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FIG.1 6 

"ELEMENTEXAMPLR ié'i‘ck'i?'im 33/555530“ 
5 (SEMICONDuCTOR DEVICE) t5 c5 

4 (SOLDER LAYER) t4 c4 

3 (METAL BLOCK) t3 c3 

2 (INSULATING SHEET) t2 c2 

1 (METAL PLATE PORTION) t1 c1 

0 (WATER) to co 

FIG.1 7 

‘ “ELEMENT EXAMPLE i?Tcki'?gNT SEmS/OSDNSLOCITY 
5 (SEMICONDUCTOR DEVICE) — — 

4 (SOLDER LAYER) 015m 2500 

3 (METAL BLOCK) 300m 4700 

2 (INSULATING SHEET) 020mm 4000 

1 (METAL PLATE PORTION) t1 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; a through hole that is formed on the metal base 
plate and ?xes a cooling ?n 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 con?gu 
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 ?rst 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 ?rst surface on the side of the semiconductor device, and 
includes ?ns 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 con?guration 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 ?rst 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 50b of 
a metal plate portion. 
[0018] FIG. 6 is a cross-sectional vieW ofan example ofan 
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 ofan example ofan 
installed status of tWo semiconductor modules 2. 
[0021] FIG. 9 is a plane 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. 10 is a plane 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 a cross-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 de?nition 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. 18 is 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] 20a terminal portion 
[0036] 22 Wiring member 
[0037] 22a terminal portion 
[0038] 30 metal block 
[0039] 40 insulating sheet 
[0040] 50, 501, 502 metal plate portion 
[0041] 50a loWer surface (of metal plate portion) 
[0042] 50b 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 ?n 
[0049] 57b 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 ?rst embodiment) of the present invention, 
Where (A) is a perspective vieW from an upper side and (B) is 
a perspective vieW from a loWer side. It is 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 
a cross-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 cut along a line 
A-A in FIG. 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 ?eld-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 de?ne 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 3 0 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 via solder 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] The insulating sheet 40 is formed of a resin 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 ?lms 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 module1, 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 thereof in 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 de?nes 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 theY direction With respect to their 
neighboring areas, as illustrated in FIG. 1, etc. Speci?cally, 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 
aY 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 ?xed 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 ?ns 5711 on a 
loWer surface thereof. The number of the ?ns 57a and an 
arrangement manner of the ?ns 5711 are arbitrary unless oth 
erWise speci?ed (see con?gurations illustrated in FIG. 11, 
etc.). Further, a con?guration of ?ns 57a, such as a shape, 
height, etc., is arbitrary. The ?ns 57a may be straight ?ns or 
pin-shaped ?ns arranged in a staggered arrangement or the 
like. In an installed status of the semiconductor module 1 the 
?ns 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 ?ns 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] It is noted that the ?ns 57a 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). Speci?cally, 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 ?ns 5711 on the 
loWer surface of the semiconductor module 1, ultrasonic 
Waves may re?ect at the ?ns 57a, 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 ?ns 57a orbefore 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. Speci? 
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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