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(54) Semiconductor device

(57) A semiconductor device is disclosed that com-
prises: an insulation substrate (13), a first metal plate
(14), a semiconductor element (12), a second metal plate
(15) and a heat sink (16) for cooling the semiconductor
element (12). The heat sink (16) includes a case portion
(17), and a plurality of partitioning walls (18) is located in
the case portion (17). The case portion (17) has a surface
that faces the second metal plate (15), which the surface

includes a joint region (S), to which the second metal
plate (15) is joined, and a non-joint region (P), to which
the second metal plate (15) is not joined. The partitioning
walls (18) include first partitioning walls (18A) and second
partitioning walls (18B). Among the first and second par-
titioning walls (18A, 18B), only one or more of the second
partitioning walls (18B) pass through a region in the case
portion (17) that corresponds to the non-joint region (P).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a semiconduc-
tor device in which an insulation substrate and a heat
sink are coupled to each other such that heat can be
conducted therebetween.

BACKGROUND

[0002] Semiconductor devices have been known that
have an insulation substrate made of, for example, alu-
minum nitride, front and back metal plates made of pure
aluminum, a semiconductor element joined to the front
metal plate by, for example, soldering, a heat sink serving
as a heat radiating device joined to the back metal plate.
The metal plates are joined to each of the front and back
surfaces of the insulation substrate. The heat sink is cou-
pled to the back metal plate to be thermally conductive
with the back metal plate. The heat sink radiates heat
generated by the semiconductor element. The above de-
scribed semiconductor devices are required to maintain
heat radiating performance of the heat sink for an ex-
tended period of time. However, depending on the use
conditions, thermal stress is generated by the difference
in coefficient of linear expansion between the insulation
substrate, the metal plates, and the heat sink of the con-
ventional configuration. This can cause joint portions to
crack and warp, lowering the heat radiating performance
of the heat sink.
[0003] To eliminate such a drawback, Japanese Laid-
Open Patent Publication No. 2003-17627 discloses a
semiconductor module having thermal stress relaxation
portions on the back metal plate. The thermal stress re-
laxation portions are formed by steps, grooves, or re-
cesses that have a predetermined depth. The number
and the size of the thermal stress relaxation portions are
determined such that the volume ratio of the back metal
plate to the front metal plate is not more than 0.6.
[0004] Japanese Laid-Open Patent Publication No.
2007-173405 discloses a semiconductor module in
which, on a joint surface of the back metal plate with the
heat sink, a non-joint region formed by holes or grooves
and a joint region where no holes or grooves are formed.
The area of the joint region is set to be 65% to 85% of
the entire joint surface of the back metal plate.
[0005] In the semiconductor module disclosed in Jap-
anese Laid-Open Patent Publication No. 2003-17627,
the steps, grooves, or recesses, which serve as thermal
stress relaxation portions formed on the back metal plate,
relax thermal stress generated in the semiconductor
module when the temperature changes. Thus, in order
to increase the thermal stress relaxing performance, the
steps, grooves, or recesses are preferably as large as
possible. However, increasing the size of the steps,
grooves, or recesses, in turn, reduces the joint area be-
tween the back metal plate and the heat sink. This re-

duces the thermal conductivity of the back metal plate.
Thus, the balance between the thermal conductivity and
the thermal stress relaxing performance needs to taken
into consideration. That is, the larger the steps, grooves,
or the recesses forming thermal stress relaxation por-
tions, the lower the heat radiation efficiency becomes.
Thus, there is a limit to improvement of the stress relax-
ation performance.
[0006] Likewise, according to the semiconductor mod-
ule disclosed in Japanese Laid-Open Patent Publication
No. 2007-173405, the larger the non-joint region, the low-
er the thermal conductivity of the back metal plate of the
semiconductor module becomes. This puts a limit on im-
provement of the stress relaxation performance.
[0007] Particularly, in the case of a semiconductor de-
vice such as a power module, on which a semiconductor
element generating a great amount of heat is mounted,
there is a demand for improving the function to relax the
thermal stress generated in the semiconductor device
without lowering the heat radiation efficiency. Japanese
Laid-Open Patent Publication No. 2004-6717 discloses
a power semiconductor device that includes an insulation
substrate, front and back metal plates (low thermal ex-
pansion coefficient metal plates) joined to each of the
front and back surfaces of the insulation substrate, a pow-
er semiconductor element joined to the front surface of
the front metal plate by, for example, soldering, and a
heat sink coupled to the back metal plate to be thermally
conductive with the back metal plate. The back metal
plate has a linear expansion coefficient that is of the same
order of the linear expansion coefficients of the power
semiconductor element and the insulation substrate. The
heat sink has a plurality of partitioning walls defined by
a plurality of grooves formed in the heat sink. The parti-
tioning walls are arranged in regions that correspond to
the insulation substrate. The distal end of each partition-
ing wall is not fixed. Thus, the rigidity of the heat sink of
the power semiconductor device disclosed in the publi-
cation is lower than that of a heat sink in which the distal
ends of partitioning walls are fixed. Therefore, thermal
stress generated in the heat sink and the insulation sub-
strate is reduced by deformation of the heat sink. How-
ever, since the partitioning walls are arranged only in a
region that corresponds to the insulation substrate
through the low thermal expansion coefficient metal
plates, the rigidity of the heat sink cannot be made suf-
ficiently low. The heat sink therefore cannot sufficiently
reduce thermal stress. Also, Japanese Laid-Open Patent
Publication No. 2004-6717 discloses a structure in which
partition walls with free distal ends are provided below a
region to which the low thermal expansion coefficient
metal plates are not joined. However, since the partition-
ing walls with free distal ends reduce the rigidity of the
heat sink, the rigidity of the heat sink, which has a greater
widthwise length than that of the low thermal expansion
coefficient metal plates, may be lowered below the min-
imum rigidity required for the heat sink.
[0008] Further, Japanese Laid-Open Patent Publica-
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tion No. 5-299549 discloses a heat transfer cooling de-
vice that includes a box and a plurality of partitioning
walls. The partitioning walls define a plurality of flow pas-
sages in the box. The partitioning walls are arranged
along the diagonals of the base of the box, such that the
space between adjacent partitioning walls is reduced to-
ward the diagonals. In the heat transfer cooling device
disclosed in Japanese Laid-Open Patent Publication No.
5-299549, spaces between adjacent partitioning walls
are smaller in a central part of the heat transfer cooling
device, where the temperature easily rises, so that the
number of the partitioning walls is increased in the central
part. Thus, the heat radiation efficiency at the central part
of the cooling device is higher than that in the other parts.
[0009] However, in the heat transfer cooling device of
Japanese Laid-Open Patent Publication No. 5-299549,
since a plurality of partitioning walls are arranged from
one corner of the cooling device toward another corner
at predetermined intervals, the rigidity of the cooling de-
vice is increased. Therefore, when the temperature of
the heat transfer cooling device changes, the device can-
not exert sufficient stress relaxation performance.
[0010] Accordingly, it is an objective of the present in-
vention to provide a semiconductor device that is excel-
lent in heat radiating performance and reliably relaxes
stress. Another objective of the present invention is to
provide a semiconductor device that prevents the rigidity
of a heat sink from being lowered.
[0011] To achieve the foregoing objective and in ac-
cordance with a first aspect of the present invention, a
semiconductor device including an insulation substrate,
a metal wiring layer, a semiconductor element, a heat
sink, and a stress relaxation member is provided. The
insulation substrate has a first surface and a second sur-
face that is opposite to the first surface. The metal wiring
layer is joined to the first surface of the insulation sub-
strate. The semiconductor element is joined to the metal
wiring layer. The heat sink is arranged on the second
surface of the insulation substrate. The stress relaxation
member is made of a material having a high thermal con-
ductivity. The stress relaxation member is located be-
tween the insulation substrate and the heat sink in such
manner as to couple the insulation substrate and the heat
sink such that heat can be conducted therebetween. The
heat sink has a plurality of partitioning walls that extend
in one direction and are arranged at intervals. The stress
relaxation member has a stress absorbing portion that is
formed by a hole. The hole either extends through the
entire thickness of the stress relaxation member or opens
in one of both surfaces in the direction of the thickness.
The hole is formed such that its dimension along the lon-
gitudinal direction of the partitioning walls is greater than
its dimension along the arranging direction of the parti-
tioning walls.
[0012] In accordance with a second aspect of the
present invention, a semiconductor device including an
insulation substrate, a metal wiring layer, a semiconduc-
tor element, a heat sink, and a stress relaxation member

is provided. The insulation substrate has a first surface
and a second surface that is opposite to the first surface.
The metal wiring layer is joined to the first surface of the
insulation substrate. The semiconductor element is
joined to the metal wiring layer. The heat sink is arranged
on the second surface of the insulation substrate. The
stress relaxation member is made of a material having a
high thermal conductivity. The stress relaxation member
is located between the insulation substrate and the heat
sink in such manner as to couple the insulation substrate
and the heat sink such that heat can be conducted ther-
ebetween. The heat sink has a plurality of partitioning
walls that extend in one direction and are arranged at
intervals. The stress relaxation member has a stress ab-
sorbing portion. The stress absorbing portion includes a
plurality of groups of through holes extending through
the entire thickness of the stress relaxation member. The
through holes are arranged along the longitudinal direc-
tion of the partitioning walls. Each of all the through holes
is formed such that its opening dimension along the ar-
ranging direction of the partitioning walls is greater than
its opening dimension along the longitudinal direction of
the partitioning walls. In each of the groups of through
holes, the sum of the opening dimensions of the through
holes along the longitudinal direction of the partitioning
walls is longer than the maximum width of the stress ab-
sorbing portion along the arranging direction of the par-
titioning walls.
[0013] In accordance with a third aspect of the present
invention, a semiconductor device including an insulation
substrate, a first metal plate, a semiconductor element,
a second metal plate, and a heat sink is provided. The
insulation substrate has a first surface and a second sur-
face that is opposite to the first surface. The first metal
plate is joined to the first surface of the insulation sub-
strate. The semiconductor element is joined to the first
metal plate. The second metal plate is joined to the sec-
ond surface of the insulation substrate. The heat sink
cools the semiconductor element, and is coupled to the
second metal plate such that heat can be conducted. The
heat sink includes a case portion and a plurality of parti-
tioning walls located in the case portion. The partitioning
walls define a plurality of cooling medium passages. The
case portion has a surface that faces the second metal
plate, which surface includes a joint region, to which the
second metal plate is joined, and a non-joint region, to
which the second metal plate is not joined. Each parti-
tioning wall includes a first end facing the second metal
plate and a second end opposite to the first end. The
partitioning walls include first partitioning walls and sec-
ond partitioning walls. The first end of each first partition-
ing wall is joined to an inner surface of the case portion.
The second end of each first partitioning wall is not joined
to an inner surface of the case portion. The first and sec-
ond ends of each second partitioning wall are joined to
inner surfaces of the case portion. Among the first and
second partitioning walls, at least one or more of the first
partitioning walls pass through a region in the case por-
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tion that corresponds to the joint region. Among the first
and second partitioning walls, only one or more of the
second partitioning walls pass through a region in the
case portion that corresponds to the non-joint region.
[0014] In accordance with a fourth aspect of the
present invention, a semiconductor device including an
insulation substrate, a first metal plate, a semiconductor
element, a second metal plate, and a heat sink is provid-
ed. The insulation substrate has a first surface and a
second surface that is opposite to the first surface. The
first metal plate is joined to the first surface of the insu-
lation substrate. The semiconductor element is joined to
the first metal plate. The second metal plate is joined to
the second surface of the insulation substrate. The heat
sink cools the semiconductor element, and is coupled to
the second metal plate such that heat can be conducted.
The heat sink includes a case portion and a plurality of
partitioning walls located in the case portion. The parti-
tioning walls define a plurality of cooling medium passag-
es. All the partitioning walls are located in a region in the
case portion that is directly below the semiconductor el-
ement.
[0015] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention, together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

Fig. 1 is a schematic cross-sectional view illustrating
a semiconductor device according to a first embod-
iment of the present invention;
Fig. 2 is a schematic plan view of the semiconductor
device shown in Fig. 1;
Fig. 3A is a schematic partial plan view illustrating a
semiconductor device according to a modification of
the first embodiment;
Fig. 3B is a schematic partial plan view illustrating a
semiconductor device according to a modification of
the first embodiment;
Fig. 3C is a schematic partial plan view illustrating a
semiconductor device according to a modification of
the first embodiment;
Fig. 4 is a schematic cross-sectional view illustrating
a semiconductor device according to a second em-
bodiment of the present invention;
Fig. 5 is a schematic cross-sectional view taken
along line 5-5 in Fig. 4.
Fig. 6 is a schematic cross-sectional view illustrating
a semiconductor device according to a modification
of the second embodiment;

Fig. 7 is a schematic cross-sectional view illustrating
a semiconductor device according to a modification
of the second embodiment;
Fig. 8 is a schematic cross-sectional view illustrating
a semiconductor device according to a third embod-
iment of the present invention;
Fig. 9 is a schematic plan view of the semiconductor
device shown in Fig. 8;
Fig. 10A is a schematic partial cross-sectional view
illustrating partitioning walls of a semiconductor de-
vice according to a modification of the third embod-
iment; and
Fig. 10B is a schematic partial cross-sectional view
illustrating partitioning walls of a semiconductor de-
vice according to a modification of the third embod-
iment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] A first embodiment of the present invention will
now be described with reference to Figs. 1 to 3C. Each
of the Figs. 1 to 3C schematically shows the structure of
a semiconductor device 10A according to the first em-
bodiment. For the illustrative purposes, the dimensions
of some of the elements are exaggerated. That is, the
ratios of the widths, lengths, and thicknesses of some of
the elements of the semiconductor device 10A in the
drawings are not to scale. The semiconductor device 10A
is mounted on a vehicle.
[0018] As shown in Fig. 1, the semiconductor device
10A includes a circuit substrate 11, a semiconductor el-
ement (semiconductor chip) 12 mounted on the circuit
substrate 11, a heat sink 16, and a stress relaxation mem-
ber 20 located between the circuit substrate 11 and the
heat sink 16. The circuit substrate 11 includes a ceramic
substrate 13, which is an insulation substrate, a first metal
plate (a metal circuit board) joined to a front surface 13a
(a first surface) of the ceramic substrate 13, and a second
metal plate 15 joined to a back surface 13b (a second
surface) of the ceramic substrate 13. The first metal plate
14 and the second metal plate 15 are made of, for ex-
ample, aluminum or copper.
[0019] The upper surface of the ceramic substrate 13
as viewed in Fig. 1 is the front surface 13a, on which the
semiconductor element 12 is mounted. Also, the first met-
al plate 14, which serves as a wiring layer, is joined to
the front surface 13a. The semiconductor element 12 is
joined to the first metal plate 14 with solder, which is not
illustrated. The semiconductor element 12 is, for exam-
ple, an IGBT (Insulated Gate Bipolar Transistor), a MOS-
FET, or a diode.
[0020] The second metal plate 15 is joined to the lower
surface of the ceramic substrate 13 as viewed in Fig. 1,
or the back surface 13b. The second metal plate 15 func-
tions as a coupling layer for coupling the ceramic sub-
strate 13 and the heat sink 16 to each other.
[0021] The heat sink 16 is made of metal and functions
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as a forced-cooling cooler that forcibly removes heat gen-
erated in the semiconductor element 12. The cooling ca-
pacity of the heat sink 16 is set such that, when the sem-
iconductor element 12 is steadily generating heat (a nor-
mal state), the heat generated in the semiconductor el-
ement 12 is conducted to the heat sink 16 via the circuit
substrate 11, and as a result, the heat is smoothly re-
moved. The heat sink 16 is formed to be rectangular in
a planar view, such that the longitudinal direction of the
heat sink 16 corresponds to arrow direction X in Fig. 2,
and the transverse direction of the heat sink 16 corre-
sponds to arrow direction Y in Fig. 2. The outer shell of
the heat sink 16 is formed by a hollow flat case portion 17.
[0022] A plurality of partitioning walls 18 are provided
in the case portion 17. The partitioning walls 18 linearly
extend along the transverse direction of the heat sink 16,
that is, along arrow direction Y in Fig. 2. As shown in
Figs. 1 and 2, the partitioning walls 18 are arranged along
the longitudinal direction of the heat sink 16, or in arrow
direction X of Fig. 2, at equal intervals, and extend parallel
with each other. Adjacent pairs of the partitioning walls
18, and the outermost partitioning walls 18 and inner wall
surfaces 17c of the case portion 17 define cooling medi-
um passages 19, through which fluid (for example, cool-
ing water) flows. The stress relaxation member 20 is lo-
cated between the heat sink 16 and the second metal
plate 15 of the circuit substrate 11. The stress relaxation
member 20 couples the circuit substrate 11 and the heat
sink 16 to each other.
[0023] The stress relaxation member 20 is made of a
material having a high thermal conductivity. In this em-
bodiment, the stress relaxation member 20 is made of
aluminum. The stress relaxation member 20 is formed
into a flat plate that is rectangular in a planar view. A first
surface 20a of the stress relaxation member 20 is entirely
brazed to the second metal plate 15, and a second sur-
face 20b is entirely brazed to the heat sink 16. That is,
joint portions made of brazing filler metal are formed be-
tween the stress relaxation member 20 and the second
metal plate 15 and between the stress relaxation member
20 and the heat sink 16. Thus, the circuit substrate 11
and the heat sink 16 are coupled to each other such that
heat can be conducted therebetween via the stress re-
laxation member 20. Heat generated in the semiconduc-
tor element 12 is conducted to the heat sink 16 via the
circuit substrate 11 and the stress relaxation member 20
in this order. Also, the stress relaxation member 20 has
through holes 21, the number of which is twelve in this
embodiment. The through holes 21 function as stress
absorbing portions and extend through the stress relax-
ation member 20 only along the thickness. Each through
hole 21 has an elliptic shape in a planar view.
[0024] The through holes 21 are formed by pressing
(machining) a flat plate that constitutes the stress relax-
ation member 20. As shown in Fig. 2, each through hole
21 is formed such that a dimension T1 along the longi-
tudinal direction of the partitioning walls 18, or along ar-
row direction Y, is greater than a dimension T2 along the

direction in which the partitioning walls 18 are arranged
(arranging direction), or along arrow direction X in Figs.
1 and 2. All the through holes 21 have the same shapes.
Two or more of the through holes 21 are arranged along
the longitudinal direction of the partitioning walls 18, or
along arrow direction Y. The major axis of each through
hole 21 extends parallel with the longitudinal direction of
the partitioning walls 18, and the minor axis of each
through hole 21 extends parallel with the arranging di-
rection of the partitioning walls 18. Therefore, the stress
relaxation member 20 is more easily deformed along the
longitudinal direction of the partitioning walls 18 than
along the arranging direction of the partitioning walls 18.
The through holes 21 are symmetrical with respect to a
reference point P on the stress relaxation member 20,
which reference point P corresponds to the center of the
semiconductor element 12. No through hole 21 is formed
in a part of the stress relaxation member 20 that is directly
below the semiconductor element 12. That is, the through
holes 21 are arranged so as not to overlap the semicon-
ductor element 12 in a planar view. The part of the stress
relaxation member 20 that is directly below the semicon-
ductor element 12 is closest to the semiconductor ele-
ment 12, and serves as a thermally conductive portion
22, which has a better thermal conductivity than the
through holes 21.
[0025] Operation of the semiconductor device 10A will
now be described.
[0026] The semiconductor device 10A of the present
embodiment is mounted on a hybrid vehicle, and the heat
sink 16 is connected to a cooling medium circuit (not
shown) of the vehicle through pipes. The cooling medium
circuit has a pump and a radiator. The radiator has a fan
that is driven by a motor. The radiator thus has a superior
radiation efficiency. The cooling medium is, for example,
water.
[0027] When the semiconductor element 12 mounted
on such a semiconductor device 10A is actuated, the
semiconductor element 12 generates heat. The heat
generated in the semiconductor element 12 is conducted
to the heat sink 16 through the first metal plate 14, the
ceramic substrate 13, the second metal plate 15, the
stress relaxation member 20, and the heat sink 16. The
part of the stress relaxation member 20 that is directly
below the semiconductor element 12 is the thermally con-
ductive portion 22, which has no through hole 21. Thus,
the heat transmitted to the stress relaxation member 20
is smoothly conducted to the heat sink 16.
[0028] As a result, the circuit substrate 11 and the heat
sink 16 are heated to high temperature and thermally
expanded. At this time, if through holes formed in the
stress relaxation member 20 are like a hypothetic hole
R1, which is shown by an alternate long and two short
dashes line in Fig. 2 and formed like a perfect circle, the
stress due to thermal expansion generated along the lon-
gitudinal direction of the partitioning walls 18 in a part
between the heat sink 16 and the ceramic substrate 13
is greater than the stress due to the thermal expansion

7 8 



EP 2 337 069 A2

6

5

10

15

20

25

30

35

40

45

50

55

generated along the arranging direction of the partitioning
walls 18. That is, since the coefficient of linear expansion
of the ceramic substrate 13 and the coefficient of linear
expansion of the metal members (the heat sink 16 and
the first and second metal plates 14, 15) are different,
thermal stress is generated in the semiconductor device
10A. Particularly, a great thermal stress along the longi-
tudinal direction of the partitioning walls 18 is generated
between the heat sink 16 and the ceramic substrate 13.
If the through holes are enlarged like a hypothetical hole
R2 in order to relax the thermal stress along the longitu-
dinal direction of the partitioning walls 18, the joint area
between the stress relaxation member 20 and the heat
sink 16 will be reduced, and the thermal conductivity of
the stress relaxation member 20 will therefore be low-
ered. The shape of the through holes 21 in the present
embodiment is determined taking into consideration the
arranging direction of the partitioning walls 18 of the heat
sink 16. Since the stress relaxation member 20 of the
present embodiment is more easily deformed in the lon-
gitudinal direction of the partitioning walls 18 than in the
arranging direction of the partitioning walls 18, the stress
relaxation member 20 thus more effectively relaxes the
thermal stress in the longitudinal direction of the parti-
tioning walls 18 than the thermal stress in the arranging
direction. As a result, the thermal stress along the longi-
tudinal direction of the partitioning walls 18 is equalized
with the thermal stress along the arranging direction.
Therefore, the through holes do not need to be enlarged
more than necessary. This prevents the thermal conduc-
tivity of the stress relaxation member 20 from being low-
ered. Further, when the temperature of the semiconduc-
tor device 10A is raised, it is possible to inhibit the joint
portions between the ceramic substrate 13 and the sec-
ond metal plate 15 from cracking, and the joint surface
of the heat sink 16 that faces the circuit substrate 11 from
warping.
[0029] When the semiconductor element 12 stops
generating heat, the temperature of the ceramic sub-
strate 13 and the heat sink 16 is lowered, and the ceramic
substrate 13 and heat sink 16 are thermally shrunk. At
this time, since the stress relaxation member 20 is more
easily deformed in the longitudinal direction of the parti-
tioning walls 18 than in the arranging direction of the par-
titioning walls 18, the thermal stress between the heat
sink 16 and the second metal plate 15 is relaxed by a
greater degree along the longitudinal direction of the par-
titioning walls 18 than along the arranging direction of
the partitioning walls 18. Therefore, when the tempera-
ture of the semiconductor device 10A is lowered, it is
possible to inhibit the joint portions between the ceramic
substrate 13 and the second metal plate 15 from crack-
ing, and the joint surface of the heat sink 16 that faces
the circuit substrate 11 from warping.
[0030] Also, when the heat generated in the semicon-
ductor element 12 is conducted to the heat sink 16, heat
exchange takes place between the cooling medium flow-
ing through the cooling medium passages 19, and the

case portion 17 and the partitioning walls 18, so that the
heat is removed by the cooling medium. That is, since
the heat sink 16 is forcibly cooled by the cooling medium
flowing through the cooling medium passages 19, the
temperature gradient of the conduction path of heat from
the semiconductor element 12 to the heat sink 16 is in-
creased. This allows the heat generated in the semicon-
ductor element 12 to be efficiently removed through the
circuit substrate 11.
[0031] The present embodiment has the following ad-
vantages.

(1) The stress relaxation member 20 has a plurality
of through holes 21. The dimension T1 of each
through hole 21 along the longitudinal direction of
the partitioning walls 18 is greater than the dimension
T2 of the through hole 21 along the arranging direc-
tion of the partitioning walls 18. Therefore, the stress
relaxation member 20 is more easily deformed in the
longitudinal direction of the partitioning walls 18 than
in the arranging direction of the partitioning walls 18.
As a result, the thermal stress along the longitudinal
direction of the partitioning walls 18 is equalized with
the thermal stress along the arranging direction.
(2) The dimension T2 of each through holes 21 along
the arranging direction of the partitioning walls 18 is
shorter than the dimension T1 along the longitudinal
direction of the partitioning walls 18. Thus, compared
to the case where the hypothetical hole R1 is en-
larged to the hypothetical hole R2 in order to improve
the stress relaxation performance of the stress re-
laxation member 20, the joint area between the heat
sink 16 and the stress relaxation member 20 is in-
hibited from being reduced. Therefore, the heat gen-
erated in the semiconductor element 12 is smoothly
conducted through the stress relaxation member 20
and reaches the heat sink 16. This prevents the ther-
mal conductivity of the stress relaxation member 20
from being lowered.
(3) The second metal plate 15 is joined to the back
surface 13b of the ceramic substrate. The stress re-
laxation member 20, which is a separate component
from the circuit substrate 11, is provided between
the heat sink 16 and the second metal plate 15 of
the circuit substrate 11. Therefore, the stress relax-
ation member 20 is manufactured independently
from the semiconductor element 12 and the ceramic
substrate 13. The through holes 21 of the stress re-
laxation member 20 are easily formed by, for exam-
ple, machining such as pressing a plate member.
Therefore, when forming the through holes 21, the
influence on the semiconductor element 12 and the
ceramic substrate 13 does not need to be taken into
consideration.
(4) A part of the stress relaxation member 20 that is
directly below the semiconductor element 12 serves
as the thermally conductive portion 22, through
which the heat generated in the semiconductor ele-

9 10 



EP 2 337 069 A2

7

5

10

15

20

25

30

35

40

45

50

55

ment 12 passes, and the thermally conductive por-
tion 22 has no through holes 21. That is, a part of
the stress relaxation member 20 to which the heat
generated in the semiconductor element 12 reaches
first is formed as the thermally conductive portion 22
having no through holes 21. Therefore, the heat gen-
erated in the semiconductor element 12 is smoothly
conducted through the stress relaxation member 20
and reaches the heat sink 16.
(5) The through holes 21 extend along the thickness
of the stress relaxation member 20. Therefore, com-
pared to a case where a stress relaxation member
is manufactured by forming a plurality of bottomed
holes in a plate member made of a material having
a high thermal conductivity, the stress relaxation
member 20 is formed to be more easily deformed.

[0032] The first embodiment is not limited to the above
described configuration, but may be embodied as fol-
lows, for example.
[0033] The major axis of the through holes 21 do not
need to be parallel with the longitudinal direction of the
partitioning walls 18. It is sufficient if the dimension T1
along the longitudinal direction of the partitioning walls
18 is longer than the dimension T2 along the arranging
direction of the partitioning walls 18. For example, elliptic
through holes may be formed that has a major axis in-
tersecting the longitudinal direction of the longitudinal di-
rection of the partitioning walls 18.
[0034] The number of the through holes 21 is not lim-
ited to that according to the first embodiment. When a
large sized stress relaxation member 20 is used, the
number of through holes 21 may be increased.
[0035] The shape of the through holes 21 may be
changed. The size of the through holes 21 may be re-
duced or increased as long as the dimension T1 along
the longitudinal direction of the partitioning walls 18 is
longer than the dimension T2 along the arranging direc-
tion of the partitioning walls 18. Therefore, for example,
through holes 21 may be formed in which the dimension
T2 along the arranging direction of the partitioning walls
18 is longer than the diameter of the hypothetical hole R1.
[0036] The shape of the through holes 21 is not limited
to that according to the first embodiment. For example,
as shown in Fig. 3A, through holes 30 that have a rec-
tangular shape in a planar view may be formed. A dimen-
sion T3 of each through hole 30 along the longitudinal
direction of the partitioning walls 18 is longer than a di-
mension T4 along the arranging direction of the partition-
ing walls 18. Also, as shown in Fig. 3B, through holes 31
may be formed by connecting each set of the through
holes 30 shown in Fig. 3A along the longitudinal direction
of the partitioning walls 18. In this case, a part of the
stress relaxation member 20 that is directly below the
semiconductor element 12 needs to be formed as a ther-
mally conductive portion 22, where no through hole 31
exists.
[0037] Each stress absorbing portion may be a group

of holes, in which holes extend through the thickness of
the stress relaxation member 20 and are arranged along
the longitudinal direction of the partitioning walls 18. For
example, as shown in Fig. 3C, each through hole 21 of
the stress relaxation member 20 may be replaced by a
group of holes 40. Each group of holes 40 includes a
plurality of holes 41 (three in Fig. 3C). Each through hole
41 is rectangular such that its opening dimension t1 along
the longitudinal direction of the partitioning walls 18 is
shorter than its dimension t2 along the arranging direction
of the partitioning walls 18. The through holes 41 forming
each group of holes 40 are arranged along the longitu-
dinal direction of the partitioning walls 18. Each group of
holes 40 is formed such that the sum of the dimensions
t1 along the longitudinal direction of the partitioning walls
18 is greater than the dimension t2 of each through hole
41 (the dimension of the stress absorbing portion) along
the arranging direction of the partitioning walls 18. Also,
the distance H1 between adjacent groups of holes 40
along the longitudinal direction of the partitioning walls
18 is greater than the distance H2 between adjacent
holes 41 in each group of hole 40 along the longitudinal
direction of the partitioning walls 18. Since the stress re-
laxation member 20 having a plurality of the groups of
holes 40 is easily deformed in the longitudinal direction
of the partitioning walls 18, the stress relaxation member
20 effectively relaxes the thermal stress along the longi-
tudinal direction of the partitioning walls 18, which im-
proves the stress relaxation performance. Further, since
each stress absorbing portion is formed by a group of
holes 40, which includes through holes 41 extending
through the thickness of the stress relaxation member
20, the stress relaxation member 20 is more easily and
effectively deformed than a stress absorbing portion
formed by bottomed holes. Also, as long as the maximum
value of the length (dimension) of each group of holes
40 along the arranging direction of the partitioning walls
18 is less than the sum the dimensions t1 along the lon-
gitudinal direction of the partitioning walls 18, the through
holes 41 in each group of holes 40 may be arranged
along the longitudinal direction of the partitioning walls
18 while being slightly displaced in the arranging direction
of the partitioning walls 18.
[0038] The positions of the through holes 21 on the
stress relaxation member 20 are not limited to those ac-
cording to the first embodiment. For example, the through
holes 21 may be arranged zigzag.
[0039] The through holes 21 as stress absorbing por-
tions may be replaced by bottomed holes, each having
an opening only on one of the surfaces of the stress re-
laxation member 20 in the direction of thickness. The
length (opening dimension) of each bottomed hole along
the longitudinal direction of the partitioning walls 18 may
be set arbitrarily as long as it is longer than the length
(opening dimension) along the arranging direction of the
partitioning walls 18. The bottomed holes may open, for
example, in the second surface 20b of the stress relax-
ation member 20. When bottomed holes are formed in
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the stress relaxation member 20 instead of through holes
21, the depth of the bottomed holes is not particularly
limited as long as the stress relaxation member 20 suf-
ficiently relaxes thermal stress generated in the semicon-
ductor device 10A.
[0040] The second metal plate 15 may also function
as the stress relaxation member 20. For example, the
stress relaxation member 20 may be omitted, and a plu-
rality of holes may be formed in a surface of the second
metal plate 15 that faces the heat sink 16. The dimension
of each hole along the longitudinal direction of the parti-
tioning walls 18 is longer than the dimension along the
arranging direction of the partitioning walls 18. According
to this configuration, the second metal plate 15 functions
as a stress relaxation member that relaxes thermal stress
generated in the semiconductor device 10A when the
temperature of the semiconductor device 10A changes.
Also, since the second metal plate 15 can be greatly de-
formed in the longitudinal direction of the partitioning
walls 18 compared to a conventional stress relaxation
member having a stress absorbing portions formed by
perfect-circle shaped holes in a planar view, the second
metal plate 15 has an improved stress relaxation per-
formance.
[0041] The direction in which the partitioning walls 18
extend is not limited to that in the first embodiment. As
long as the partitioning walls 18 extend in a single direc-
tion, the extending direction is not particularly limited. For
example, the partitioning walls 18 may extend in a direc-
tion intersecting the transverse direction of the heat sink
16.
[0042] The partitioning walls 18 may be continuous
along the arranging direction. For example, corrugated
fins may be used in which a plurality of partitioning walls
18 are continuously formed in the arranging direction of
the partitioning walls 18. In corrugated fins, the upper
ends or the lower ends of each adjacent pair of the par-
titioning walls 18 are continuous.
[0043] The structure of the heat sink 16 is not limited
to that described in the first embodiment. For example,
the case portion 17 may be replaced by a plate-like heat
sink base. The heat sink base has a first surface opposite
to the semiconductor element 12, and a second surface
opposite to the first surface. The heat sink base has a
plurality of partitioning walls 18 on the first surface, and
the stress relaxation member 20 is joined to the second
surface.
[0044] A second embodiment of the present invention
will now be described with reference to Figs. 4 to 7. The
differences from the first embodiment will mainly be dis-
cussed below. Each of the Figs. 4 to 7 schematically
shows the structure of a semiconductor device 10B ac-
cording to the second embodiment. For the illustrative
purposes, the dimensions of some of the elements are
exaggerated. That is, the ratios of the widths, lengths,
and thicknesses of some of the elements of the semicon-
ductor device 10B in the drawings are not to scale. The
semiconductor device 10B is mounted on a vehicle.

[0045] In a heat sink 16 of the present embodiment, a
front surface 17a of a case portion 17 includes a joint
region S, to which a second metal plate 15 is joined by
brazing filler metal (not shown), and a non-joint region P
encompassing the joint region S. The second metal plate
15 is not joined to the non-joint region P. The case portion
17 has a back surface 17b on the opposite side to the
front surface 17a. Linearly extending straight first parti-
tioning walls 18A and second partitioning walls 18B are
formed in the case portion 17 of the present embodiment.
[0046] The first partitioning walls 18A and the second
partitioning walls 18B are arranged at equal intervals
along the longitudinal direction of the heat sink 16, or
along arrow direction X in Fig. 4, and are parallel with
each other. Adjacent pairs of the first and second parti-
tioning walls 18A and 18B, and the outermost second
partitioning walls 18B and inner wall surfaces 17c of the
case portion 17 define cooling medium passages 19,
through which cooling medium flows. The cooling medi-
um passages 19 are formed to have the same cross-
sectional flow area.
[0047] The first partitioning walls 18A are located in a
region in the case portion 17 that is directly below the
joint region S in the lamination direction (arrow direction
Z in Fig. 5), and in a region in the case portion 17 that
corresponds to the non-joint region P (hereinafter, a first
non-joint region P1), which extends from the joint region
S along the extending direction of the partitioning walls
18A, 18B (arrow direction Y in Fig. 5). Each first parti-
tioning wall 18A has an upper end 18Aa, which is a first
end, at a side closer to the semiconductor element 12.
Each upper end 18Aa is joined to an upper inner surface
17d of the case portion 17. As shown in Figs. 4 and 5,
each first partitioning wall 18A has a lower end 18Ab,
which is a second end, at a side opposite to the first end.
The lower end 18Ab of each first partitioning wall 18A
contacts but is not joined to the lower inner surface 17e
of the case portion 17 over the extending direction of the
first partitioning walls 18A, that is, over arrow direction Y
in Fig. 5. That is, only the first partitioning walls 18A exist
in a region in the case portion 17 that is directly below
the joint region S. The upper end 18Aa of each first par-
titioning wall 18A and the upper inner surface 17d of the
case portion 17 are joined by brazing filler metal (not
shown). Contrastingly, no brazing filler metal exists be-
tween the lower end 18Ab of each first partitioning wall
18A and the lower inner surface 17e of the case portion
17. That is, the lower end 20b and the lower inner surface
17e are not joined to each other.
[0048] Also, as shown Fig. 4, all the second partitioning
walls 18B are located in a region in the case portion 17
that corresponds to a second non-joint region P2, which
is a region other than the regions S, P1. The upper end
18Ba of each second partitioning wall 18B and the upper
inner surface 17d of the case portion 17 are joined by
brazing filler metal (not shown). Also, the lower end 18Bb
of each second partitioning wall 18B and the lower inner
surface 17e of the case portion 17 are joined by brazing
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filler metal (not shown). The cooling medium passages
19, which are defined by the first partitioning walls 18A
and the second partitioning walls 18B, connect an inlet
and outlet (neither is shown) provided in the case portion
17. The inlet and outlet are formed to be connectable
with a cooling medium circuit installed in the vehicle. For
the illustrative purpose, the circuit substrate 11 and the
semiconductor element 12 exemplify multiple circuit sub-
strates 11 and semiconductor elements 12 mounted on
the heat sink 16.
[0049] Operation of the semiconductor device 10B will
now be described.
[0050] The semiconductor device 10B is mounted on
a hybrid vehicle, and the heat sink 16 is connected to a
cooling medium circuit (not shown) of the vehicle through
pipes. The cooling medium circuit has a pump and a ra-
diator. The radiator has a fan that is driven by a motor.
The radiator thus has a superior radiation efficiency. The
cooling medium is, for example, water.
[0051] When the semiconductor element 12 mounted
on the semiconductor device 10B is actuated, heat is
generated from the semiconductor element 12. The heat
generated in the semiconductor element 12 is conducted
to the heat sink 16 through the first metal plate 14, the
ceramic substrate 13, the second metal plate 15, and the
heat sink 16. When the heat is conducted from the sem-
iconductor element 12 to the heat sink 16, the circuit sub-
strate 11 and the heat sink 16 are heated to high tem-
perature and thermally expanded. At this time, since the
coefficient of linear expansion of the ceramic substrate
13 and the coefficient of linear expansion of the metal
members (the heat sink 16 and the first and second metal
plates 14, 15) are different, the amount of expansion is
different between the heat sink 16, and the first and sec-
ond metal plates 14, 15. However, the heat sink 16 is
deformed to relax the thermal stress generated in the
semiconductor device 10B. Further, since the rigidity of
the portion of the heat sink 16 of the present embodiment
that corresponds to the joint region S is particularly low,
the portion that corresponds to the joint region S is par-
ticularly easily deformed. As a result, the heat sink 16
sufficiently relaxes the thermal stress generated in the
semiconductor device 10B. Therefore, when the temper-
ature of the ceramic substrate 13 and heat sink 16 in-
creases, it is possible to inhibit the joint portions between
the ceramic substrate 13 and the second metal plate 15
from cracking, and the joint surface of the heat sink 16
that faces the circuit substrate 11 from warping.
[0052] When the semiconductor element 12 stops
generating heat, the temperature of the ceramic sub-
strate 13 and the heat sink 16 is lowered, and the ceramic
substrate 13 and heat sink 16 are thermally shrunk. At
this time, being easily deformed, the heat sink 16 relaxes
the thermal stress generated in the semiconductor device
10B. Therefore, when the temperature of the ceramic
substrate 13 and heat sink 16 lowers, it is possible to
inhibit the joint portions between the ceramic substrate
13 and the second metal plate 15 from cracking, and the

joint surface of the heat sink 16 that faces the circuit sub-
strate 11 from warping.
[0053] Also, when the heat generated in the semicon-
ductor element 12 is conducted to the heat sink 16, heat
exchange takes place between the cooling medium flow-
ing through the cooling medium passages 19 and the
case portion 17, and between the cooling medium and
the first and second partitioning walls 18A, 18B, so that
the heat is removed by the cooling medium. That is, since
the heat sink 16 is forcibly cooled by the cooling medium
flowing through the cooling medium passages 19, the
temperature gradient of the conduction path of heat from
the semiconductor element 12 to the heat sink 16 is in-
creased. This allows the heat generated in the semicon-
ductor element 12 to be efficiently removed through the
circuit substrate 11.
[0054] The first partitioning walls 20 hardly contribute
to improve the rigidity of the heat sink 16. If partition walls
having the same structure as the first partitioning walls
18A are arranged in a region in the case portion 17 that
corresponds to the second non-joint region P2, the rigid-
ity of the heat sink 16 will be lower than a predetermined
acceptable value, and therefore, the shape of the case
portion 17 cannot be maintained. However, according to
the present embodiment, the upper end 18Ba and the
lower end 18Bb of each of the partitioning walls 18B in
a region of the case portion 17 that corresponds to the
second non-joint region P2 are joined to the inner sur-
faces 17d, 17e of the case portion 17. Since the second
partitioning walls 18B have a function to inhibit deforma-
tion of the case portion 17, the rigidity of the heat sink 16
is inhibited from being excessively lowered. The rigidity
of the heat sink 16 is therefore maintained to an appro-
priate level. As a result, although the rigidity of the heat
sink 16 is lowered as much as possible in the allowable
range so that the heat sink 16 exerts a sufficient thermal
stress relaxation performance, the rigidity is not exces-
sively lowered to a detrimental level.
[0055] The present embodiment has the following ad-
vantages.

(1) The first partitioning walls 18A, which serve as
partitioning walls, are located in a region in the case
portion 17 that corresponds to the joint region S. The
second partitioning walls 18B are located in a region
in the case portion 17 that corresponds to the second
non-joint region P2 in the non-joint region P. There-
fore, compared to a heat sink in which partitioning
walls are located only in the joint region S and the
first non-joint region P1, that is, compared to a heat
sink in which no partitioning walls are located in the
second non-joint region P2, the heat sink 16 has a
lower rigidity. As a result, the thermal stress gener-
ated in the semiconductor device 10B is relaxed.
(2) The upper end 18Ba and the lower end 18Bb of
each of the second partitioning walls 18B, which are
only provided in a region in the case portion 17 that
corresponds to the second non-joint region P2, are
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both joined to the inner surface of the case portion
17. Therefore, the rigidity of the heat sink 16 is not
excessively lowered.
(3) The upper end 18Aa of each first partitioning wall
18A is joined to the upper inner surface 17d of the
case portion 17, whereas the lower end 20b of each
first partitioning wall 18A is not joined to the lower
inner surface 17e of the case portion 17. Therefore,
a portion of the heat sink 16 that corresponds to the
joint region S and the first non-joint region P1 has a
lower rigidity than a portion that corresponds to the
second non-joint region P2. As a result, since a part
of the joint region S of the heat sink 16 that is close
to the ceramic substrate 13 is more easily deformed
than the second non-joint region P2, thermal stress
due to the difference in the coefficient linear expan-
sion between the ceramic substrate 13 and the heat
sink 16 is effectively relaxed.
(4) A partitioning wall that passes through a region
in the case portion 17 that corresponds to the second
non-joint region P2 is only the second partitioning
walls 18B. Therefore, the rigidity of the heat sink 16
is effectively prevented from being excessively low-
ered.
(5) All the partition walls that pass through the joint
region S and the first non-joint region P1 are the first
partitioning walls 18A. Therefore, compared to a
case where, for example, second partitioning walls
18B is provided in the joint region S in addition to
first partitioning walls 18A, the rigidity of the heat sink
16 is further lowered.
(6) The lower end 20b of each first partitioning walls
18A directly contacts the lower inner surface of the
case portion 17. Therefore, the heat transmitted to
the first partitioning walls 18A can be transmitted
from the lower ends 20b to the case portion 17. This
allows the heat to be smoothly transmitted to the
entire heat sink 16.

[0056] The second embodiment is not limited to the
above described configuration, but may be embodied as
follows, for example.
[0057] It is sufficient if only a part of the lower end 20b
of each first partitioning wall 18A that is directly below
the joint region S is not joined to the lower inner surface
17e of the case portion 17. For example, it may be con-
figured that, in each first partitioning wall 18A, only the
lower end 20b, which is directly below the joint region S,
is not joined to the lower inner surface 17e of the case
portion 17, and that the lower end 20b that is directly
below first non-joint region P1 contacts the lower inner
surface 17e of the case portion 17.
[0058] The partitioning walls that pass through a region
in the case portion 17 that corresponds to the joint region
S and the first non-joint region P1 do not need to be only
the first partitioning walls 18A. For example, as shown in
Fig. 6, first partitioning walls 50, of which the lower ends
20b are not joined to the lower inner surface 17e of the

case portion 17, and second partitioning walls 51, of
which the lower ends 20b are joined to the lower inner
surface 17e of the case portion 17, may be provided in
a mixed state in a region in the case portion 17 that cor-
responds to joint region S. In this case, the first partition-
ing walls 50 and the second partitioning walls 51 may be
arranged alternately at predetermined intervals.
[0059] The extending direction of the first partitioning
walls 18A is not limited to that described in the second
embodiment. For example, the first partitioning walls 18A
may be parallel with the longitudinal direction of the heat
sink 16, that is, parallel with arrow direction X in Fig. 4.
Also, the extending direction of the second partitioning
walls 18B may be parallel with the longitudinal direction
of the heat sink 16.
[0060] The first partitioning walls 18A may be contin-
uous along the arranging direction. Also, the second par-
titioning walls 18B may be continuous along the arrang-
ing direction. The first partitioning walls 18A and the sec-
ond partitioning walls 18B may be continuous along the
arranging direction. Therefore, for example, corrugated
fins may be used to form first fins, which serve as the
first partitioning walls 18A, and second fins, which serve
as the second partitioning walls 18B. The corrugated fins
connected such that the upper end of each first fin is
continuous with the upper end of an adjacent first fin, and
that the lower end of each first fin is continuous with the
lower end of an adjacent first fin. Likewise, the upper end
of each second fin is continuous with the upper end of
an adjacent second fin, and the lower end of each second
fin is continuous with the lower end of an adjacent second
fin.
[0061] As shown in Fig. 7, the stress relaxation mem-
ber 20 of the first embodiment may be located between
the second metal plate 15 and the heat sink 16.
[0062] In the heat sink 16, the joint portions between
the case portion 17 and the first and second partitioning
walls 18A, 18B, 50, 51 are brazed. However, the heat
sink 16 may be formed by extrusion molding.
[0063] The lower ends 20b, 50b of the first partitioning
walls 18A, 50 do not need to contact the inner surface
17e. However, in view of better thermal conductivity, the
lower ends 20b, 50b of the first partitioning walls 18A, 50
preferably contact the inner surface 17e.
[0064] A third embodiment of the present invention will
now be described with reference to Figs. 8 to 10B. The
differences from the first embodiment will mainly be dis-
cussed below. Each of the Figs. 8 to 10B schematically
shows the structure of a semiconductor device 10C ac-
cording to the third embodiment. For the illustrative pur-
poses, the dimensions of some of the elements are ex-
aggerated. That is, the ratios of the widths, lengths, and
thicknesses of some of the elements of the semiconduc-
tor device 10C in the drawings are not to scale. The sem-
iconductor device 10C is mounted on a vehicle.
[0065] As shown in Figs. 8 and 9, partitioning walls 18
of the present embodiment are formed to pass through
regions directly below a plurality of semiconductor ele-
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ments 12. The semiconductor elements 12 include sem-
iconductor elements 12A that are located on the left side
as viewed in Fig. 9 and linearly arranged in the vertical
direction as viewed in Fig. 9. The partitioning walls 18
include three first partitioning walls 18A located in a re-
gion directly below the semiconductor elements 12 A.
Likewise, semiconductor elements 12B are located on
the right side as viewed in Fig. 9 and linearly arranged
in the vertical direction as viewed in Fig. 9. The partition-
ing walls 18 include three second partitioning walls 18B
located in a region directly below the semiconductor el-
ements 12B. The first partitioning walls 18A and the sec-
ond partitioning walls 18B are arranged at equal intervals.
In the present embodiment, a region "directly below the
semiconductor elements 12" refers to a region that over-
laps the semiconductor elements 12 when viewed from
above. Therefore, it does not include regions that are
lower than the semiconductor element 12 but outside the
edges of the semiconductor elements 12.
[0066] Portion of each partitioning wall 18 that are di-
rectly below the corresponding semiconductor elements
12 are referred to as corresponding portions Q. Each
corresponding portion Q receives the heat generated in
the corresponding semiconductor element 12 in a con-
centrated manner. All the regions that are directly below
the semiconductor elements 12 have corresponding por-
tions Q. Cooling medium passages 19, which are defined
by the partitioning walls 18, connect an inlet and outlet
(neither is shown) provided in the case portion 17. The
inlet and outlet are formed to be connectable with a cool-
ing medium circuit installed in the vehicle.
[0067] Operation of the semiconductor device 10C will
now be described.
[0068] The semiconductor device 10C is mounted on
a hybrid vehicle, and the heat sink 16 is connected to a
cooling medium circuit (not shown) of the vehicle through
pipes. The cooling medium circuit has a pump and a ra-
diator. The radiator radiates the heat of the cooling me-
dium. The cooling medium is, for example, water.
[0069] When the semiconductor element 12 mounted
on the semiconductor device 10C is actuated, heat is
generated from the semiconductor element 12. The heat
generated in the semiconductor element 12 is conducted
to the heat sink 16 through the first metal plate 14, the
ceramic substrate 13, the second metal plate 15, and the
heat sink 16 as shown by arrows A in Fig 8. When the
heat is conducted from the semiconductor elements 12
to the heat sink 16, the circuit substrates 11 and the heat
sink 16 are heated to high temperature and thermally
expanded. At this time, since the coefficient of linear ex-
pansion of the ceramic substrate 13 and the coefficient
of linear expansion of the metal members (the heat sink
16 and the first and second metal plates 14, 15) are dif-
ferent, the amount of expansion of the ceramic substrate
13 is different from that of the heat sink 16 and the first
and second metal plates 14, 15. This generates thermal
stress in the semiconductor device 10C. Since the heat
sink 16 has no partitioning walls other than the partition-

ing walls 18, which pass through the region directly below
the semiconductor elements 12, the number of partition-
ing walls that restrict deformation of the case portion 17
is small. Accordingly, the ratio of the volume of the par-
titioning walls 18 is small in the case portion 17. There-
fore, compared to a heat sink that has, in addition to the
partitioning walls 18, partitioning walls that have the same
structure as the partitioning walls 18 and are located in
regions other than regions directly below the semicon-
ductor elements 12, the heat sink 16 is more easily de-
formed so that the thermal stress generated in the sem-
iconductor device 10C is effectively relaxed. As a result,
when the temperature of the circuit substrates 11 and
heat sink 16 increases, it is possible to inhibit the joint
portions between the ceramic substrates 13 and the sec-
ond metal plates 15 from cracking, and the joint surface
of the heat sink 16 that faces the circuit substrates 11
from warping.
[0070] When the heat generated in the semiconductor
elements 12 is transmitted to the heat sink 16, the heat
is first transmitted in a concentrated manner to parts of
the case portion 17 that are directly below the semicon-
ductor elements 12 and the corresponding parts Q of the
partitioning walls 18. The heat is thereafter transmitted
to the entire heat sink 16. In each of the regions directly
below the semiconductor elements 12, the partitioning
walls 18 allow effective heat exchange to take place with
the cooling medium, so that the heat transmitted to the
case portion 17 and the partitioning walls 18 are smoothly
removed. That is, since the heat sink 16 is forcibly cooled
by the cooling medium flowing through the cooling me-
dium passages 19, the temperature gradient of the con-
duction path of heat from the semiconductor element 12
to the heat sink 16 is increased. This allows the heat
generated in the semiconductor element 12 to be effi-
ciently removed through the circuit substrate 11.
[0071] When the semiconductor element 12 stops
generating heat, the temperature of the circuit board 11
and the heat sink 16 is lowered, and the circuit board 11
and the heat sink 13 are thermally shrunk. At this time,
being easily deformed, the heat sink 16 relaxes the ther-
mal stress generated in the semiconductor device 10C.
Therefore, when the temperature of the circuit substrates
11 and heat sink 16 lowers, it is possible to inhibit the
joint portions between the ceramic substrates 13 and the
second metal plates 15 from cracking, and the joint sur-
face of the heat sink 16 that faces the circuit substrates
11 from warping.
[0072] The present embodiment has the following ad-
vantages.

(1) In the case portion 17, the partitioning walls 18
are each located to pass through a region directly
below one of the semiconductor elements 12, and
no partition wall is provided in regions other than
regions directly below the semiconductor elements
12. Therefore, the number of partitioning walls that
restrict deformation of the case portion 17 is reduced,
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so that the ratio of the volume of the partitioning walls
18 in the case portion 17 is reduced. This lowers the
rigidity of the heat sink 16, so that the stress relax-
ation performance of the heat sink 16 is improved.
(2) The partitioning walls 18 exist in each region di-
rectly below the semiconductor elements 12. There-
fore, heat is effectively radiated from the region di-
rectly below each semiconductor element 12.
(3) The partitioning walls 18 are arranged to pass
through the regions directly below the linearly ar-
ranged semiconductor elements 12. Therefore,
compared to a case where a single partitioning wall
is provided to correspond to each semiconductor el-
ement 12 so as to pass through a region directly
below the semiconductor element 12, the number of
the partitioning walls 18 in the heat sink 16 is re-
duced. This simplifies the structure of the heat sink
16.

[0073] The third embodiment is not limited to the above
described configuration, but may be embodied as fol-
lows, for example.
[0074] The number of the partitioning walls 18 in the
case portion 17 may be changed. As long as all the par-
titioning walls 18 are each arranged to pass through one
of the region directly below the first semiconductor ele-
ments 12A and the region directly below the second sem-
iconductor elements 12B, the number of the partitioning
walls 18 may be increased or decreased. However, when
increasing the number of the partitioning walls 18, the
number of the partitioning walls 18 needs to set within a
range that allows the heat sink 16 to sufficiently exert its
stress relaxation performance.
[0075] The partitioning walls 18 may be integrated. For
example, the three partitioning walls 18 on the left side
in Fig. 8 may be formed by corrugated fins located in a
region directly below the first semiconductor elements
12A. Likewise, the three partitioning walls 18 on the right
side in Fig. 8 may be formed by corrugated partitioning
plates located in a region directly below the first semi-
conductor elements 12B.
[0076] The shape of the partitioning walls 18 is not lim-
ited to that according to the third embodiment. Instead
of linearly extending partitioning walls, zigzag partitioning
walls 60 shown in Fig. 10A may be provided. This struc-
ture disturbs the flow of cooling medium flowing between
the partitioning walls 60. Thus, compared to the case of
linearly extending partitioning walls, the cooling perform-
ance is improved.
[0077] In place of the continuously extending partition-
ing walls 18, discontinuous partitioning walls 18 having
wall segments may be provided. For example, each dis-
continuous partitioning wall 18 has a gap of a predeter-
mined length in a region outside the region directly below
the semiconductor element 12 and has wall segments
that continues after the gap.
[0078] It may be configured such that a single parti-
tioning wall 18 passes through a region directly below a

single semiconductor element 12. For example, a plural-
ity of semiconductor elements 12 may be arranged in a
line, and partitioning walls 18 extending in one direction
may be provided such that each partitioning wall 18 cor-
responds to one of the semiconductor elements 12. In
this case, each partitioning wall 18 separately passes
through a region directly below one of the semiconductor
elements 12. Alternatively, as shown in Figs. 10B, a plu-
rality of fins 70 (partitioning walls), which are cross-
shaped in a planar view, may be provided to correspond
to each semiconductor element 12, such that fins located
in a region directly below each semiconductor element
12 are independent from each other. Compared to a case
where partitioning walls 18 that continuously extend in
one direction, cooling medium is more greatly disturbed,
so that the cooling performance is improved. Also, the
cooling performance is not easily influenced by the flow
of cooing medium.
[0079] The number of the semiconductor elements 12
on the circuit substrate 11 is not particularly limited. Two
or more semiconductor elements 12 may be mounted on
a single circuit substrate 11.
[0080] A stress relaxation member as described in the
first embodiment may be located between each second
metal plate 15 and the heat sink 16.
[0081] The above described embodiments may be
modified as follows.
[0082] The material for forming the heat sink 16 may
be any metal that has a coefficient of linear expansion
different from that of the ceramic substrate 13. For ex-
ample, the heat sink 16 may be made of aluminum or
copper. Aluminum refers to pure aluminum and alumi-
num alloys.
[0083] The material for forming the ceramic substrate
13 is not particularly limited. The ceramic substrate 13
may be formed, for example, of aluminum nitride, alumi-
na, or silicon nitride.
[0084] In the illustrated embodiments, water flows
through the heat sink 16. However, liquid other than wa-
ter, such as alcohol, may flow through the heat sink 16.
The cooling medium that flows through the heat sink 16
is not limited to liquid, but may be gas such as air.
[0085] The semiconductor devices 10A, 10B, 10C do
not need to be installed on vehicles but may be applied
to other uses.
[0086] This application is a divisional application of Eu-
ropean patent application no. 09 164 413.8 (the "parent
application"), also published under no. EP-A-2 141 740.
The original claims of the parent application are repeated
below in the present specification and form part of the
content of this divisional application as filed.

1. A semiconductor device comprising:

an insulation substrate (13) having a first surface
(13a) and a second surface (13b) that is oppo-
site to the first surface (13a);
a metal wiring layer (14) joined to the first surface
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(13a) of the insulation substrate (12);
a semiconductor element (12) joined to the met-
al wiring layer (14);
a heat sink (16) arranged on the second surface
(13b) of the insulation substrate (13); and
a stress relaxation member (20) made of a ma-
terial having a high thermal conductivity, the
stress relaxation member (20) being located be-
tween the insulation substrate (13) and the heat
sink (16) in such manner as to couple the insu-
lation substrate (13) and the heat sink (16) such
that heat can be conducted therebetween, the
semiconductor device being characterized in
that the heat sink (16) has a plurality of partition-
ing walls (18) that extend in one direction and
are arranged at intervals,
wherein the stress relaxation member (20) has
a stress absorbing portion that is formed by a
hole (21, 30, 41), the hole (21, 30, 41) either
extending through the entire thickness of the
stress relaxation member (20) or opening in one
of both surfaces in the direction of the thickness,
and
wherein the hole (21, 30, 41) is formed such that
its dimension along the longitudinal direction
(T1) of the partitioning walls (18) is greater than
its dimension along the arranging direction (T2)
of the partitioning walls (18).

2. The semiconductor device according to claim 1,
wherein a metal plate (15) is joined to the second
surface (13b), and
wherein the stress relaxation member (20) is formed
separately from the metal plate (15).

3. The semiconductor device according to claim 1 or
2, wherein a portion of the stress relaxation member
(20) that corresponds to the semiconductor element
(12) does not have the stress absorbing portion, so
as to function as a thermally conductive portion (22),
to which heat generated in the semiconductor ele-
ment (12) can be conducted.

4. A semiconductor device comprising:

an insulation substrate (13) having a first surface
(13a) and a second surface (13b) that is oppo-
site to the first surface (13a);
a metal wiring layer (14) joined to the first surface
(13a) of the insulation substrate (13);
a semiconductor element (12) joined to the met-
al wiring layer (14);
a heat sink (16) arranged on the second surface
(13b) of the insulation substrate (13); and
a stress relaxation member (20) made of a ma-
terial having a high thermal conductivity, the
stress relaxation member (20) being located be-
tween the insulation substrate (13) and the heat

sink (16) in such manner as to couple the insu-
lation substrate (13) and the heat sink (16) such
that heat can be conducted therebetween, the
semiconductor device (10A) being character-
ized in that the heat sink (16) has a plurality of
partitioning walls (18) that extend in one direc-
tion and are arranged at intervals,
wherein the stress relaxation member (20) has
a stress absorbing portion, the stress absorbing
portion including a plurality of groups of through
holes (41) extending through the entire thick-
ness of the stress relaxation member (20), the
through holes (41) being arranged along the lon-
gitudinal direction of the partitioning walls (18),
wherein each of all the through holes (41) is
formed such that its opening dimension along
the arranging direction (t2) of the partitioning
walls (18) is greater than its opening dimension
along the longitudinal direction (t1) of the parti-
tioning walls (18), and
wherein, in each of the groups (40) of through
holes (41), the sum of the opening dimensions
of the through holes (41) along the longitudinal
direction (t1) of the partitioning walls (18) is long-
er than the maximum width of the stress absorb-
ing portion along the arranging direction of the
partitioning walls (18).

5. A semiconductor device comprising:

an insulation substrate (13) having a first surface
(13a) and a second surface (13b) that is oppo-
site to the first surface (13a);
a first metal plate (14) joined to the first surface
(13a) of the insulation substrate (13);
a semiconductor element (12) joined to the first
metal plate (14);
a second metal plate (15) joined to the second
surface (13b) of the insulation substrate (14);
and
a heat sink (16) for cooling the semiconductor
element (12), the heat sink (16) being coupled
to the second metal plate (15) such that heat
can be conducted, the semiconductor device
(10B) being characterized in that the heat sink
(16) includes a case portion (17) and a plurality
of partitioning walls (18) located in the case por-
tion (17), the partitioning walls (18) defining a
plurality of cooling medium passages (19),
wherein the case portion (17) has a surface that
faces the second metal plate (15), which the sur-
face includes a joint region (S), to which the sec-
ond metal plate (15) is joined, and a non-joint
region (P), to which the second metal plate (15)
is not joined,
wherein each partitioning wall (18) includes a
first end (18Aa) facing the second metal plate
(15) and a second end (18Ab) opposite to the
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first end (18Aa), wherein the partitioning walls
(18) include first partitioning walls (18A) and sec-
ond partitioning walls (18B), the first end (18Aa)
of each first partitioning wall (18Aa) being joined
to an inner surface (17d) of the case portion (17),
the second end (18Ab) of each first partitioning
wall (18A) not being joined to an inner surface
(17e) of the case portion (17), and the first and
second ends (18Ba, 18Bb) of each second par-
titioning wall (18B) being joined to inner surfaces
(17e) of the case portion (17),
wherein, among the first and second partitioning
walls (18A, 18B), at least one or more of the first
partitioning walls (18A) pass through a region in
the case portion (17) that corresponds to the
joint region (S), and
wherein, among the first and second partitioning
walls (18A, 18B), only one or more of the second
partitioning walls (18B) pass through a region in
the case portion (17) that corresponds to the
non-joint region (P).

6. The semiconductor device according to claim 5,
wherein all the partitioning walls (18) that pass
through a region in the case portion (17) that corre-
sponds to the joint region (S) are the first partitioning
walls (18A).

7. The semiconductor device according to claim 5 or
6, wherein the second end (18Ab) of each first par-
titioning wall (18A) contacts the inner surface (17e)
of the case portion (17).

8. The semiconductor device according to any one
of claims 5 to 7, wherein a stress relaxation member
(20) made of a material having a high thermal con-
ductivity is located between the second metal plate
(15) and the heat sink (16).

9. A semiconductor device comprising:

an insulation substrate (13) having a first surface
(13a) and a second surface (13b) that is oppo-
site to the first surface (13a);
a first metal plate (14) joined to the first surface
(13a) of the insulation substrate (13);
a semiconductor element (12) joined to the first
metal plate (14);
a second metal plate (15) joined to the second
surface (13b) of the insulation substrate (13);
and
a heat sink (16) for cooling the semiconductor
element (12), the heat sink (16) being coupled
to the second metal plate (15) such that heat
can be conducted, the semiconductor device
(10C) being characterized in that the heat sink
(16) includes a case portion (17) and a plurality
of partitioning walls (18, 60, 70) located in the

case portion (17), the partitioning walls (18, 60,
70) defining a plurality of cooling medium pas-
sages (19),
wherein all the partitioning walls (18, 60, 70) are
located in a region in the case portion (17) that
is directly below the semiconductor element
(12).

10. The semiconductor device according to claim 9,
wherein the semiconductor element (12) is one of a
plurality of semiconductor elements (12) mounted
on the heat sink (16),
wherein the partitioning walls (18, 60, 70) extend
continuously in a region directly below the semicon-
ductor elements (12), and
wherein at least one of the partitioning walls (18, 60,
70) exist directly below each semiconductor element
(12).

11. The semiconductor device according to claim 9
or 10, wherein the partitioning walls (60) extend zig-
zag.

Claims

1. A semiconductor device comprising:

an insulation substrate (13) having a first surface
(13a) and a second surface (13b) that is oppo-
site to the first surface (13a);
a first metal plate (14) joined to the first surface
(13a) of the insulation substrate (13);
a semiconductor element (12) joined to the first
metal plate (14);
a second metal plate (15) joined to the second
surface (13b) of the insulation substrate (14);
and
a heat sink (16) for cooling the semiconductor
element (12), the heat sink (16) being coupled
to the second metal plate (15) such that heat
can be conducted, wherein the heat sink (16)
includes a case portion (17) and a plurality of
partitioning walls (18) located in the case portion
(17), the partitioning walls (18) defining a plural-
ity of cooling medium passages (19),
wherein the case portion (17) has a surface that
faces the second metal plate (15), which the sur-
face includes a joint region (S), to which the sec-
ond metal plate (15) is joined, and a non-joint
region (P), to which the second metal plate (15)
is not joined,
wherein each partitioning wall (18) includes a
first end (18Aa) facing the second metal plate
(15) and a second end (18Ab) opposite to the
first end (18Aa),
wherein the partitioning walls (18) include first
partitioning walls (18A) and second partitioning
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walls (18B), the first end (18Aa) of each first par-
titioning wall (18Aa) being joined to an inner sur-
face (17d) of the case portion (17), the second
end (18Ab) of each first partitioning wall (18A)
not being joined to an inner surface (17e) of the
case portion (17), and the first and second ends
(18Ba, 18Bb) of each second partitioning wall
(18B) being joined to inner surfaces (17e) of the
case portion (17),
wherein, among the first and second partitioning
walls (18A, 18B), at least one or more of the first
partitioning walls (18A) pass through a region in
the case portion (17) that corresponds to the
joint region (S), and
wherein, among the first and second partitioning
walls (18A, 18B), only one or more of the second
partitioning walls (18B) pass through a region in
the case portion (17) that corresponds to the
non-joint region (P).

2. The semiconductor device according to claim 1,
wherein all the partitioning walls (18) that pass
through a region in the case portion (17) that corre-
sponds to the joint region (S) are the first partitioning
walls (18A).

3. The semiconductor device according to claim 1 or
2, wherein the second end (18Ab) of each first par-
titioning wall (18A) contacts the inner surface (17e)
of the case portion (17).

4. The semiconductor device according to any one of
claims 1 to 3, wherein a stress relaxation member
(20) made of a material having a high thermal con-
ductivity is located between the second metal plate
(15) and the heat sink (16).
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