in the semiconductor
device 100, since the hook portion 7b is provided in the
fastener 7, it is possible to bring the semiconductor device
100 into close contact with the cooler 11 and to fix the
semiconductor device 100 to the cooler 11 with a simple
structure. Therefore, a screwing operation requiring a lot
of time is not required and torque management is not
required. As a result, it is possible to reduce manufactur-
ing costs.

<Embodiment 2>

[0052] Figs. 5 and 6 are cross-sectional views sequen-
tially illustrating main manufacturing processes of a sem-
iconductor device manufacturing method according to a
second embodiment.
[0053] In Fig. 5(a), insulating substrates 5 with a con-
ductive pattern are placed on a solder jig 21. Solder (not
shown) is applied onto the insulating substrates 5 (con-
ductive patterns 5a) with a conductive pattern. Semicon-
ductor chips 6 are placed on the applied solder.
[0054] In Fig. 5(b), solder (not shown) is applied onto
the semiconductor chips 6. A terminal case 1 in which a
beam portion 4 and a fastener 7 are integrally molded is
provided on the semiconductor chips 6 such that a lead-
ing end 3a of a terminal 3 (external lead terminal) is pro-
vided on the semiconductor chip 6. Then, the tempera-
ture of the solder jig 21 is increased to melt the solder.
Then, the solder jig 21 is cooled to solidify the solder such

that the insulating substrates 5 with a conductive pattern
are soldered to the semiconductor chips 6 and the sem-
iconductor chips 6 are soldered to the terminals 3 (leading
ends 3a).
[0055] In Fig. 5(c), the terminal case 1 in which the
terminals 3 (leading ends 3a) are soldered to the semi-
conductor chips 6 and the semiconductor chips 6 are
soldered to the insulating substrates 5 with a conductive
pattern is taken off from the solder jig 21.
[0056] In Fig. 6(a), the terminal case 1 after soldering
is placed on a resin molding jig 22 and the sealing resin
8 is molded and solidified. The sealing resin 8 is the ex-
isting resin with elasticity and is, for example, a bonding
material with high adhesion.
[0057] In Fig. 6(b), the terminal case 1 in which the
sealing resin 8 is molded and solidified is taken off from
the resin molding jig 22.
[0058] In the semiconductor device 100, the entire ex-
posed surface of a back side conductor 5b of each of the
four divided insulating substrates 5 with a conductive pat-
tern is flat (see Fig. 1). Therefore, when the semiconduc-
tor device 100 is attached to a cooler 11, a contact force
tends to increase in the vicinity of the fastener 7 and to
decrease in an outer circumferential portion in the contact
surface between the semiconductor device 100 and the
cooler 11. A method which solves the problem and can
fix the semiconductor device from the vicinity of the fas-
tener 7 to the outer circumferential portion will be de-
scribed below.

<Embodiment 3>

[0059] Fig. 7 is a diagram illustrating a main portion of
the structure of a semiconductor device according to a
third embodiment. Fig. 7(a) is a plan view, Fig. 7(b) is a
side cross-sectional view as viewed from an arrow A of
Fig. 7(a), and Fig. 7(c) is a cross-sectional view illustrat-
ing a main portion of an insulating substrate with a con-
ductive pattern.
[0060] A semiconductor device 200 differs from the
semiconductor device 100 (see Fig. 1) in that a portion
of an insulating substrate 5 with a conductive pattern,
which is adjacent to a fastener 7, is raised. A raised height
H is in the range of about 100 mm to 200 mm and the
upper surface of a sealing resin 8 is also raised by the
height. Therefore, the upper surface of the semiconduc-
tor device 200 is curved upward in a convex shape by a
height of about 100 mm to 200 mm.
[0061] Fig. 8 is a diagram illustrating the warping of a
back side conductor of the insulating substrate with a
conductive pattern shown in Fig. 7. The insulating sub-
strates are curved such that the curve is concave upward.
In Fig. 8, among contours line 23 of the curve, a contour
line at the center indicates the smallest height (is concave
upward) and the height increases concentrically toward
the outer circumferential portion. As such, warping uni-
formly occurs from the center to the outer circumference.
Therefore, when the semiconductor device 200 is at-
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tached to a cooler 11, it is possible to increase the ad-
hesion (contact force) between the insulating substrates
5 with a conductive pattern and the cooler 11.
[0062] Figs. 9 to 10 are diagrams sequentially illustrat-
ing processes of attaching the semiconductor device to
the cooler.
[0063] In Fig. 9(a), the semiconductor device 200 is
arranged on the cooler 11. In this case, the center of a
hook portion 7b of the semiconductor device 200 is
aligned with an attachment hole 12 provided at the center
of the cooler 11. The attachment hole 12 has a two-stage
structure in which the upper stage is a hole 12a and the
lower stage is a hole 12b with a larger diameter than the
hole 12a.
[0064] In Fig. 9(b), force 13 is applied to a vertex 7e of
a post 7a of the fastener 7 to press a hook portion 7b
provided at the leading end of the fastener 7 to the hole
12a of the cooler 11. In this case, a cutout 7d formed in
the post 7a is narrowed and the diameter of the hook
portion 7b is reduced. The hook portion 7b can pass
through the hole 12a of the cooler 11. In this case, a
beam portion 4 which is provided on the upper side is
distorted downward and a back side conductor 5b of the
insulating substrate 5 with a conductive pattern comes
into contact with the entire region of the cooler 11.
[0065] In Fig. 10(a), after the hook portion 7b passes
through the hole 12a of the cooler 11, the cutout 7d is
spread and returns to the original state. The cutout 7d
returns to the original size.
[0066] In Fig. 10(b), when the force 13 applied to the
vertex 7e of the fastener 7 is removed, the beam portion
4 which is distorted downward is raised by a spring action
and force to return the beam portion 4 to the original state
acts. The force 15 is transmitted to the hook portion 7b
provided at the leading end of the fastener 7 and an upper
end portion 7f of the hook portion 7b comes into close
contact with the bottom 12c of the hole 12a of the cooler
11. Repulsive force 14 generated by the spring action of
the beam portion 4 is transmitted to the cooler 11 through
the hook portion 7b and the cooler 11 is raised. The in-
sulating substrate 5 with a conductive pattern is pressed
by the repulsive force 14 generated by the sealing resin
8. In this way, the semiconductor device 200 comes into
close contact with the cooler 11 and is fixed thereto.
[0067] In the semiconductor device 200, the force 13
applied to the fastener 7 which is disposed at the center
of the terminal case 1 is transmitted to the center of the
cooler 11. Then, the force 13 is transmitted to the outer
circumferential portion of the cooler 11. Therefore, strong
force is applied to a central portion of the contact surface
between the semiconductor device 200 and the cooler
11 and weak force is applied to an outer circumferential
portion. Since a corner portion 5d (which is disposed in
the vicinity of the fastener 7) of each insulating substrate
5 with a conductive pattern which greatly warps is dis-
posed in the central portion to which strong force is ap-
plied, the force applied to the central portion is weakened
and uniform force is applied to the entire insulating sub-

strate 5 with a conductive pattern.
[0068] In addition, since the insulating substrate 5 with
a conductive pattern forming the semiconductor device
200 is divided and the insulating substrate 5 with a con-
ductive pattern which is provided in the vicinity of the
fastener 7 is raised, it is possible to increase adhesion
to the cooler 11. When the adhesion is increased, it is
possible to reduce contact thermal resistance between
the semiconductor device 200 and the cooler 11. In ad-
dition, in the semiconductor device 200, since the fas-
tener 7 is arranged at the center of the terminal case 1
in a plan view, it is possible to reduce the external dimen-
sions of the semiconductor device. In addition, in the
semiconductor device 200, since the hook portion 7b is
provided in the fastener 7, it is possible to bring the sem-
iconductor device 200 into close contact with the cooler
11 and to fix the semiconductor device 200 to the cooler
11 with a simple structure. Therefore, a screwing oper-
ation requiring a lot of time is not required and torque
management is not required. As a result, it is possible to
reduce manufacturing costs.

<Embodiment 4>

[0069] Figs. 11 to 13 are cross-sectional views illus-
trating main manufacturing processes of a semiconduc-
tor device manufacturing method according to a fourth
embodiment.
[0070] Fig. 14 is a diagram illustrating a main portion
of the structure of a resin molding jig used in the manu-
facturing method. Fig. 14(a) is a plan view and Fig. 14(b)
is a cross-sectional view. Fig. 14(b) shows a terminal
case 1 or an insulating substrate 5 with a conductive pat-
tern for reference.
[0071] In Fig. 11(a), the insulating substrates 5 with a
conductive pattern are place on a solder jig 21. Solder
(not shown) is applied onto the insulating substrates 5
(conductive patterns 5a) with a conductive pattern. Sem-
iconductor chips 6 are placed on the applied solder.
[0072] In Fig. 11(b), solder (not shown) is applied onto
the semiconductor chips 6. The terminal case 1 in which
a beam portion 4 and a fastener 7 are integrally molded
is provided on the semiconductor chips 6 such that a
leading end 3a of a terminal 3 is provided on the semi-
conductor chip 6. Then, the temperature of the solder jig
21 is increased to melt the solder. Then, the solder jig 21
is cooled to solidify the solder such that the insulating
substrates 5 with a conductive pattern are soldered to
the semiconductor chips 6 and the semiconductor chips
6 are soldered to the terminals 3 (leading ends 3a).
[0073] In Fig. 11(c), the terminal case 1 in which the
terminals 3 (leading ends 3a) are soldered to the semi-
conductor chips 6 and the semiconductor chips 6 are
soldered to the insulating substrates 5 with a conductive
pattern is taken off from the solder jig 21.
[0074] In Fig. 12(a), the terminal case 1 in which the
terminals 3 (leading ends 3a) are soldered to the semi-
conductor chips 6 and the semiconductor chips 6 are
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soldered to the insulating substrates 5 with a conductive
pattern is placed on a resin molding jig 24. A hole 25
which is formed at the center of the resin molding jig 24
and into which the fastener 7 is inserted has the same
structure as an attachment hole 12 which is formed in a
cooler 11. However, as shown in Fig. 14, the resin mold-
ing jig 24 can be separated into two portions, that is, the
right and left portions (a first jig 24a and a second jig 24b) .
[0075] Then, force 26 is applied to a vertex 7e of a post
7a of the fastener 7 to press the fastener 7 downward.
Then, the beam portion 4 is moved down by about 100
mm to 200 mm. A hook portion 7b of the fastener 7 passes
through a hole 25a and an upper end portion 7f of the
hook portion 7b comes into contact with the bottom 25c
of the hole 25a formed in the resin molding jig 24.
[0076] In Fig. 12(b), the hook portion 7b passes
through the hole 25a and is inserted into a hole 25b.
When the hook portion 7b is inserted into the hole 25b,
a cutout 7d is spread and the hook portion 7b returns to
the original size. With force 26 being applied, a sealing
resin 8 is molded in the terminal case 1 and is solidified.
[0077] In Fig. 13(a), the force 26 (see Fig. 12) is re-
moved and the first jig 24a and the second jig 24b of the
resin molding jig 24 shown in Fig. 14 are separated from
each other. The terminal case 1 in which the sealing resin
8 is molded and solidified is taken off from the resin mold-
ing jig 24. In this case, since the force 26 is removed, the
beam portion 4 returns to the original position by a spring
action and the fastener 7 is raised. A corner portion 5d
of each of the divided insulating substrates 5 with a con-
ductive pattern, which is adjacent to the fastener 7, is
raised toward the terminal case 1 by the spring action of
the beam portion 4 so as to be higher than a peripheral
portion. The raised height H of the corner portion 5d is
in the range of about 100 mm to 200 mm (in a floating
state).
[0078] As such, since the corner portion 5d of each
insulating substrate 5 with a conductive pattern, which is
arranged in the vicinity of the fastener 7, is raised, it is
possible to improve the contact with the cooler 11.

<Embodiment 5>

[0079] Fig. 15 is a cross-sectional view illustrating a
main portion of a semiconductor device according to a
fifth embodiment. A semiconductor device 300 differs
from the semiconductor device 200 (see Fig. 7) in that a
screw 27 replaces the fastener 7. A screw thread 28 is
formed in the screw 27 and a cross slot 30 is formed in
the head 29 of the screw 27. The screw 27 is supported
by a screw post 31 with a through hole through which the
screw 27 passes.
[0080] Fig. 16 is a cross-sectional view illustrating the
main portion when the semiconductor device shown in
Fig. 15 is attached to a cooler. The screw 27 is inserted
into a screw receiving portion 11b of a cooler 11a. When
the screw 27 is tightened, the beam portion 4 is curved
downward. In this case, a sealing resin 8 is interposed

and compressed between the beam portion 4 and the
insulating substrates 5 with a conductive pattern and
presses the insulating substrates 5 with a conductive pat-
tern. The pressing force 32 is used to attach the semi-
conductor device 300 to the cooler 11a. The screw thread
28 of the screw 27 is engaged with a screw thread 11c
of the screw receiving portion 11b and the screw 27 func-
tions as the hook portion 7b. The screw receiving portion
11b is the insertion depth of the screw 27 and the depth
is determined such that the repulsive force of the beam
portion 4 is appropriate.
[0081] The semiconductor device 300 is not fixed to
the cooler 11a by the tightening torque of the screw 27,
but by the repulsive force of the beam portion 4 arranged
in the terminal case 1. Therefore, torque management
for screwing is not required, unlike the related art. In this
case, the same effect as that in Embodiment 1 is ob-
tained.

<Embodiment 6>

[0082] Fig. 17 is a cross-sectional view illustrating a
main portion of a semiconductor device according to a
sixth embodiment. A semiconductor device 400 differs
from the semiconductor device 200 (see Fig. 7) in that
bonding wires 33 are used as some of the terminals 3 of
the terminal case 1. In this embodiment, the bonding
wires 33 are used to connect semiconductor chips 6 and
to connect the semiconductor chips 6 and insulating sub-
strates 5 (conductive pattern 5a) with a conductive pat-
tern. Since a fastener 7 of the semiconductor device 400
is the same as that in Embodiment 2, the same effect as
that in Embodiment 2 is obtained. In some cases, a gen-
eral case corresponding to an outer frame 2 of the ter-
minal case 1 is used instead of the terminal case 1 used
in Embodiment 6 and the terminal 3 which passes
through the terminal case 1 is drawn from the upper side
of the general case (outer frame 2) to the outside.
[0083] The application of the bonding wire 33 is not
limited to the semiconductor device 200, but the bonding
wire 33 can also be applied to the semiconductor devices
100 and 300.
[0084] The above-described Embodiments 1 to 4 are
summarized as follows.
[0085] The semiconductor devices 100 to 400 are
manufactured using the terminal case 1, the beam por-
tion 4 which has elasticity and is connected to the terminal
case 1, a plurality of divided insulating substrates 5 with
a conductive pattern, the fastener 7 which is provided at
the center, and the sealing resin 8 which has elasticity
and fills the terminal case 1. Therefore, it is possible to
improve adhesion to the coolers 11 and 11a and to re-
duce contact thermal resistance between the semicon-
ductor devices 100 to 400 and the coolers 11 and 11a.
[0086] Since a plurality of divided insulating substrates
5 with a conductive pattern are provided, they can be
closely attached to the coolers 11 and 11a.
[0087] In the semiconductor devices 100, 200, and
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400, the hook portion 7b provided at the leading end of
the fastener 7 is inserted into the two-stage holes 12a
and 12b provided in the cooler 11 only by a one-touch
operation of applying the force 13 to the vertex 7e of the
fastener 7. Therefore, it is possible to simply attach the
semiconductor devices 100, 200, and 400 to the cooler
11. Since the screw 27 of the semiconductor device 300
is used as the hook portion 7b, it is possible to simply
attach the semiconductor device 300 to the cooler 11.
The attachment does not require a screwing operation
unlike the related art and does not also require torque
management. Therefore, it is possible to reduce the man-
ufacturing costs of the semiconductor devices 100, 200,
and 400.
[0088] In Embodiments 1 to 4, the insulating substrate
5 with a conductive pattern comes into close contact with
the cooler 11 and is fixed thereto and the dimensions of
the semiconductor device can be reduced, which hold
for Embodiments 5 and 6.
[0089] Only the principle of the invention has been de-
scribed above. Various modifications and changes of the
invention can be made by those skilled in the art. The
invention is not limited to the above-mentioned accurate
structures and applications and all of the corresponding
modifications and equivalents are regarded as the scope
of the invention defined by the appended claims.

EXPLANATIONS OF LETTERS OR NUMERALS

[0090]

1 TERMINAL CASE
2 OUTER FRAME
3 TERMINAL
4 BEAM PORTION
5 INSULATING SUBSTRATE WITH

CONDUCTIVE PATTERN
5a CONDUCTIVE PATTERN
5b BACK SIDE CONDUCTOR
5c INSULATING SUBSTRATE
6 SEMICONDUCTOR CHIP
7 FASTENER
7a POST
7b HOOK PORTION
7c BOTTOM
7d CUTOUT
7e VERTEX
8 SEALING RESIN
9 CENTER
10 DIVIDING LINE
11, 11a COOLER
12 ATTACHMENT HOLE
12a, 25a SMALL HOLE
12b, 25b LARGE HOLE
13, 16, 26, 32 FORCE
14, 15 REPULSIVE FORCE
21 SOLDER JIG
22, 24 RESIN MOLDING JIG

23 CONTOUR LINE
24a FIRST JIG
24b SECOND JIG
25 INSERTION HOLE
27 SCREW
28 SCREW THREAD
29 HEAD
30 CROSS SLOT
31 SCREW POST
33 BONDING WIRE

Claims

1. A semiconductor device (100) comprising:

a plurality of insulating substrates with a con-
ductive pattern (5), each of which includes a con-
ductor (5b) formed on a main surface of an in-
sulating plate (5c);
a case which accommodates the plurality of in-
sulating substrates with a conductive pattern (5)
such that one main surface of each of the insu-
lating substrates with a conductive pattern (5) is
exposed and to which a cooler (11) that comes
into contact with the exposed main surface of
each of the plurality of insulating substrates with
a conductive pattern (5) is attached;
a beam portion (4) that is provided in the case
in a beam shape so as to face the other main
surfaces of the plurality of insulating substrates
with a conductive pattern (5) accommodated in
the case; and
a fastener (7) that has a post shape, is provided
at the center of the beam portion (4), and has a
leading end which is inserted into an attachment
hole (12) of the cooler (11) attached to the case
such that the beam portion (4) is distorted;

characterized in that:

the semiconductor device (100) further compris-
es a sealing resin (8) that fills the case so as to
come into contact with the plurality of insulating
substrates with a conductive pattern (5) and the
beam portion (4), such that
when the beam portion (4) is distorted, the seal-
ing resin (8) is compressed and thereby applies
a repulsive force pressing the plurality of insu-
lating substrates into contact with the cooler
(11).

2. The semiconductor device (100) according to claim
1,
wherein the sealing resin (8) is made of an elastic
material.

3. The semiconductor device (100) according to claim
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1,
wherein the plurality of insulating substrates with a
conductive pattern (5) are accommodated in the
case so as to surround the fastener (7) having the
leading end attached to the cooler (11).

4. The semiconductor device (100) according to claim
2,
wherein the plurality of insulating substrates with a
conductive pattern (5) are raised toward the beam
portion (4) such that a portion thereof close to the
fastener (7) is higher than an outer circumferential
portion close to the case.

5. The semiconductor device (100) according to claim
1,
wherein the case, the beam portion (4), and the fas-
tener (7) are integrally formed of a resin by molding.

6. The semiconductor device according to claim 1,
wherein the fastener (7) includes a post (7a) and a
hook portion (7b) which is provided at a leading end
of the post (7a), and
a cutout (7d) is formed in the post (7a) so as to extend
from the bottom of the hook portion (7b).

7. The semiconductor device (100) according to claim
1,
wherein a screw (27) is formed at the leading end of
the fastener (7).

8. A semiconductor device manufacturing method
comprising:
a step of placing a plurality of insulating substrates
with a conductive pattern (5), each of which includes
a conductor (5b) formed on a main surface of an
insulating plate (5c), on a jig (22; 24) such that the
plurality of insulating substrates with a conductive
pattern (5) surround a central hole of the jig (22; 24)
and one main surface of each of the plurality of in-
sulating substrates with a conductive pattern (5) fac-
es the jig (22; 24); and
a step of covering the plurality of insulating sub-
strates with a conductive pattern (5) with a terminal
case (1), in which a case which accommodates the
plurality of insulating substrates with a conductive
pattern (5) such that the one main surface of each
of the insulating substrates with a conductive pattern
(5) is exposed and to which a cooler (11) that comes
into contact with the exposed main surface of each
of the plurality of insulating substrates with a con-
ductive pattern (5) is attached, a beam portion (4)
that is provided in the case in a beam shape so as
to face the other main surfaces of the plurality of
insulating substrates with a conductive pattern (5)
accommodated in the case, and a fastener (7) that
has a post shape, is provided at the center of the
beam portion (4), and has a leading end which is

inserted into an attachment hole (12) of the cooler
(11) attached to the case such that the beam portion
(4) is distorted, such that the leading end of the fas-
tener (7) is aligned with the central hole of the jig (22;
24);
characterized in that:

the semiconductor device manufacturing meth-
od further comprises a step of filling the terminal
case (1) which covers the plurality of insulating
substrate with a conductive pattern (5), with a
sealing resin (8) and solidifying the sealing resin
(8) which comes into contact with the plurality
of insulating substrate with a conductive pattern
(5) and the beam portion (4), such that
when the beam portion (4) is distorted, the seal-
ing resin (8) is compressed and thereby applies
a repulsive force pressing the plurality of insu-
lating substrates into contact with the cooler
(11).

9. The semiconductor device manufacturing method
according to claim 8, further comprising:
a step of pressing the center of the beam portion (4)
against the jig (22; 24) to insert the leading end of
the fastener (7) into an insertion hole (25) of the jig
(22; 24), thereby distorting the beam portion (4), be-
fore the terminal case (1) is filled with the sealing
resin (8).

10. The semiconductor device manufacturing method
according to claim 9, further comprising:
a step of dividing the jig (24) into two parts (24a, 24b)
along a cutting line which passes through the inser-
tion hole (25) provided at the center of the jig (24)
and returning the distorted beam portion to the orig-
inal position, after the beam portion (4) is distorted
and the sealing resin (8) is solidified.

Patentansprüche

1. Halbleitervorrichtung (100), umfassend:

mehrere isolierende Substrate mit einem Leiter-
bild (5), von denen jedes einen Leiter (5b) um-
fasst, der auf einer Hauptfläche einer Isolierplat-
te (5c) gebildet ist;
ein Gehäuse, das die mehreren isolierenden
Substrate mit einem Leiterbild (5) aufnimmt, so-
dass eine Hauptfläche von jedem der isolieren-
den Substrate mit einem Leiterbild (5) freiliegt,
und an dem ein Kühler (11) angebracht ist, der
mit der freiliegenden Hauptfläche von jedem der
mehreren isolierenden Substrate mit einem Lei-
terbild (5) in Kontakt kommt;
einen Trägerabschnitt (4), der in dem Gehäuse
in einer Trägerform vorgesehen ist, sodass er
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den anderen Hauptflächen der mehreren isolie-
renden Substrate mit einem Leiterbild (5) zuge-
wandt ist, die in dem Gehäuse aufgenommen
sind; und
eine Befestigungsvorrichtung (7), die eine Säu-
lenform aufweist, in der Mitte des Trägerab-
schnitts (4) vorgesehen ist und ein vorderes En-
de aufweist, das in ein Befestigungsloch (12)
des Kühlers (11), der an dem Gehäuse ange-
bracht ist, eingeführt wird, sodass der Trägerab-
schnitt (4) verformt wird;
dadurch gekennzeichnet, dass:
die Halbleitervorrichtung (100) ferner ein Ab-
dichtungsharz (8) umfasst, welches das Gehäu-
se füllt, sodass es mit den mehreren isolieren-
den Substraten mit einem Leiterbild (5) und dem
Trägerabschnitt (4) in Kontakt kommt, sodass,
wenn der Trägerabschnitt (4) verformt wird, das
Abdichtungsharz (8) zusammengedrückt wird
und dadurch eine Abstoßungskraft ausübt, wel-
che die mehreren isolierenden Substrate in Kon-
takt mit dem Kühler (11) drückt.

2. Halbleitervorrichtung (100) nach Anspruch 1,
wobei das Abdichtungsharz (8) aus einem elasti-
schen Material hergestellt ist.

3. Halbleitervorrichtung (100) nach Anspruch 1,
wobei die mehreren isolierenden Substrate mit ei-
nem Leiterbild (5) in dem Gehäuse derart aufgenom-
men sind, dass sie die Befestigungsvorrichtung (7)
umgeben, deren vorderes Ende an dem Kühler (11)
angebracht ist.

4. Halbleitervorrichtung (100) nach Anspruch 2,
wobei die mehreren isolierenden Substrate mit ei-
nem Leiterbild (5) in Richtung auf den Trägerab-
schnitt (4) derart angehoben sind, dass ein Abschnitt
davon nahe der Befestigungsvorrichtung (7) höher
ist als ein äußerer Umfangsabschnitt nahe dem Ge-
häuse.

5. Halbleitervorrichtung (100) nach Anspruch 1,
wobei das Gehäuse, der Trägerabschnitt (4) und die
Befestigungsvorrichtung (7) aus einem Harz durch
Formen einstückig gebildet sind.

6. Halbleitervorrichtung nach Anspruch 1,
wobei die Befestigungsvorrichtung (7) eine Säule
(7a) und einen Hakenabschnitt (7b) umfasst, der an
einem vorderen Ende der Säule (7a) vorgesehen ist,
und
einen Ausschnitt (7d) in der Säule (7a) derart gebil-
det ist, dass er sich von der Unterseite des Haken-
abschnitts (7b) erstreckt.

7. Halbleitervorrichtung (100) nach Anspruch 1,
wobei eine Schraube (27) am vorderen Ende der

Befestigungsvorrichtung (7) gebildet ist.

8. Halbleitervorrichtungsherstellungsverfahren, um-
fassend:

einen Schritt des Platzierens mehrerer isolieren-
der Substrate mit einem Leiterbild (5), von de-
nen jedes einen Leiter (5b) umfasst, der auf ei-
ner Hauptfläche einer Isolierplatte (5c) gebildet
ist, auf einer Haltevorrichtung (22; 24), sodass
die mehreren isolierenden Substrate mit einem
Leiterbild (5) ein zentrales Loch der Haltevor-
richtung (22; 24) umgeben und eine Hauptfläche
von jedem der mehreren isolierenden Substrate
mit einem Leiterbild (5) der Haltevorrichtung (22;
24) zugewandt ist; und
einen Schritt des Abdeckens der mehreren iso-
lierenden Substrate mit einem Leiterbild (5) mit
einem Anschlussgehäuse (1), darin ein Gehäu-
se, das die mehreren isolierenden Substrate mit
einem Leiterbild (5) aufnimmt, sodass die eine
Hauptfläche von jedem der isolierenden Subst-
rate mit einem Leiterbild (5) freiliegt, und an dem
ein Kühler (11) angebracht ist, der mit der frei-
liegenden Hauptfläche von jedem der mehreren
isolierenden Substrate mit einem Leiterbild (5)
in Kontakt kommt, einen Trägerabschnitt (4), der
in dem Gehäuse in einer Trägerform vorgese-
hen ist, sodass er den anderen Hauptflächen
der mehreren isolierenden Substrate mit einem
Leiterbild (5), die in dem Gehäuse aufgenom-
men sind, zugewandt ist, und eine Befesti-
gungsvorrichtung (7), die eine Säulenform auf-
weist, in der Mitte des Trägerabschnitts (4) vor-
gesehen ist und ein vorderes Ende aufweist, das
in ein Befestigungsloch (12) des Kühlers (11),
der an dem Gehäuse angebracht ist, eingeführt
wird, sodass der Trägerabschnitt (4) verformt
wird, sodass das vordere Ende der Befesti-
gungsvorrichtung (7) mit dem zentralen Loch
der Haltevorrichtung (22; 24) ausgerichtet wird;
dadurch gekennzeichnet, dass:

das Halbleitervorrichtungsherstellungsver-
fahren ferner einen Schritt des Füllens des
Anschlussgehäuses (1), das die mehreren
isolierenden Substrate mit einem Leiterbild
(5) abdeckt, mit einem Abdichtungsharz (8)
und des Verfestigens des Abdichtungshar-
zes (8) umfasst, das mit den mehreren iso-
lierenden Substraten mit einem Leiterbild
(5) und dem Trägerabschnitt (4) in Kontakt
kommt, sodass
wenn der Trägerabschnitt (4) verformt wird,
das Abdichtungsharz (8) zusammenge-
drückt wird und dadurch eine Abstoßungs-
kraft ausübt, welche die mehreren isolieren-
den Substrate in Kontakt mit dem Kühler
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(11) drückt.

9. Halbleitervorrichtungsherstellungsverfahren nach
Anspruch 8, ferner umfassend:
einen Schritt des Drückens der Mitte des Trägerab-
schnitts (4) gegen die Haltevorrichtung (22; 24), um
das vordere Ende der Befestigungsvorrichtung (7)
in ein Einführungsloch (25) der Haltevorrichtung (22;
24) einzuführen, wodurch der Trägerabschnitt (4)
verformt wird, bevor das Anschlussgehäuse (1) mit
dem Abdichtungsharz (8) gefüllt wird.

10. Halbleitervorrichtungsherstellungsverfahren nach
Anspruch 9, ferner umfassend:
einen Schritt des Teilens der Haltevorrichtung (24)
in zwei Teile (24a, 24b) entlang einer Schnittlinie,
die durch das in der Mitte der Haltevorrichtung (24)
vorgesehene Einführungsloch (25) verläuft, und des
Zurückbringens des verformten Trägerabschnitts in
die ursprüngliche Position, nachdem der Trägerab-
schnitt (4) verformt und das Abdichtungsharz (8) ver-
festigt ist.

Revendications

1. Dispositif à semi-conducteur (100) comprenant:

une pluralité de substrats isolants avec un tracé
conducteur (5), chacun d’entre eux comprenant
un conducteur (5b) formé sur une surface prin-
cipale d’une plaque isolante (5c);
un boîtier qui héberge la pluralité des substrats
isolants avec un tracé conducteur (5), de sorte
qu’une surface principale de chacun des subs-
trats isolants avec un tracé conducteur (5) est
exposée, et auquel un refroidisseur (11) qui ar-
rive en contact avec la surface principale expo-
sée de chacun de la pluralité des substrats iso-
lants avec un tracé conducteur (5) est fixé;
une partie en barre (4), fournie dans le boîtier,
en forme d’une barre de manière à faire face à
d’autres surfaces principales de la pluralité des
substrats isolants avec un tracé conducteur (5)
hébergés dans le boîtier; et
un élément de fixation (7) qui a une forme de
tige, est fourni au centre de la partie en barre
(4), et a une extrémité avant insérée dans un
trou de fixation (12) du refroidisseur (11) fixé au
boîtier de sorte que la partie en barre (4) est
déformée;
caractérisé en ce que:

le dispositif à semi-conducteur (100) com-
prend en outre une résine d’encapsulation
(8) qui remplit le boîtier de manière à venir
en contact avec la pluralité des substrats
isolants avec un tracé conducteur (5) et la

partie en barre (4) de telle sorte que,
lorsque la partie en barre (4) est déformée,
la résine d’encapsulation (8) est comprimée
et applique ainsi une force de répulsion
pressant la pluralité des substrats isolants
en contact avec le refroidisseur (11).

2. Dispositif à semi-conducteur (100) selon la revendi-
cation 1,
dans lequel la résine d’encapsulation (8) est consti-
tuée d’une matière élastique.

3. Dispositif à semi-conducteur (100) selon la revendi-
cation 1,
dans lequel la pluralité des substrats isolants avec
un tracé conducteur (5) sont logés dans le boîtier de
manière à entourer l’élément de fixation (7) ayant
l’extrémité avant fixée au refroidisseur (11).

4. Dispositif à semi-conducteur (100) selon la revendi-
cation 2,
dans lequel la pluralité des substrats isolants avec
un tracé conducteur (5) s’élèvent vers la partie en
barre (4) de manière à ce qu’une partie de ceux-ci
proche de l’élément de fixation (7) est plus élevée
qu’une partie de circonférence extérieure proche du
boîtier.

5. Dispositif à semi-conducteur (100) selon la revendi-
cation 1,
dans lequel le boîtier, la partie en barre (4), et l’élé-
ment de fixation (7) sont intégralement formés d’une
résine par moulage.

6. Dispositif à semi-conducteur selon la revendication
1,
dans lequel l’élément de fixation (7) comprend une
tige (7a) et une partie d’accrochage (7b) fournie à
une extrémité avant de la tige (7a), et
un découpage (7d) est formé dans la tige (7a) de
manière à s’étendre à partir du bas de la partie d’ac-
crochage (7b).

7. Dispositif à semi-conducteur (100) selon la revendi-
cation 1,
dans lequel une vis (27) est formée à l’extrémité
avant de l’élément de fixation (7).

8. Procédé de fabrication de dispositif à semi-conduc-
teur comprenant:

une étape consistant à placer une pluralité de
substrats isolants avec un tracé conducteur (5),
chacun d’entre eux comprenant un conducteur
(5b) formé sur une surface principale d’une pla-
que isolante (5c), sur un gabarit (22 ; 24) de sor-
te que la pluralité des substrats isolants avec un
tracé conducteur (5) entourent un trou central
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du gabarit (22 ; 24) et qu’une surface principale
de chacun de la pluralité des substrats isolants
avec un tracé conducteur (5) fait face au gabarit
(22 ; 24); et
une étape consistant à recouvrir la pluralité des
substrats isolants avec un tracé conducteur (5)
avec un boîtier de raccord terminal (1), où un
boîtier héberge la pluralité des substrats isolants
avec un tracé conducteur (5) de sorte que cette
surface principale de chacun des substrats iso-
lants avec un tracé conducteur (5) est exposée,
et auquel est fixé un refroidisseur (11) qui vient
en contact avec la surface principale exposée
de chacun de la pluralité des substrats isolants
avec un tracé conducteur (5), une partie en barre
(4) en forme d’une barre qui est fournie dans le
boîtier de manière à faire face aux autres surfa-
ces principales de la pluralité des substrats iso-
lants avec un tracé conducteur (5) logés dans
le boîtier, et un élément de fixation (7) qui a une
forme de tige, est fourni au centre de la partie
en barre (4), et a une extrémité avant insérée
dans un trou de fixation (12) du refroidisseur (11)
fixé au boîtier de sorte que la partie en barre (4)
est déformée de telle sorte que l’extrémité avant
de l’élément de fixation (7) est alignée avec le
trou central du gabarit (22 ; 24);
caractérisé en ce que:

le procédé de fabrication de dispositif à
semi-conducteur comprend en outre une
étape de remplissage du boîtier de raccord
terminal (1), lequel recouvre la pluralité des
substrats isolants avec un tracé conducteur
(5), avec une résine d’encapsulation (8) et
de solidification de la résine d’encapsula-
tion (8) qui vient en contact avec la pluralité
des substrats isolants avec un tracé con-
ducteur (5) et la partie en barre (4) de telle
sorte que,
lorsque la partie en barre (4) est déformée,
la résine d’encapsulation (8) est comprimée
et applique ainsi une force de répulsion
pressant la pluralité des substrats isolants
en contact avec le refroidisseur (11).

9. Procédé de fabrication de dispositif à semi-conduc-
teur selon la revendication 8, comprenant en outre:
une étape consistant à presser le centre de la partie
en barre (4) contre le gabarit (22 ; 24) pour insérer
l’extrémité avant de l’élément de fixation (7) dans un
trou d’insertion (25) du gabarit (22 ; 24) en déformant
ainsi la partie en barre (4) avant que le boîtier de
raccord terminal (1) ne soit rempli avec la résine
d’encapsulation (8).

10. Procédé de fabrication de dispositif à semi-conduc-
teur selon la revendication 9, comprenant en outre:

une étape consistant à séparer le gabarit (24) en
deux parties (24a, 24b) le long d’une ligne de décou-
page qui passe par le trou d’insertion (25) fourni au
centre du gabarit (24) et à faire revenir la partie en
barre déformée dans la position d’origine après la
déformation de la partie en barre (4) et la solidifica-
tion de la résine d’encapsulation (8).

25 26 



EP 2 814 055 B1

15



EP 2 814 055 B1

16



EP 2 814 055 B1

17



EP 2 814 055 B1

18



EP 2 814 055 B1

19



EP 2 814 055 B1

20



EP 2 814 055 B1

21



EP 2 814 055 B1

22



EP 2 814 055 B1

23



EP 2 814 055 B1

24



EP 2 814 055 B1

25



EP 2 814 055 B1

26



EP 2 814 055 B1

27



EP 2 814 055 B1

28



EP 2 814 055 B1

29



EP 2 814 055 B1

30



EP 2 814 055 B1

31



EP 2 814 055 B1

32



EP 2 814 055 B1

33



EP 2 814 055 B1

34

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 2010294155 A1 [0007]
• JP 2004288828 A [0009]
• US 4110549 A [0009]
• US 20090261472 A1 [0009]

• DE 10340297 A1 [0009]
• JP 11243839 A [0010]
• US 6979204 B [0010]
• US 20100284155 A1 [0018]

Non-patent literature cited in the description

• AN2006-08. Infineon, July 2008 [0011]


	bibliography
	description
	claims
	drawings
	cited references

