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FIG.16
| (ELEMENT EXAMPLE) THCKNESS) | |OF SoND)
5 (SEMICONDUCTOR DEVICE)  |t, ¢
4 (SOLDER LAYER) t, c,
3 (METAL BLOCK) t, ¢,
2 (INSULATING SHEET) t, c,
1 (METAL PLATE PORTION) t, c,
0 (WATER) t, ¢
FIG.17

i (ELEMENT EXAMPLE)

t (m : ELEMENT

¢, (m/s : VELOCITY

THICKNESS) OF SOUND)
5 (SEMICONDUCTOR DEVICE) - -
4 (SOLDER LAYER) 0.15mm 2500
3 (METAL BLOCK) 3.00mm 4700
2 (INSULATING SHEET) 0.20mm 4000
1 (METAL PLATE PORTION) t 6420

0 (WATER)
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SEMICONDUCTOR MODULE
TECHNICAL FIELD
[0001] The present invention is related to a semiconductor

module, etc., which includes a molded portion of a resin.

BACKGROUND ART

[0002] Conventionally, a power semiconductor module is
known which includes: a circuit board comprising a metal
base plate, a high thermal conduction insulation layer, and a
wiring pattern; a semiconductor device for power joined to an
element mount section of the wiring pattern; a cylindrical
external terminal connection body that is installed in the
wiring pattern electrically connected to the semiconductor
device for power and to which an external terminal is inserted
and connected; athrough hole that is formed on the metal base
plate and fixes a cooling fin mounted to a surface at the other
side of the metal base plate to the metal base plate by a mount
member; and a transfer mold resin body sealed to cover one
side and a side face of the metal base plate, and the semicon-
ductor device for power while a surface at the other side of the
metal base plate and an upper portion of the cylindrical exter-
nal terminal connection body are exposed, and an insertion
hole section of the mount member communicating with the
through hole and having a diameter larger than that of the
through hole is formed.

[0003] [Patent Document 1] Japanese Patent
DISCLOSURE OF INVENTION
Problem To Be Solved By Invention
[0004] With respect to the semiconductor module which

includes a molded portion of a resin, it may be necessary to
inspect a status of an inside of the molded portion with ultra-
sonic test equipment, etc.

[0005] Therefore, an object of the present invention is to
provide a semiconductor module, etc., which has a configu-
ration in which a status of an inside of'a molded portion can be
easily inspected with ultrasonic test equipment, etc.

Means to Solve the Problem

[0006] According to an aspect of the present invention a
semiconductor module is provided, which includes

[0007]

[0008] a metal plate portion that includes a first surface on
a side of the semiconductor device and has a fastening portion
at an end thereof;

[0009] a molded portion that is formed by molding a resin
on the semiconductor device and the metal plate portion,

[0010] a cooling plate portion that is a separate member
from the metal plate portion, is provided on a side opposite to
the first surface on the side of the semiconductor device, and
includes fins on a side opposite to the side of the metal plate
portion;

[0011] wherein the fastening portion of the metal plate
portion is exposed out of the molded portion, and the cooling
plate portion includes a fastening portion at a position that
corresponds to a position of the fastening portion of the metal
plate portion.

a semiconductor device;
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Advantage of the Invention

[0012] According to the present invention, a semiconductor
module, etc., can be obtained which has a configuration in
which a status of an inside of a molded portion can be easily
inspected with ultrasonic test equipment, etc.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a perspective view from above for illus-
trating an appearance of a semiconductor module 1 according
to one embodiment (a first embodiment) of the present inven-
tion.

[0014] FIG. 2 is a perspective view of an example of main
parts of the semiconductor module 1 in FIG. 1 which are
exploded for the sake of convenience;

[0015] FIG. 3 is a cross-sectional view of the semiconduc-
tor module 1 in FIG. 1 along the respective lines;

[0016] FIG. 4 is a cross-sectional view of the semiconduc-
tor module 1 in a status in which a cooling plate portion 57 is
attached.

[0017] FIG. 5 is a diagram for illustrating preferred
examples of an adhering manner between extended side por-
tions 62 of a resin molded portion 60 and a side surface 5056 of
a metal plate portion.

[0018] FIG. 6 is a cross-sectional view of an example of an
installed status of the semiconductor module 1.

[0019] FIG. 7 is a diagram for illustrating a main cross-
section of a semiconductor module 2 according to another
embodiment (a second embodiment) of the present invention.
[0020] FIG. 8 is a cross-sectional view of an example of an
installed status of two semiconductor modules 2.

[0021] FIG.9is aplane view for illustrating a lower surface
side of a semiconductor module 3 according to yet another
embodiment (a third embodiment) of the present invention.
[0022] FIG.101is aplane view for illustrating an example of
an installed status of two semiconductor module 3 viewed
from a lower surface side of the semiconductor module 3.
[0023] FIG. 11 is a diagram for illustrating a main cross-
section of a semiconductor module 4 according to another
embodiment (a fourth embodiment) of the present invention.
[0024] FIG. 12 is a projection view of the semiconductor
module 4 viewed from the lower side.

[0025] FIG. 13 is across-sectional view of an example of an
installed status of two semiconductor module 2 which can be
similarly applied to the respective embodiments.

[0026] FIG. 14 is a diagram for schematically illustrating a
relationship between a thickness of the metal plate portion 50
and a degree of ease (accuracy) of an ultrasonic inspection.
[0027] FIG. 15 is a diagram for explaining a way of deriv-
ing an appropriate range of a thickness t1 of the metal plate
portion 50.

[0028] FIG. 16 is a table for illustrating a definition of
variables used in the way of deriving the appropriate range of
a thickness t1 of the metal plate portion 50.

[0029] FIG. 17 is a table for illustrating a condition used to
calculate the appropriate range of a thickness t1 of the metal
plate portion 50.

[0030] FIG. 18is a graph for illustrating a calculation result
of the appropriate range of a thickness t1 of the metal plate
portion 50.

[0031] FIG. 19 is a diagram for schematically illustrating
an example of a hybrid system 600 including the semicon-
ductor module 1, 2, etc., according to the respective embodi-
ments.
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DESCRIPTION OF REFERENCE SYMBOLS

[0032] 1,2,3,4 semiconductor module
[0033] 10 semiconductor device
[0034] 20 wiring member
[0035] 204 terminal portion
[0036] 22 wiring member
[0037] 224 terminal portion
[0038] 30 metal block
[0039] 40 insulating sheet
[0040] 50,501, 502 metal plate portion
[0041] 504 lower surface (of metal plate portion)
[0042] 506 side surface (of metal plate portion)
[0043] 50c upper surface (of metal plate portion)
[0044] 51 thin portion
[0045] 52,521, 522 fastening portion of metal plate portion
[0046] 53 mounting hole of fastening portion of metal plate
portion
[0047] 57,573 cooling plate portion
[0048] 57a, 573a fin
[0049] 575 seal portion
[0050] 58 fastening portion of cooling plate portion
[0051] 59 mounting hole of fastening portion of cooling
plate portion
[0052] 60 resin molded portion
[0053] 62 extended side portion
[0054] 66 rib portion
[0055] 70 grease
[0056] 80 solder layer
[0057] 82 solder layer
[0058] 100 channel forming member
[0059] 102 cooling media channel
[0060] 110 bolt
[0061] 120 sealing member
[0062] 600 hybrid system
[0063] 602 battery
[0064] 610 inverter
[0065] 612 IPM
[0066] 616 DC-DC booster transformer
[0067] 620, 622 motor generator
BEST MODE FOR CARRYING OUT THE
INVENTION
[0068] In the following, the best mode for carrying out the

present invention will be described in detail by referring to the
accompanying drawings.

[0069] FIG.1 is a perspective view illustrating an example
of'an appearance of the semiconductor module 1 according to
an embodiment (a first embodiment) of the present invention,
where (A) is a perspective view from an upper side and (B) is
aperspective view from a lower side. Itis noted that the up and
down directions are different depending on the installed sta-
tus; however, hereinafter a metal plate portion side of the
semiconductor module 1 is assumed to be a lower side for the
sake of convenience. Further, as terminology, “center side” is
used with reference to a center O of the semiconductor mod-
ule 1 (see FIG. 1 (A)). It is noted that the center O may be
rough and does not have a nature which is determined pre-
cisely. FIG. 2 is a perspective view of an example of main
parts of the semiconductor module 1 in FIG. 1 which are
exploded for the sake of convenience.

[0070] In the illustrated example, the semiconductor mod-
ule 1 is a part of an inverter for driving a motor used in a hybrid
vehicle or an electric vehicle.
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[0071] FIG. 3 is a cross-sectional view of the semiconduc-
tor module 1 in FIG. 1 along the respective lines, where (A) is
across-sectional view along line A-A, (B) is a cross-sectional
view along line B-B, (C) is a cross-sectional view along line
C-C and (D) is a cross-sectional view along line D-D. It is
noted in FIGS. 1 through 3 a status in which a cooling plate
portion 57 is not attached is illustrated for the sake of conve-
nience.

[0072] FIG. 4 is a cross-sectional view of the semiconduc-
tor module 1 in a status in which a cooling plate portion 57 is
attached, when the semiconductor module 1 is cutalong a line
A-A inFIG. 3. The semiconductor module 1 includes as main
components, semiconductor devices 10, wiring members 20,
22, metal blocks 30, an insulating sheet 40, a metal plate
portion 50, a cooling plate portion 57(see FIG. 4) and a resin
molded portion 60.

[0073] The semiconductor devices 10 include a power
semiconductor device. For example, the semiconductor
devices 10 may include a switching device such as an IGBT
(Insulated Gate Bipolar Transistor) and a MOSFET (metal
oxide semiconductor field-effect transistor). It is noted that in
the illustrated example, the semiconductor module 1 is a part
of the inverter, and the semiconductor devices 10 may be
IGBTs and diodes which define respective upper arms and
lower arms of a U-phase, a V-phase and a W-phase arranged
in parallel between a positive side line and a negative side
line.

[0074] The wiring members 20, 22 are constructed by
forming a metal plate (a lead frame substrate). In the illus-
trated example, the wiring members 20 are wiring members
used for a power supply line (i.e., leads for a power supply
line). Further, the wiring members 22 are pin-shaped wiring
members used for a signal transmission (i.e., leads for a signal
transmission). The wiring members 20 may be connected to
the corresponding terminals semiconductor devices 10 by
soldering, etc. In the illustrated example, the wiring members
20 are connected to the corresponding terminals of the semi-
conductor devices 10 via solder layers 80. Further, the wiring
members 22 may be connected to the corresponding semi-
conductor devices 10 by wire bonding (aluminum wires), etc.
For example, with respect to IGBTs, some of the wiring
members 20 are connected to collectors of the IGBTs via the
metal blocks 30. Further, some of the wiring members 20 are
connected to emitters of the IGBTs. Further, some of the
wiring members 22 are connected to gates of the IGBTs.
[0075] The metal blocks 30 have a heat sink function of
absorbing heat, such as transient heat, and spreading it. The
metal blocks 30 may be formed of any material other than a
metal material as long as they have a heat sink function;
however, preferably the metal blocks 30 are formed of'a metal
material which has good thermal diffusivity, such as copper.
On upper surfaces of the metal blocks 30 are disposed the
semiconductor devices 10 by soldering, etc. In the illustrated
example, the semiconductor devices 10 are installed on the
upper surfaces of the metal blocks 30 viasolder layers 82. The
metal blocks 30 mainly absorb the heat generated in the
semiconductor devices 10 during the operations of the semi-
conductor devices 10 and diffuse the heat toward the insides
thereof.

[0076] Theinsulatingsheet 40 is formed of aresin sheet, for
example. The insulating sheet 40 enables high thermal con-
ductivity from the metal blocks 30 to the metal plate portion
50 while ensuring electrical insulation between the metal
blocks 30 and the metal plate portion 50. The insulating sheet
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40 has an outer shape which is larger than a lower surface of
the metal blocks, as illustrated in FIG. 3, etc.

[0077] It is noted that, preferably, the insulating sheet 40
bonds to the metal blocks 30 and the metal plate portion 50
directly without using solder, metal films or the like. With this
arrangement, it is possible to reduce thermal resistance and
simplify a process in comparison with the case of using the
solder. Further, the surface treatment on the metal plate por-
tion 50 suited for soldering becomes unnecessary. For
example, the insulating sheet 40 is made of the same resin
material (epoxy resin, for example) as the resin molded por-
tion 60 described hereinafter, and bonds to the metal blocks
30 and the metal plate portion 50 under a pressure and at a
temperature at the time of molding the resin molded portion
60 described hereinafter.

[0078] The metal plate portion 50 and the cooling plate
portion 57 have substantially the same outline, and are
stacked in the vertical direction, as illustrated in FIG. 4. It is
noted that the cooling plate portion 57 may not be attached to
the metal plate portion 50 before the installation stage of the
semiconductor modulel, or may be pre-assembled using
bolts 110, etc., as illustrated in FIG. 4.

[0079] The metal plate portion 50 includes fastening por-
tions 52 on the opposite sides thereofin a direction (Y direc-
tion in FIG. 1, in this example). The respective fastening
portions 52 provide bolt seating surfaces in which mounting
holes 53 through which bolts are tighten are formed.

[0080] The metal plate portion 50 may be fastened to a
channel forming member (a water channel, a housing, etc.)
which defines a cooling medium channel through which the
cooling medium is circulated (see FIG. 6).

[0081] The fastening portions 52 of the metal plate portion
50 are formed in areas at the ends of the metal plate portion
50, which areas project in the Y direction with respect to their
neighboring areas, as illustrated in FIG. 1, etc. Specifically, in
the example illustrated in FIG. 1, the fastening portions 52 are
formed at two locations on each end, and the two fastening
portions 52 on each end are formed in areas, which areas are
located on the opposite sides in an X direction and project in
a’Y direction with respect to a middle area therebetween. It is
noted that the fastening portions 52 of the metal plate portion
50 are integrally formed with the metal plate portion 50 by
pressing, for example;

[0082] however, the fastening portions 52 may be formed
separately and fixed to the metal plate portion 50 by welding
or the like.

[0083] The cooling plate portion 57 is a plate member
whose outline is substantially the same as that of the metal
plate portion 50. The cooling plate portion 57 is formed of a
material which has good thermal diffusivity. For example, the
cooling plate portion 57 may be formed of a metal such as
aluminum. The cooling plate portion 57 has fins 574 on a
lower surface thereof. The number of the fins 574 and an
arrangement manner of the fins 57a are arbitrary unless oth-
erwise specified (see configurations illustrated in FIG. 11,
etc.). Further, a configuration of fins 57a, such as a shape,
height, etc., is arbitrary. The fins 57a may be straight fins or
pin-shaped fins arranged in a staggered arrangement or the
like. In an installed status of the semiconductor module 1 the
fins 57a come into contact with a cooling medium such as
cooling water or cooling air. In this way, the heat generated in
the semiconductor devices 10 during the operations of the
semiconductor devices 10 is transferred to the cooling
medium from the fins 57a of the metal plate portion 50 via the
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metal blocks 30, the insulating sheet 40 the metal plate por-
tion 50 and the cooling plate portion 57.

[0084] Itisnoted that the fins 574 may be integrally formed
with the cooling plate portion 57 (aluminum die-casting, for
example) or may be integrated with the cooling plate portion
57 by welding or the like.

[0085] The cooling plate portion 57 includes fastening por-
tions 58 at positions corresponding to positions of the fasten-
ing portions 52 of the metal plate portion 50. The fastening
portions 58 includes mounting holes 59 through which bolts
are tighten at positions corresponding to the positions of the
mounting holes 53 of the metal plate portion 50. The cooling
plate portion 57 is fastened to a channel forming member (see
FIG. 6) together with the metal plate portion 50.

[0086] Preferably, grease 70 is applied between the metal
plate portion 50 and the cooling plate portion 57. The grease
70 may have high thermal conductivity. With this arrange-
ment, even if a clearance between the metal plate portion 50
and the cooling plate portion 57 is increased due to bowing or
the like, heat can be dissipated via the grease 70.

[0087] Here, according to the present embodiment, as
described above, since the metal plate portion 50 and the
cooling plate portion 57 are separate members, the cooling
plate portion 57 can be easily removed from the semiconduc-
tor module 1. Thus, the semiconductor module 1 can be
subject to various inspections with a status in which the
cooling plate portion 57 is removed, which facilitates the
inspections. For example, a status of the inside (an inspection
of whether there are exfoliations between the respective lay-
ers or an inspection of whether there are voids in the layers
etc.) of the molded portion 60 can be easily inspected with
ultrasonic test equipment (SAT: Scanning Acoustic Tomog-
raphy). Specifically, when the inside of the semiconductor
module 1 (the inside of the resin molded portion 60, etc.) is
inspected with ultrasonic test equipment, ultrasonic waves
need to be radiated from the side of the lower surface of the
semiconductor module 1; however, if there are fins 57a on the
lower surface of the semiconductor module 1, ultrasonic
waves may reflect at the fins 574, and thus precise inspection
results cannot be obtained. In contrast, according to the semi-
conductor module 1 of the present embodiment, it is possible
to perform the ultrasonic inspection of the semiconductor
module 1 with high accuracy by removing the cooling plate
portion 50 with the fins 57a or before the cooling plate portion
50 is installed. It is noted that the concrete inspection target
may include the presence or absence of exfoliation between
the semiconductor devices 10 and the solder layers 82, the
presence or absence of voids inside the solder layers 82, the
presence or absence of exfoliation between the solder layers
82 and the metal blocks 30, the presence or absence of exfo-
liation between the metal blocks 30 and the insulating sheet
40, the presence or absence of exfoliation between the insu-
lating sheet 40 and the cooling plate portion 50, etc.

[0088] The resin molded portion 60 is formed by molding a
resin on the semiconductor devices 10, the wiring members
20, 22, the metal blocks 30, the insulating sheet 40 and the
metal plate portion 50, as illustrated in FIG. 3, etc. Specifi-
cally, the resin molded portion 60 is a portion for sealing
therein the main components (the semiconductor devices 10,
the wiring members 20, 22, the metal blocks 30 and the
insulating sheet 40) with respect to the upper surface of the
metal plate portion 50. It is noted that the resin used may be
epoxy resin, for example. However, with respect to the wiring
members 20 and 22, the terminal portions 20a, 22a for con-
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necting to peripheral devices are exposed out of the resin
molded portion 60. Further, the fastening portions 52 of the
metal plate portion 50 are exposed out of the resin molded
portion 60. Specifically, in the metal plate portion 50 the
fastening portions 52 are set outwardly (in the Y direction)
with respect to an area adhered to the resin molded portion 60.
It is noted that the terminal portions 20a, 224 of the wiring
members 20, may be changed to their final shapes by lead
cutting and forming after the resin molded portion 60 is
molded.

[0089] Here, according to the embodiment, as illustrated in
FIG. 1, FIG. 3 (A), (C), etc., the terminal portions 20a, 22a of
the wiring members 20, 22 are exposed out of the resin
molded portion 60 to extend in the X direction while the
fastening portions 52 of the metal plate portion 50 are
exposed out of the resin molded portion 60 to extend in the Y
direction. Specifically, the terminal portions 20a, 22a of the
wiring members 20, 22 and the fastening portions 52 of the
metal plate portion 50 are exposed out of the resin molded
portion 60 in the perpendicular directions. In other word, the
terminal portions 20a, 22a of the wiring members 20, 22 are
exposed out of the resin molded portion 60 at the opposite
sides of the semiconductor module 1 in the X direction while
the fastening portions 52 of the metal plate portion 50 are
exposed out of the resin molded portion 60 at the opposite
sides of the semiconductor module 1 in the Y direction.
[0090] According to the configuration, since the terminal
portions 20q, 22a of the wiring members 20, 22 don’t extend
above the fastening portions 52 (the mounting holes 53, in
particular) of the metal plate portion 50 viewed in a vertical
direction, it is possible to bolt the fastening portions 52 of the
metal plate portion 50 to the channel forming member 100
described hereinafter (see FIG. 6) directly above the fastening
portions 52. Therefore, workability of bolting is improved
and useless space can be eliminated.

[0091] The resin molded portion 60 preferably includes, in
its side portion region from which the terminal portions 20q,
22a of the wiring members 20, are exposed, rib portions 66
which project outwardly with respect to their neighboring
side portion region, as illustrated in contrast in (C) and (D) in
FIG. 3. The rib portions 66 extend in a vertical direction with
respect to the wiring members 20, 22 near the portions from
which the wiring members 20, 22 are exposed. In other words,
the rib portions 66 are provided such that they cover root
portions of the terminal portions 20qa, 224 of the wiring mem-
bers 20, 22 (i.e., root portions with respect to the resin molded
portion 60). The rib portions 66 are provided only for the side
portion region from which the terminal portions 20a, 22a of
the wiring members 20, 22 are exposed. Thus, as illustrated in
(B) in FIG. 1, concave portions are formed between the rib
portions 66 in the side portion of the resin molded portion 60,
and thus the side portion of the resin molded portion 60 have
projections and depressions as a whole. With this arrange-
ment, a creepage distance between the neighboring terminal
portions 20qa, 224 of the wiring members 20, 22 in the Y
direction can be increased in the side portion of the resin
molded portion 60.

[0092] Further, preferably, the rib portions 66 are provided
not only for the exposed portions of the wiring members 20,
22 in a vertical direction but are provided over a long distance
in a height direction of the side portion of the resin molded
portion 60, as illustrated in (C) in FIG. 3. With this arrange-
ment, the strength and rigidity in the end of the resin molded
portion 60 can be increased. For example, with respect to the
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lower side, the rib portions 66 may extend to the upper surface
50c of the metal plate portion 50, or may extend to a plane
which is coplanar with the lower surface 50a of the metal
plate portion 50, as illustrated in (C) in FIG. 3. Further, with
respect to the upper side, the rib portions 66 may extend
beyond the terminal portions 20a, 22a of the wiring members
20, 22. For example, the rib portions 66 may extend to such a
height that they form an upper surface of the resin molded
portion 60, as illustrated in (C) in FIG. 3.

[0093] Theresinmoldedportion 60 substantially adheres to
the substantially overall wiring members 20, 22 (except for
the exposed portions of the terminal portions 20a, 22a and
surface portions coupled to the semiconductor devices 10);
upper surfaces (except for mounting portions for the wiring
members 20, 22) and side surfaces of the semiconductor
devices 10; an upper surface (except for mounting portions
for the semiconductor devices 10, etc.) and a side surface of
the metal block 30; an upper surface (except for mounting
portions for the metal block 30) and a side surface of the
insulating sheet 40; and an upper surface of the metal plate
portion 50, as illustrated in (C) in FIG. 3.

[0094] Further, the resin molded portion 60 preferably
includes extended side portions 62 which extend such that
they are coplanar with the lower surface 50a of the metal plate
portion 50 to adhere to the side surface 505 of the metal plate
portion 50, as illustrated in (C) in FIG. 3. With this arrange-
ment, adhesion of the resin molded portion 60 to the side
surface 504 of the metal plate portion 50 in addition to the
upper surface 50¢ of the metal plate portion 50 is imple-
mented, which efficiently increases adhesion between the
resin molded portion 60 and the metal plate portion 50. Fur-
ther, it is possible to prevent the resin molded portion 60 from
being peeled off from the metal plate portion 50 due to curling
of the resin molded portion 60, etc. Further, it is possible to
omit a surface treatment (roughening, primer coating) in the
portions of the metal plate portion 50 to which the resin
molded portion 60 is adhered. However, such a surface treat-
ment may be performed if necessary.

[0095] Itis noted that with respect to the up-down direction,
the extended side portions 62 may extend, from above the side
surface 505 of the metal plate portion 50, to the plane which
is coplanar with the lower surface 50a of the metal plate
portion 50. In the example illustrated in (B) in FIG. 3, the
extended side portions 62 are provided over the overall side
portion of the resin molded portion 60 in a vertical direction,
as is the case with the rib portions 66. It is noted that, in the
illustrated example, with respect to regions where the rib
portions 66 are provided, the extended side portions 62 are
integral with the rib portions 66 and are defined inside of the
rib portions 66 (i.e., on aside opposed to the center of the resin
molded portion 60), as illustrated in (D) in FIG. 3.

[0096] Preferably, the extended side portions 62 are pro-
vided over a large area of the side surface 506 of the metal
plate portion 50 so as to increase adhesion. For example, in
the illustrated example, in the ends of the metal plate portion
50 in the Y direction, the extended side portions 62 are pro-
vided over the overall side surface 505 of the metal plate
portion 50 except for the locations of the fastening portions
52. In other words, in the opposite ends of the metal plate
portion 50 inthe Y direction, the extended side portions 62 are
provided on the side surface 505 of the metal plate portion 50
between two fastening portions 52 in the X direction. Further,
in the opposite ends of the metal plate portion 50 in the X
direction, the extended side portions 62 are provided on the
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side surface 505 of the metal plate portion 50 along the length
of'the metal plate portion 50 in the'Y direction. Further, in the
opposite ends of the metal plate portion 50 in the X direction,
the extended side portions 62 are provided over the overall
side surface 504 of the metal plate portion 50. With respect to
this arrangement, since the extended side portions 62 are
provided over the substantially overall side surface 505 of the
metal plate portion 50 except for the locations of the fastening
portions 52 of the metal plate portion 50, it is possible to
effectively increase adhesion between the metal plate portion
50 and the resin molded portion 60.

[0097] FIG. 5 is a diagram for illustrating preferred
examples of an adhering manner between the extended side
portions 62 of the resin molded portion 60 and the side surface
505 of the metal plate portion 50. It is noted that hatching for
the resin molded portion 60 is different from that in other
drawings for visibility. It is noted that FIG. 5 shows a cross-
sectional view corresponding to (B) in FIG. 3.

[0098] Thin portions 51 may be formed in the lower surface
50¢ of the metal plate portion 50 so as to further increase
adhesion between the side surface 505 of the metal plate
portion 50 and the extended side portions 62 of the resin
molded portion 60, as illustrated in FIG. 5. The thin portions
51 are formed on the side opposed to the side surface 505 in
the lower surface 50c¢ of the metal plate portion 50. In other
words, the thin portions 51 are formed by thinning the lower
surface 50c¢ of the metal plate portion 50 at the ends of the
metal plate portion 50. The extended side portions of the resin
molded portion 60 cover the lower surface 50c¢ of the metal
plate portion 50 at the thin portions 51 thereof. Regions of the
extended side portions 62, which cover the lower surface 50¢
of the metal plate portion 50 at the thin portions 51, have
thickness set such that they are substantially coplanar with the
lower surface 50¢ of the metal plate portion 50 on the center
side.

[0099] The thin portions 51 are provided for a region in the
side surface 505 of the metal plate portion 50 on which the
extended side portions 62 are provided. In other words, the
thin portions 51 are provided for the side surface 5056 of the
metal plate portion 50 except for the locations of the fastening
portions 52 of the metal plate portion 50 where the extended
side portions 62 don’t exist. Preferably, the thin portions 51
are provided for the substantially overall side surface 505 of
the metal plate portion 50 except for the locations of the
fastening portions 52 of the metal plate portion 50, as is the
case with the extended side portions 62. The thin portions 51
may be formed by any methods such as etching, pressing,
machining, and a shape of a die for die casting, etc.

[0100] Specifically, according to the example in (A) in FIG.
5, the thin portions 51 are formed by reducing a constant
thickness to from the lower surface 504 at the end of the metal
plate portion 50.

[0101] According to the example in (B) in FIG. 5, the thin
portions 51 are formed by reducing a varied thickness from
the lower surface 50q at the end of the metal plate portion 50.
The thickness to be reduced varies from a first thickness ta to
the thickness ta via a second thickness tb which is greater than
ta, when viewed from the edge of the end of the metal plate
portion 50 to the center side. It is noted that in an alternative
embodiment, the thickness to be reduced may vary from a first
thickness ta to a third thickness (which is thinner than a
thickness of the metal plate portion 50 and greater than or
equal to 0) via a second thickness tb which is greater than ta.
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[0102] According to the example in (C) in FIG. 5, the thin
portions 51 are formed by reducing a varied thickness from
the lower surface 50q at the end of the metal plate portion 50.
The thickness to be reduced varies gradually from the first
thickness ta to 0 when viewed from the edge of the end of the
metal plate portion 50 to the center side. It is noted that in an
alternative embodiment, the thickness to be reduced may
gradually vary from the first thickness ta to a fourth thickness
(which is thinner than the first thickness ta and greater than or
equal to 0).

[0103] According to the example in (D) in FIG. 5, the thin
portions 51 are formed by reducing a varied thickness from
the lower surface 50q at the end of the metal plate portion 50.
The thickness to be reduced varies gradually from the first
thickness ta to the second thickness tb which is greater than ta,
when viewed from the edge of the end of the metal plate
portion 50 to the center side.

[0104] In the examples illustrated in FIG. 5, since the
extended side portions 62 of the resin molded portion 60
extend to the side of the lower surface 50a of the metal plate
portion 50 at the thin portions 51 (i.e., the extended side
portions 62 cover the thin portions 51 from the lower side),
the extended side portions 62 can adhere to the ends of the
metal plate portion 50 such that they encompass the ends of
the metal plate portion 50 from upper and lower sides, which
increases adhesion between the resin molded portion 60 and
the metal plate portion 50. It is noted that the examples in FI1G.
5 are just representative examples. Further, the examples in
FIG. 5 may be combined in any manner. The thin portions 51
may have any shape, as long as the extended side portions 62
can extend from the side surface 506 to the lower surface 50a
of'the metal plate portion 50 such that they are coplanar with
the lower surface 50a of the metal plate portion 50 on the
center side.

[0105] FIG. 6 is a cross-sectional view of an example of an
installed status of the semiconductor module 1. In FIG. 6, the
installed status of the semiconductor modules 2 is shown ina
cross-sectional view (corresponding to (A) in FIG. 3) along a
line A-A in FIG. 1.

[0106] The semiconductor module 1 is bolted to a channel
forming member (a water channel, a housing, etc.) 100 which
forms a cooling media channel 102 through which cooling
media (water in this example) is circulated, as illustrated in
FIG. 6. Specifically, the semiconductor module 1 is coupled
to the channel forming member 100 by means of bolts 110 in
such an orientation that the side of the lower surface of the
cooling plate portion 57, that is to say, the side of the fins 57a
faces the cooling medium channel 102. For this reason, in the
channel forming member 100 tapped holes 106 are formed at
positions corresponding to fastening positions of the bolts
110 (i.e., positions of the mounting holes 53 and 59 of the
fastening portions 52 and 58 of the metal plate portion 50 and
the cooling plate portion 57). The bolts 110 are bolted into the
corresponding tapped holes 106 of the channel forming mem-
ber 100 via the corresponding mounting holes 53 and 59 of
the fastening portions 52 and 58 of the metal plate portion 50
and the cooling plate portion 57. It is noted that the cooling
medium channel 102 is defined by the channel forming mem-
ber 100 in cooperation with the lower surface of the cooling
plate portion 57, as illustrated in FIG. 6.

[0107] Further, between the lower surface of the cooling
plate portion 57 and the channel forming member 100 a
sealing member 120 is provided to seal between the lower
surface of the cooling plate portion 57 and the channel form-
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ing member 100. In other words, the sealing member 120 is
provided between a seal portion 108 of the channel forming
member 100 and a seal portion 575 of the lower surface of the
cooling plate portion 57 such that it prevents leakage of the
cooling media from the cooling media channel 102 of the
channel forming member 100. The seal portion 576 of the
cooling plate portion 57 may be provided over the overall
periphery of the outer peripheral portion of the cooling plate
portion 57. However, another seal portion may be provided
for the outlet or inlet of the cooling medium channel 102, if
necessary. Similarly, the seal portion 108 of the channel form-
ing member 100 is provided such that it is opposed to the seal
portion 555 of the cooling plate portion 57. Preferably, the
seal portion 575 and the seal portion 108 are set outwardly
with respect to the side portion of the metal block 30 and are
set on the center side with respect to the side portion of the
resin molded portion 60. With this arrangement, it is possible
to efficiently ensure the sealing area and downsize the semi-
conductor module 1 in the Y direction. Further, it is possible
to prevent the resin molded portion 60 from being subjected
to the cooling medium such as water. Further, it is possible to
provide space between the fastening positions of the bolts 110
(i.e., the fastening portions 58) and the sealing area (the seal
portion 57b), because the seal portion 575 is located on the
center side of the cooling plate portion 57 with respect to the
fastening positions of the bolts 110 (i.e., the fastening por-
tions 58).

[0108] In the illustrated example, the seal portion 108 is
formed in a step which is set downwardly from a support
surface 109 for supporting the mounting portions 58 of the
cooling plate portion 57. The sealing member 120 is disposed
and elastically compressed in a space created by the step
between the seal portion 575 of the cooling plate portion 57
and the seal portion 108. Typically, the sealing member 120 is
arubber packing whose cross section is substantially circular,
for example. However, the sealing member 120 may be
formed of any material with any cross section as long as it
implements sealing between the seal portion 575 and the seal
portion 108. The sealing member 120 may have a shape or an
outline corresponding to the seal portion 575 and the seal
portion 108. The sealing member 120 may have a ring-like
shape corresponding to the outer peripheral portion of the
cooling plate portion 57 if the seal portion 576 and the seal
portion 108 are provided over the overall periphery of the
outer peripheral portion of the cooling plate portion 57. It is
noted that a relationship (such as a clearance) between the
seal portion 575 and the seal portion 108 may be any as long
as it implements necessary sealing between the seal portion
575 and the seal portion 108 in cooperation with the sealing
member 120.

[0109] FIG. 7 is a cross-sectional view for illustrating a
main cross-section of a semiconductor module 2 according to
another embodiment (a second embodiment) of the present
invention. FIG. 7 illustrates a cross-section cut by a line A-A
in FIG. 1 (corresponding to the cross-section illustrated in
FIG. 3 (A)). It is noted in FIG. 7 a status in which a cooling
plate portion 57 is not attached is illustrated for the sake of
convenience. The semiconductor module 2 according to the
embodiment has features in a configuration of a metal plate
portion 501. Other configurations may be the same as those in
the semiconductor module 1 according to the first embodi-
ment. In the following, a feature configuration of the metal
plate portion 501 is mainly explained.
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[0110] The metal plate portion 501 includes fastening por-
tions 521 on the opposite sides thereof in a direction (Y
direction in FIG. 1, in this example). A configuration of the
fastening portions 521 may be the same as the fastening
portions 52 of the metal plate portion 50 according to the first
embodiment described above except for a feature of thickness
described hereinafter. Further, preferably, the fastening por-
tions 521 are configured symmetrically with respect to the X
direction of the metal plate portion 501 except for a feature of
thickness described hereinafter.

[0111] The fastening portions 521 ofthe metal plate portion
501 are formed to have a thickness smaller than a center
portion (a portion on the center side with respect to the end; a
portion except for the fastening portions 521 in the illustrated
example) of the metal plate portion 501, as illustrated in FIG.
7. Preferably, the fastening portions 521 of the metal plate
portion 501 have half of the thickness of the center portion of
the metal plate portion 501. Further, the fastening portions
521 ofthe metal plate portion 501 at one end of the metal plate
portion 501 intheY direction (on the left side in the illustrated
example) are formed to be coplanar with the upper surface
50c¢ of the metal plate portion 501, while the fastening por-
tions 521 of the metal plate portion 501 at another end of the
metal plate portion 501 in the Y direction (on the right side in
the illustrated example) are formed to be coplanar with the
lower surface 50a of the metal plate portion 501. In other
words, the fastening portions 521 of the metal plate portion
501 at one end ofthe metal plate portion 501 in the Y direction
(on the left side in the illustrated example) are thinned on the
side of the lower surface 50a of the metal plate portion 501,
while the fastening portions 521 of the metal plate portion 501
atanother end of the metal plate portion 501 in the Y direction
(on the right side in the illustrated example) are thinned on the
side of the upper surface 50c of the metal plate portion 501. At
that time, the thinned thickness may be half of the thickness of
the center portion of the metal plate portion 501.

[0112] FIG. 8 is a cross-sectional view of an example of an
installed status of two semiconductor modules 2. In FIG. 8,
the installed status of the semiconductor modules 2 is shown
in a cross-sectional view (corresponding to (A) in FIG. 3)
along a line A-A in FIG. 1.

[0113] Itis preferred that two or more semiconductor mod-
ules 2 are installed to be arranged in the Y direction, as
illustrated in FIG. 8. At that time, as illustrated in FIG. 8, the
semiconductor modules 2 neighboring in the Y direction are
simultaneously fastened by means of bolts 110 such that the
fastening portions 521 of the metal plate portion 501 of one
semiconductor module 2 are overlaid above or below the
fastening portions 521 of the metal plate portion 501 of
another semiconductor module 2. The respective semicon-
ductor modules 2 are fastened to the channel forming member
(a water channel, a housing, etc.) 100 by means of the bolts
110 which passes through the overlaid fastening portions 521
of the metal plate portions 501 of two neighboring semicon-
ductor modules 2. It is noted that at that time the respective
cooling plate portions 57 are fastened to a channel forming
member together with the corresponding metal plate portions
501, as is the case with the embodiment illustrated in FIG. 6.
It is noted that the cooling plate portion 57 may be formed by
a large plate member which may be common to plural metal
plate portions 501. In the example illustrated in FIG. 8, the
cooling plate portions 57 also include the fastening portions
58 with the same thickness feature as the fastening portions
521 of the metal plate portion 501. The fastening portions of
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the cooling plate portions 57 are overlaid above or below the
neighboring fastening portions 58 of the cooling plate por-
tions 57 to be simultaneously fastened by means of bolts 110.
[0114] According to the semiconductor module 2 of the
present embodiment, the following effects, among other
things, can be obtained in addition to the effects obtained by
the semiconductor module 1 according to the first embodi-
ment described above. According to the semiconductor mod-
ule 2 of the present embodiment, when two or more semicon-
ductor modules 2 are installed to be arranged in the Y
direction, the respective fastening portions 521 can be over-
laid. With this arrangement, two or more semiconductor mod-
ules 2 can be effectively installed to be arranged in the Y
direction, utilizing a space with a shorter distance in the Y
direction. In other words, space-saving in the'Y direction (a
miniaturization of the whole module) can be implemented.
Further, since the respective fastening portions 521 are over-
laid to be fastened simultaneously, it is possible to reduce the
number of the required bolts 110. It is noted that if the over-
laid fastening portions 521 of the metal plate portions 501 of
two neighboring semiconductor modules 2 are configured
such that they have half of the thickness of the center portion
of the metal plate portion 501, the fastening portions 521 of
the metal plate portions 501 of one semiconductor module are
coplanar with the upper surface 50¢ of the metal plate portion
501, and the fastening portions 521 of the metal plate portion
501 of another semiconductor module 2 are coplanar with the
lower surface 50a of the metal plate portion 501, heights of
the respective semiconductor modules 2 in the installed status
may be the same.

[0115] Itis noted that as described above it is preferred that
two or more semiconductor modules 2 are installed to be
arranged in the Y direction; however, each semiconductor
module 3 may be fastened to the channel forming member (a
water channel, a housing, etc.) 100 as is the case with the
installed status of the semiconductor module 1 illustrated in
FIG. 6.

[0116] FIG.9isaplane view forillustrating a lower surface
side of a semiconductor module 3 according to yet another
embodiment (a third embodiment) of the present invention. It
is noted in FIG. 9 a status in which a cooling plate portion is
not attached is illustrated for the sake of convenience. The
semiconductor module 3 according to the embodiment has
features in a configuration of a metal plate portion 502. Other
configurations may be the same as those in the semiconductor
module 1 according to the first embodiment. In the following,
a feature configuration of the metal plate portion 502 is
mainly explained.

[0117] The metal plate portion 502 includes fastening por-
tions 522 on the opposite sides thereof in a direction (Y
direction in FIG. 1, in this example). The fastening portions
522 are formed in areas at the ends of the metal plate portion
502, which areas project in the Y direction with respect to
their neighboring areas, as illustrated in FIG. 9. According to
the present embodiment, two fastening portions 522 are
formed at one end of the metal plate portion 502 in the Y
direction (on the left side in the illustrated example) such that
they are formed in areas located on opposite sides in the X
direction, which areas project in the Y direction with respect
to an area therebetween. In other words, a shape of one end of
the metal plate portion 502 in the Y direction (on the left side
in the illustrated example) is concave with the opposite pro-
jecting ends when viewed in the Y direction from the center
side. The fastening portions 522 are set on the opposite ends
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in the X direction. Further, a single fastening portions 522 is
formed at another end of the metal plate portion 502 in the Y
direction (on the right side in the illustrated example) such
that it is formed in a center area in the X direction which
projects intheY direction with respect to the opposite areas in
the X direction. In other words, a shape of another end of the
metal plate portion 502 in the Y direction (on the right side in
the illustrated example) is convex with the projecting center
area when viewed in the Y direction from the center side. The
single fastening portion 522 is set on the center area in the X
direction.

[0118] The side portion of the resin molded portion 60 in
theY direction is located on the center side with respect to the
outermost position of the fastening portions 522 in the Y
direction. In the illustrated example, the side portion of the
resin molded portion 60 in the Y direction does not extend
outwardly from the side surface 505 of the metal plate portion
502 except for the extended side portions 62. It is noted that in
the illustrated example the extended side portions 62 in the
convex-shaped end (the right end in FIG. 9) are formed on the
opposite sides of the fastening portions 522 in the X direction.
[0119] Itis noted that the cooling plate portion of the semi-
conductor module 3 includes the fastening portions 58 corre-
sponding to the fastening portions 52 of the metal plate por-
tion 502. The cooling plate portion 57 may have substantially
the same outline as the metal plate portion 502.

[0120] FIG.101is a plane view for illustrating an example of
an installed status of two semiconductor modules 3 viewed
from a lower surface side of the semiconductor module 3. It is
noted in FIG. 10 a status in which a cooling plate portion 57
is not attached is illustrated for the sake of convenience.
[0121] Itis preferred that two or more semiconductor mod-
ule 3 are installed to be arranged in the Y direction, as illus-
trated in FIG. 10. At that time, as illustrated in a dashed line
region in FIG. 10, the semiconductor modules 3 neighboring
in the Y direction are installed such that the fastening portion
522 at the convex-shaped end of the metal plate portion 502 of
one semiconductor module 3 enters a center region (a con-
cave region) of in the X direction at the concave end of the
metal plate portion 502 of another semiconductor module 3.
In other words, the semiconductor modules 3 neighboring in
the Y direction are installed such that two fastening portions
522 of one semiconductor module 3 and a single fastening
portion 522 of another semiconductor module 3 are opposed
in the Y direction and shifted in the X direction (i.e., two
fastening portions 522 of one semiconductor module 3 and a
single fastening portion 522 of another semiconductor mod-
ule 3 are overlapped in a complementary manner in the Y
direction). It is noted that at that time the respective cooling
plate portions 57 are fastened to a channel forming member
together with the metal plate portions 502, as is the case with
the embodiment illustrated in FIG. 6. It is noted that the
cooling plate portion 57 may be formed by a large plate
member which may be common to plural metal plate portions
502.

[0122] According to the semiconductor module 3 of the
present embodiment, the following effects, among other
things, can be obtained in addition to the effects obtained by
the semiconductor module 1 according to the first embodi-
ment described above. According to the semiconductor mod-
ule 3 of the present embodiment, when two or more semicon-
ductor modules 3 are installed to be arranged in the Y
direction, the respective fastening portions 522 can be over-
lapped in a complementary manner in the Y direction. With
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this arrangement, two or more semiconductor modules 2 can
be effectively installed to be arranged in the Y direction,
utilizing a space with a shorter distance in the Y direction. In
other words, space-saving in the Y direction (a miniaturiza-
tion of the whole module) can be implemented.

[0123] Itis noted that in the third embodiment the relation-
ship between the fastening portion 522 at one end and the
fastening portions 522 at another end of the metal plate por-
tion 502 is not limited to the example described above. As
long as the fastening portion 522 at one end and the fastening
portions 522 at another end of the metal plate portion 502 are
offset with respect to each other in the X direction, the effects
described above can be obtained. Further, the number of the
fastening portions 522 at one end of the metal plate portion
502 may be an arbitrary number as needed. The number of the
fastening portions 522 may be the same or different between
the opposite ends of the metal plate portion 502.

[0124] Itis noted that as described above it is preferred that
two or more semiconductor modules 3 are installed to be
arranged in the Y direction; however, each semiconductor
module 3 may be fastened to the channel forming member
100 as is the case with the installed status of the semiconduc-
tor module 1 illustrated in FIG. 6.

[0125] FIG. 11 is a cross-sectional view for illustrating a
main cross-section of a semiconductor module 4 according to
another embodiment (a fourth embodiment) of the present
invention. FIG. 11 illustrates a cross-section cut by a line C-C
in FIG. 1 (corresponding to the cross-section illustrated in
FIG. 3 (C)). FIG. 12 is a projection view of the semiconductor
module 4 viewed from the lower side. FIG. 12 illustrates a
forming region of fins 573a. The semiconductor module 4
according to the embodiment has features in a configuration
of a cooling plate portion 573. Other configurations may be
the same as those in the semiconductor module 1 according to
the firstembodiment described above. For example, fastening
portions of the cooling plate portion 573 (not illustrated) may
be the same as the fastening portions 58 of the cooling plate
portion 57 according to the first embodiment described
above. In the following, a feature configuration of the cooling
plate portion 573 is mainly explained.

[0126] The configuration of the cooling plate portion 573
may be substantially the same as the configuration of cooling
plate portion 57 according to the first embodiment described
above except for the forming region of fins 573a. The fins
573a are formed on the center side with respect to the side
portions of the metal blocks 30, as illustrated in FIG. 11 and
FIG. 12. In other words, the fins 573a are formed such that in
the projection view the side portions of the metal blocks 30
extends outwardly with respect to the forming region of fins
573a.

[0127] According to the semiconductor module 4 of the
present embodiment, the following effects, among other
things, can be obtained in addition to the effects obtained by
the semiconductor module 1 according to the first embodi-
ment described above. According to the semiconductor mod-
ule 4 of the present embodiment, since in the projection view
the side portions of the metal blocks 30 extends outwardly
with respect to the forming region of fins 5734, an inspection
(an ultrasonic inspection or the like, for example) of the
semiconductor module 4 can be performed more easily. Spe-
cifically, when the inside (bonded statuses between the
respective components inside the resin molded portion 60,
etc.) of the semiconductor module 4 is inspected with ultra-
sonic test equipment, ultrasonic waves need to be radiated
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from the side of the lower surface of the semiconductor mod-
ule 4; however, if there are fins 5734 on the lower surface of
the semiconductor module 4, ultrasonic waves may reflect at
the fins 5734, and thus precise inspection results cannot be
obtained. In contrast, according to the semiconductor module
4 of the present embodiment, it is possible to perform the
ultrasonic inspection of the semiconductor module 4 with
high accuracy without removing the cooling plate portion 573
by utilizing areas P1, P2 and P3 (see FIG. 11) where the fins
573a are not formed. It is noted that the concrete inspection
target may include the presence or absence of exfoliation
(debonding) between the metal blocks 30 and the insulating
sheet 40, the presence or absence of exfoliation between the
insulating sheet 40 and the metal plate portion 50, etc.
[0128] FIG. 13 is across-sectional view of an example of an
installed status of two semiconductor modules 2 which can be
similarly applied to the respective embodiments described
above. In FIG. 13, as an example, two semiconductor mod-
ules are used. In FIG. 13, the installed status of the semicon-
ductor modules 2 is shown in a cross-sectional view (corre-
sponding to (A) in FIG. 3) along a line A-A in FIG. 1.
[0129] The semiconductor modules 2 may be installed such
that the sides where the fins 57a are formed are opposed to
each other in a vertical direction, as illustrated in FIG. 13. In
this case, as illustrated in FIG. 13, the upper and lower semi-
conductor modules 2 are fastened to the channel forming
member (a water channel, a housing, etc.) 100 by means of
common bolts 110 and nuts 111. In other words, the upper and
lower semiconductor modules 2 are fastened to the channel
forming member 100 by using the common bolts 110 and the
common nuts 111 for the opposed fastening portions 521 of
the metal plate portions 501 of the upper and lower semicon-
ductor modules 2. It is noted that at that time the respective
cooling plate portions 57 are fastened to a channel forming
member together with the metal plate portions 50, as is the
case with the embodiment illustrated in FIG. 6. With this
arrangement, it is possible to reduce the number of the bolts
110, etc., required for the fastening. It is noted that if the
semiconductor modules 2 are installed such that the sides
where the fins 574 are formed are opposed to each other in a
vertical direction as illustrated in FIG. 13, the cooling media
channel 102 is defined by the cooling plate portion 57 (the
surface on which the fins 57a are formed) in the vertical
direction.

[0130] Next, with reference to FIG. 14 through FIG. 18, a
feature configuration for increasing ease of performing an
ultrasonic inspection with ultrasonic test equipment is
described. Here, for the sake of convenience, explanation is
made as to the semiconductor module 1 according to the first
embodiment described above; however, it can be similarly
applied to other second, third and fourth embodiments
described above.

[0131] FIG. 14 is a diagram for schematically illustrating a
relationship between a thickness of the metal plate portion 50
and a degree of ease (accuracy) of an ultrasonic inspection.
Here, the semiconductor module 1 has the cooling plate por-
tion 57 removed therefrom as described above and the side of
the metal plate portion 50 is sunk in water. The inspection is
performed by radiating the ultrasonic waves to the lower
surface of the metal plate portion 50 from a probe (a SAT
probe) ofthe ultrasonic test equipment and then analyzing the
reflected waves. Further, in this example, the inspection target
includes at least one of the presence or absence of exfoliation
between the semiconductor devices 10 and the solder layers
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82, the presence or absence of voids inside the solder layers
82, and the presence or absence of exfoliation between the
solder layers 82 and the metal blocks 30. For this purpose, the
ultrasonic waves to be measured are as follows, as illustrated
by solid lines in FIG. 14.

[0132] (1) A reflected wave (referred to as a first measure-
ment reflected wave) which reaches a boundary between the
solder layers 82 and the metal blocks 30 without reflection
and is reflected at the boundary between the solder layers 82
and the metal blocks 30 to return directly.

[0133] (2) A reflected wave (referred to as a second mea-
surement reflected wave) which reaches a boundary between
the semiconductor devices 10 and the solder layers 82 without
reflection and is reflected at the boundary between the semi-
conductor devices 10 and the solder layers 82 to return
directly.

[0134] Accordingly, a gate range of the ultrasonic test
equipment (i.e., a monitoring range related to an ultrasonic
wave arrival time) is set based on an arrival time of the first
measurement reflected wave and an arrival time of the second
measurement reflected wave. The gate range may be from the
arrival time of the first measurement reflected wave to the
arrival time of the second measurement reflected wave and
plus alpha. The alpha is typically a time corresponding to one
wavelength (for example, one wavelength in water), but it
may be longer than the time corresponding to the one wave-
length.

[0135] InFIG. 14, the thickness t1 ofthe metal plate portion
50 is different between the example illustrated in (A) and
example illustrated in (B). In the example illustrated in FIG.
14 (A), many internal echo components (i.e., noise) are mixed
in the gate range, and thus the measurement reflected waves
are hidden by the internal echo components. The internal
echo components includes reflected components which
returns after repeating the reflection in the metal plate portion
50 and the insulating sheet 40 (i.e., reflected at the boundary
between the metal blocks 30 and the insulating sheet 40, the
boundary between the insulating sheet 40 and the metal plate
portion 50, and the boundary between the metal plate portion
50 and the outside (water, for example)), as illustrated in FIG.
14. On the other hand, in the example illustrated in FIG. 14
(B), the internal echo components (i.e., noise) are not sub-
stantially mixed in the gate range, and thus the measurement
reflected waves can be extracted with high accuracy by sepa-
rating them from the internal echo components.

[0136] Thus, thethicknesst1 ofthe metal plate portion 50 is
set such that the internal echo component, which returns after
reflecting the boundary between the metal blocks 30 and the
insulating sheet 40, the internal echo component, which
returns after reflecting the boundary the insulating sheet 40
and the metal plate portion 50, etc., are not substantially
superposed in the gate range. With this arrangement, it
becomes possible to separate the measurement reflected
waves from the internal echo components to extract the mea-
surement reflected waves with high accuracy, thereby
increasing inspection accuracy.

[0137] Here, with reference to FIG. 15, etc., an example of
a way of deriving an appropriate range of the thickness t1 of
the metal plate portion 50 is described. Here, it is assumed
that the internal echo components include the reflected wave
which has m times of the round trip in the metal plate portion
50, and the reflected wave which has n times of the round trip
in the insulating sheet 40, as illustrated in FIG. 15.
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[0138] The definition of the numerical subscripts used in
the following formulas is as represented in FIG. 16. For
example, the numerical subscript i=3 represents the layer of
the metal blocks 30.

[0139] [1. arrival time of measurement reflected wave]
[0140] The first measurement reflected wave (i.e., the
reflected wave which returns directly after reflecting at the
boundary between the solder layers 82 and the metal blocks
30) is as follows.

Zi /e
=

[0141] The second measurement reflected wave (i.e., the
reflected wave which returns directly after reflecting at the
boundary between the semiconductor devices 10 and the
solder layers 82) is as follows.

4
zZ G/c
=0

[0142] At that time, the gate range Tg has one wavelength
added at the end side as follows.

3 4
zZ /ci sTgsZZ Glei+l/f
=0 =0

[0143] [2. arrival time of internal echo components|
[0144] The arrival time Tmn of the internal echo compo-
nent is expressed using the number of attenuation of the
transmitted wave k as follows.

Ton =2Hto/co+m 11 [cr +n-np [} +k[f

[0145] [3. determination of m]

[0146] Initial m (aninteger equal to or greater than 2) which
meets the relationship Tg<T . ;, is derived from the follow-
ing equation.

4
23 nifei+1/f <2tojeo+m+1)tifer+0-n/cr) +k/f
i=0

Thus, m (an integer equal to or greater than 2) is an integer
which meets the following relationship.

Formula (1)

4
m-1< %-01/11{2; /e + (1;k)}<m

[0147] [4. Determination of overlapped range (determina-
tion of appropriate thickness t1)]

[0148] Here it is assumed that the thickness of the insulat-
ing sheet 40 is thin and the measurement of the measurement
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reflected waves is not possible before Tm0~Tm(nm) because
waves are crowded densely and the internal echo components
are superposed. Based on the assumption, if these following
two conditions (i.e., formulas (2) and (3)) are met, it is pos-
sible to measure the measurement reflected waves because
the internal echo components are not superposed.

Doty <18 Formula (2)
Tg<Tme1y0 Formula (3)
[0149] The formula (2) can be expressed as follows.

3
2tofco+mt1 /1 + Mpar ]2k +K[f <2) 1
i=0

[0150]
follows.

This formula can be organized to be expressed as

(m-1)-1 Formula (2')

3
k
Y <; [i/ci_ﬁ_nmax'IZ/CZ

The formula (3) can be expressed as follows.

4
ZZ glei+l/f<iofco+(m+1)-tifci+0-n/ea}+k/f
=0

This formula can be organized to be expressed as follows.

m-n 1 Formula (3')

<il‘/ k +[4+
ilCi— 57+ —+ 53
c1 ~ 2f ¢y 2f

Thus, by determining tl which meets the formulas (1), (2') and
(3" as described above, it is possible to derive an appropriate
range of the thickness t1. Specifically, by determining m from
the formula (1) and then using m to determine t1 which meets
the formulas (2') and (3') as described above, it is possible to
derive an appropriate range of the thickness t1.

[0151] Next, an example of calculation is described in
which an appropriate range of the thickness tl is derived
under a particular condition. Here, the conditions illustrated
in FIG. 17 are used. It is noted that the metal blocks 30 are
formed from copper, the insulating sheet 40 is formed from a
resin, and the metal plate portion 50 is formed from alumi-
num. Further, a mark “~”in FIG. 17 indicates that the variable
in the question is arbitrary. It is noted that in the calculation it
is assumed that a frequency is 50 MHz, the number of attenu-
ation is (times) and n,,,_is 4 (times).

[0152] FIG. 18 illustrates a graph of the calculation results.
In FIG. 18, change manners of respective parameters when
the thickness t1 varies in a range from 1 to 4 [mm] are
illustrated. The parameters are the first measurement reflected
wave (i.e., the reflected wave which returns directly after
reflecting at the boundary between the solder layers 82 and
the metal blocks 30), the second measurement reflected wave
(i.e., the reflected wave which returns directly after reflecting
at the boundary between the semiconductor devices 10 and
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the solder layers 82), and the arrival times of the internal echo
components. The arrival times of the internal echo compo-
nents are illustrated with respect to four cases (m, n)=(2, 0),
(2,4), (3,0)and (3, 4).

[0153] When itisassumed that the range of the thickness t1
of the metal plate portion 50 is from 1 to 4 [mm], m which
meets the formula (1) described above in this range of the
thickness t1 is “2”, and thus an appropriate range of the
thickness t1 is from about 2.3 to about 2.5 [mm]. Specifically,
as illustrated in FIG. 18, with respect to a section A in which
the range of the thickness t1 is from about 2.3 to about 2.5
[mm], since the arrival time of the first measurement reflected
wave and the arrival time of the second measurement
reflected wave are well deviated from the arrival times of the
internal echo components (i.e., the internal echo components
are not superposed on the first measurement reflected wave
and the second measurement reflected wave), the first mea-
surement reflected wave and the second measurement
reflected wave can be measured with high accuracy. In con-
trast, if the thickness t1 of the metal plate portion 50 falls in
another section B or C, since the internal echo components
are not superposed on the first measurement reflected wave
and the second measurement reflected wave, it is difficult to
measure the first measurement reflected wave and the second
measurement reflected wave with high accuracy.

[0154] FIG. 19 is a diagram for schematically illustrating
an example of a hybrid system 600 including the semicon-
ductor module 1, 2, etc., according to the respective embodi-
ments described above.

[0155] In the illustrated embodiment, the hybrid system
600 includes a battery 602, an inverter 610, and motor gen-
erators 620, 622. The semiconductor module 1, 2, etc.,
according to the respective embodiments described above
may be implemented as an IPM (Intelligent Power Module)
612. The IPM 612 is installed in the inverter 610 and performs
the transformation between direct current (DC) and alternat-
ing current (AC) by means of PWM control based on signals
supplied from an ECU 614. It is noted that in the illustrated
embodiment a DC-DC booster transformer 616 is added in
the inverter 610.

[0156] The present invention is disclosed with reference to
the preferred embodiments. However, it should be understood
that the present invention is not limited to the above-described
embodiments, and variations and modifications may be made
without departing from the scope of the present invention.
[0157] For example, in the above-described embodiments,
the semiconductor devices 10 are configured with a total of
six arms of upper arms and lower arms wherein each arm
includes U-phase, V-phase and W-phase. However, the num-
ber of the arms installed in the semiconductor module 1 may
be any. If the semiconductor module 1 is embodied as an
inverter for driving two motors (see FIG. 19), for example, the
semiconductor devices 10 may be configured with the respec-
tive arm of the upper and lower arms of U-phase, V-phase and
W-phase for the first motor and the respective arm of the
upper and lower arms of U-phase, V-phase and W-phase for
the second motor. Further, several semiconductor devices 10
may be installed in parallel for one arm.

[0158] Further, the semiconductor module 1 may include
another configuration (parts of elements of a DC-DC booster
transformer for driving a motor, for example), and the semi-
conductor module 1 may include another element (capacitor,
inductor, etc.) in addition to the semiconductor devices 10.
Further, the semiconductor module 1 may be any module as
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long as it requires cooling, and thus is not limited to the
semiconductor module which implements the inverter. Fur-
ther, the semiconductor module 1 may be implemented as an
inverter used for applications (a train, an air conditioner, an
elevator, a refrigerator, etc.) other than vehicle applications.

[0159] Further, in the above-described first embodiment, if
the semiconductor modules 1 are arranged in the Y direction,
the semiconductor modules 1 may be arranged in a staggered
configuration such that two neighboring semiconductor mod-
ules 1 are offset to each other in the X direction. In other
words, the semiconductor modules 1 may be arranged in the
Y direction such that one of the mounting portions 52 of one
of'the two neighboring semiconductor modules 1 is included
in space (concave area in the end in the Y direction) between
the mounting portions 52 of the other of the two neighboring
semiconductor modules 1. In this case, when more than two
semiconductor modules 1 are installed such that they are
aligned in the Y direction as is the case with the installed
status of the semiconductor module 3 illustrated in FIG. 10, it
is possible to efficiently install them by utilizing reduced
space in the Y direction. Thus, it is possible to save space in
the Y direction (and thus downsize the module as a whole).

1-11. (canceled)

12. A semiconductor module comprising:

a semiconductor device;

a metal plate portion that includes a first surface on a side
of the semiconductor device;

a molded portion that is formed by molding a resin on the
semiconductor device and the metal plate portion;

a cooling plate portion that is a separate member from the
metal plate portion, is provided on a side opposite to the
first surface on the side of the semiconductor device, and
includes fins on a side opposite to the side of the metal
plate portion;

aheat sink part that is provided between the semiconductor
device and the first surface of the metal plate portion on
the side of the semiconductor device; and

an insulating material that is provided between the heat
sink part and the first surface of the metal plate portion
on the side of the semiconductor device;

the heat sink part and the insulating material are disposed in
the molded portion

the insulating material includes an end that extends out-
wardly with respect to an end of the heat sink part, and

the fins of the metal plate portion are formed at a center side
with respect to the end of the heat sink part.

13. A semiconductor module comprising:

a semiconductor device;

a metal plate portion that includes a first surface on a side
of'the semiconductor device and has a fastening portion
at an end thereof;

a molded portion that is formed by molding a resin on the
semiconductor device and the metal plate portion; and

a cooling plate portion that is a separate member from the
metal plate portion, is provided on a side opposite to the
first surface on the side of the semiconductor device, and
includes fins on a side opposite to the side of the metal
plate portion;

wherein the fastening portion of the metal plate portion is
exposed out of the molded portion, and the cooling plate
portion includes a fastening portion at a position that
corresponds to a position of the fastening portion of the
metal plate portion, and
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the metal plate portion and the cooling plate portion are
fastened to a channel forming member at the fastening
portion of metal plate portion and the fastening portion
of cooling plate portion, the channel forming member
forming a cooling medium channel in which a cooling
medium flows.

14. The semiconductor module of claim 12, wherein a
thickness of the metal plate portion is configured such that,
when ultrasonic waves are entered from the side of the metal
plate portion of the semiconductor module with ultrasonic
test equipment, an internal echo component, which is
reflected at a boundary surface between the metal plate por-
tion and the insulating material, and an internal echo compo-
nent, which is reflected at a boundary surface between the
insulating material and the heat sink part are not substantially
detected in a gate range that is set for detecting reflected
waves to be measured.

15. The semiconductor module of claim 14, wherein the
semiconductor device is provided on the heat sink part via a
solder layer, and

the gate range is set based on

a arrival time of a first reflected wave to be measured, the

first reflected wave directly returning after entering from
a second surface of the metal plate portion on the side of
the cooling plate portion and being reflected at a bound-
ary surface between the solder layer and the heat sink
part, and

a arrival time of a second reflected wave to be measured,

the first reflected wave directly returning after entering
from the second surface of the metal plate portion on the
side of the cooling plate portion and being reflected at a
boundary surface between the solder layer and the heat
sink part.

16. The semiconductor module of claim 12, wherein grease
is applied between the metal plate portion and the cooling
plate portion.

17. The semiconductor module of claim 12, wherein the
molded portion includes an extended side portion at a region
of'the metal plate portion where the fastening portion does not
exist, the extended side portion extending to be coplanar with
a second surface of the metal plate portion on the side of the
cooling plate portion such that it is brought into intimate
contact with a side surface of the cooling plate portion.

18. The semiconductor module of claim 12, further com-
prising: a wiring member that is connected to the semicon-
ductor device,

wherein the wiring member is disposed within the molded

portion such that a terminal portion of the wiring mem-
ber is exposed out of the molded portion, and

the molded portion includes a rib portion at a side portion

region thereof where the terminal portion of the wiring
member is exposed, the rib portion projecting outwardly
with respect a neighboring side portion region.

19. The semiconductor module of claim 12, wherein the
metal plate portion includes fastening portions provided at
opposite ends thereof in a first direction,

the fastening portions of the metal plate portion are formed

in a region that projects in the first direction with respect
to another region in the corresponding ends of the metal
plate portion,

the molded portion is formed at a center side of the metal

plate portion with respect to the fastening portions of the
metal plate portion, and
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the fastening portion of one end of the metal plate portion
is formed at a position that has an offset in a second
direction with respect to the fastening portion of another
end of the metal plate portion, the second direction being
perpendicular to the first direction.

20. The semiconductor module of claim 12, wherein the
metal plate portion includes fastening portions provided at
opposite ends thereof in a first direction,

the fastening portions of the metal plate portion are formed

to have a thickness smaller than a center portion of the
metal plate portion, and

the fastening portion of one end of the metal plate portion

in the first direction is coplanar with the first surface of
the metal plate portion on the side of the semiconductor
device, and the fastening portion of another end of the
metal plate portion in the first direction is coplanar with
a second surface of the metal plate portion on the side of
the cooling plate portion.

21. A hybrid system comprising the semiconductor module
of claim 12.
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