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POWER MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of PCT/JP2009/054317, filed Mar. 6, 2009, which claims
priority to Japanese Patent Applications No. 2008-153626,
filed Jun. 12, 2008, No. 2008-283968, filed Nov. 5, 2008 and
No. 2009-049840, filed Mar. 3, 2009. The contents of these
applications are incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a power module
used in a motor control device.

[0004] 2. Discussion of the Background

[0005] A conventional power module mounted on a motor
control device such as an inverter or a servo amplifier is
typically provided with a plurality of semiconductor devices
(for example, six semiconductor chips and six freewheeling
diodes) disposed on an insulated circuit board. As examples
of such a semiconductor device, there has been known a
so-called IGBT (Insulated Gate Bipolar Transistor) module
having an IGBT therein, and an intelligent power module
configured by an IGBT module with a gate drive circuit or a
protection circuit. This type of a power module is disclosed in
Japanese Unexamined Patent Application Publication No.
2005-123233. The Publication describes a cooling structure
of'a power module in which heat sinks are joined respectively
to both sides of a semiconductor chip, and coolers are pro-
vided respectively over these heat sinks.

SUMMARY OF THE INVENTION

[0006] According to one aspect of the present invention,
[0007] a power module includes:

[0008] a first semiconductor device provided with a first
FET,

[0009] a first substrate electrically connected to the first
semiconductor device;

[0010] asecond semiconductor device provided with a sec-
ond FET;

[0011] a second substrate on a surface of which the second
semiconductor device is disposed; and

[0012] a third substrate on a surface of which and a back
surface facing away of the surface a first metallic plate and a
second metallic plate are respectively disposed, the first
metallic plate and the second metallic plate being respectively
connected with the first semiconductor device and the second
semiconductor device, wherein

[0013] the third substrate has a function of a capacitor for
accumulating a charge, and

[0014] a plurality of metallic layers and a plurality of insu-
lation layers are formed between the first metallic plate and
the second metallic plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in con-
nection with the accompanying drawings, wherein:
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[0016] FIG. 1 is a cross-sectional view illustrating a power
module according to an embodiment of the present invention;
[0017] FIG. 2 is a circuit diagram of a three-phase inverter
circuit;

[0018] FIGS. 3A and 3B are a diagram schematically illus-
trating a time change of junction temperatures of a semicon-
ductor device;

[0019] FIG. 4 is a graphical chart illustrating the change of
the junction temperatures of the semiconductor device;
[0020] FIG. 5 is a schematic diagram of a power module
that is used for a simulation of one side radiation;

[0021] FIG. 6 is a diagram showing junction temperatures
in a result of the simulation of the one side radiation;

[0022] FIG. 7 is a schematic diagram of a power module
that is used for a simulation of double side radiation according
to this embodiment;

[0023] FIG. 8 is a diagram showing junction temperatures
in a result of the simulation of the double side radiation;
[0024] FIG. 9 is a diagram showing power cycle longevity
of the power module;

[0025] FIGS. 10A and 10B are a top view and a cross-
sectional view of a power module of a different embodiment
according to the present invention;

[0026] FIG. 11 is a cross-sectional view of a power module
of another embodiment according to the present invention;
[0027] FIGS. 12A and 12B are a top view and a cross-
sectional view of a motor control device on which the power
module according to this embodiment is mounted;

[0028] FIGS. 13A and 13B are a top view and a cross-
sectional view of a water cooling structure of the motor con-
trol device on which the power module according to this
embodiment is mounted;

[0029] FIGS. 14A and 14B are a top view and a cross-
sectional view of a water cooling structure of the motor con-
trol device on which the power module according to this
embodiment is mounted;

[0030] FIG. 15is a cross-sectional view of a power module
of yet another embodiment according to the present inven-
tion;

[0031] FIG. 16 is a cross-sectional view of a power module
of yet another embodiment according to the present inven-
tion;

[0032] FIG. 17 is a cross-sectional view of an insulated
circuit board having a function of a main circuit capacitor;
and

[0033] FIG. 18 is a cross-sectional view of an insulated
circuit board having the function of the main circuit capacitor
according to further another embodiment according to the
present invention.

DESCRIPTION OF THE EMBODIMENTS

[0034] Embodiments will now be described with reference
to the accompanying drawings, wherein like reference
numerals designate corresponding or identical elements
throughout the various drawings.

[0035] FIG. 1 illustrates a cross-sectional view of a power
module 201 according to this embodiment. According to the
power module 201, the heat generated within the module is
radiated from an upper and a lower surface of the power
module. Therefore, this power module is also referred to as a
double-side radiating power module.

[0036] The power module 201 is provided with a first sub-
strate 202, a second substrate 204, a third substrate 203, a first
semiconductor device 205, and a second semiconductor
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device 206. The first semiconductor device 205 is disposed
over the first substrate 202 with a joining member 210 inter-
posed therebetween, and fixed onto the first substrate 202.
Similarly, the second semiconductor device 206 is disposed
over the second substrate 204 with the joining member 210
interposed therebetween, and fixed onto the second substrate
204.

[0037] Within the first semiconductor device 205 and the
second semiconductor device 206, a first MOSFET and a
second MOSFET are respectively formed using a well-
known method of manufacturing semiconductor devices.
These MOSFETs are formed on silicon substrates whose
main component is silicon (Si).

[0038] The third substrate 203 is provided between the first
semiconductor device 205 over the first substrate 202 and the
second semiconductor device 206 over the second substrate
204. As the third substrate 203, an insulated circuit board
where electrical wiring is formed on a surface and in an
interior thereof is used. As the first substrate 202 and the
second substrate 204, insulated substrates are used. It is desir-
able that these insulated substrates are made of a material
having high exoergic property. The first semiconductor
device 205 and the second semiconductor device 206 are
disposed at symmetrical positions with the third substrate 203
interposed therebetween.

[0039] The power module 201 is further provided with
soldering balls 209 that electrically connect the first semicon-
ductor device 205 and the second semiconductor device 206
with the wiring disposed over the third substrate 203. Accord-
ing to this embodiment, the soldering balls 209 whose main
component is soldering are used. However, the soldering balls
209 can be conductive members made of any material and
into any shape as long as the devices and the wiring can be
electrically connected. The wiring formed on or within the
third substrate will not be described in detail for the sake of
simplicity of explanation.

[0040] According to this embodiment, in order to cause the
power module 201 to function as an inverter, the power mod-
ule 201 is further provided with metal wiring for gate signals
211, metal wiring for a P terminal 212, metal wiring foran N
terminal 213, and a busbar 215 for direct coupling to semi-
conductors of upper and lower arms also serving as an output
terminal, and sealed by a resin member 216 using a well-
known method of sealing as shown in FIG. 1. Further, a first
heat sink 217 is formed on a back surface of the first substrate
202 via fixing means such as an adhesive material, and a
second heat sink 218 formed on a back surface of the second
substrate 204 similarly via the fixing means.

[0041] According to this embodiment, a third semiconduc-
tor device and a fifth semiconductor device are further formed
on the first substrate 202 (not shown in FIG. 1). A third
MOSFET and a fifth MOSFET are respectively formed
within the third semiconductor device and the fifth semicon-
ductor device. Similarly, a fourth semiconductor device and a
sixth semiconductor device are further formed on the second
substrate 204 (not shown in FIG. 1). A fourth MOSFET and a
sixth MOSFET are respectively formed within the fourth
semiconductor device and the sixth semiconductor device.
These MOSFETs, similarly to the first and the second MOS-
FET, are respectively formed using a well-known method of
manufacturing semiconductor devices on silicon substrates
whose main component is silicon (Si).
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[0042] The first to sixth MOSFETs thus constitute a three-
phase inverter circuit. The three-phase inverter circuit is
described below with reference to FIG. 2.

[0043] The three-phase inverter circuit is provided with a
first inverter circuit 219 configured by the first semiconductor
device 205 and the second semiconductor device 206, a sec-
ond inverter circuit 220 configured by a third semiconductor
device 2055 and a fourth semiconductor device 2065, and a
third inverter circuit 221 configured by a fifth semiconductor
device 205¢ and a sixth semiconductor device 206¢.

[0044] In the first inverter circuit 219, a first MOSFET
205-1 and a second MOSFET 206-1 are connected in series
via a first connection node N1. According to this embodi-
ment, the MOSFET refers to an N channel MOSFET unless
otherwise stated.

[0045] One electrode of the first MOSFET 205-1 is con-
nected to the first connection node N1, the other electrode is
connected to the metal wiring for the P terminal 212, and a
gate electrode is connected to the metal wiring for gate signals
211. One electrode of the second MOSFET 206-1 is con-
nected to the first connection node N1, the other electrode is
connected to the metal wiring for the N terminal 213, and a
gate electrode is connected to the metal wiring for gate signals
211.

[0046] In the second inverter circuit 220, a third MOSFET
205-15 and a fourth MOSFET 206-15 are connected in series
via a second connection node N2. One electrode of the third
MOSFET 205-15 is connected to the second connection node
N2, the other electrode is connected to the metal wiring for the
P terminal 212, and a gate electrode is connected to the metal
wiring for gate signals 211. One electrode of the fourth MOS-
FET 206-15 is connected to the second connection node N2,
the other electrode is connected to the metal wiring for the N
terminal 213, and a gate electrode is connected to the metal
wiring for gate signals 211.

[0047] In the third inverter circuit 221, a fifth MOSFET
205-1¢ and a sixth MOSFET 206-1c¢ are connected in series
via a third connection node N3. One electrode of the fifth
MOSFET 205-1c¢ is connected to the third connection node
N3, the other electrode is connected to the metal wiring for the
P terminal 212, and a gate electrode is connected to the metal
wiring for gate signals 211. One electrode of the sixth MOS-
FET 206-1c¢ is connected to the third connection node N3, the
other electrode is connected to the metal wiring for the N
terminal 213, and a gate electrode is connected to the metal
wiring for gate signals 211.

[0048] Here, a parasitic diode (not shown in the drawing) is
formed for each MOSFET. The first to third connection nodes
N1, N2, and N3 are connected to the busbar 215 for direct
coupling to the semiconductors of the upper and lower arms
also serving as the output terminal.

[0049] According to such a three-phase inverter circuit of
this embodiment, the first inverter circuit is referred toas a U
phase, the second inverter circuit is referred to as a V phase,
and the third inverter circuit is referred to as a W phase.
Further, the first, third, and fifth MOSFETs 205-1, 205-15,
and 205-1c¢ are referred to as the upper arm, and the second,
fourth, and sixth MOSFETs 206-1, 206-15, and 206-1¢ are
referred to as the lower arm. In the description below, these
names are also used.

[0050] According to this embodiment, the description is
given assuming that the first to sixth semiconductor devices
are separately formed. In this case, the first, third, and fifth
semiconductor devices, i.e., the upper arm, and the second,
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fourth, and fifth semiconductor devices, i.e., the lower arm are
disposed at symmetrical positions with the third substrate 203
interposed therebetween. In addition, it is desirable that the
wiring patterns and such in the respective semiconductor
devices are substantially the same as long as physically pos-
sible. With this, configurations of the devices ofthe upper arm
and the devices of the lower arm become equivalent with the
third substrate 203 interposed therebetween, thereby efficient
radiation can be expected.

[0051] Here, when the first, third, and fifth semiconductor
devices are formed within the single semiconductor device
205 that is formed on the first substrate 202, and the second,
fourth, and sixth semiconductor devices are formed within
the single semiconductor device 206 that is formed on the
second substrate 204, these semiconductor devices 205 and
206 are disposed at symmetrical positions with the third sub-
strate 203 interposed therebetween. Further, it is desirable
that the wiring patterns and such in the respective semicon-
ductor devices are substantially the same as long as physically
possible. The following description is given assuming that the
first, third, and fifth semiconductor devices are formed within
the single semiconductor device 205 that is formed on the first
substrate 202, and the second, fourth, and sixth semiconduc-
tor devices are formed within the single semiconductor
device 206 that is formed on the second substrate 204, for the
sake of simplicity of explanation.

[0052] By disposing the semiconductor devices that con-
stitute the upper arm and the semiconductor devices that
constitute the lower arm of the inverter circuit in this manner
at symmetrical positions with an insulating member such as
the third substrate interposed therebetween, the heat gener-
ated from the semiconductor devices can be efficiently radi-
ated through the both sides of the power module. With this, it
is possible to reduce a thermal resistance and a junction
temperature. As it is further possible to reduce a heat cycle
ATj, a highly reliable power module with longer life duration
and reduced heat cycle can be realized.

[0053] Further, by making the wiring patterns in the respec-
tive semiconductor devices and other components on the first
substrate and the second substrate substantially the same as
long as physically possible, the upper arm and the lower arm
are disposed in a strictly symmetrical manner with the third
substrate interposed therebetween. Therefore, the heat gen-
erated from the semiconductor devices can be efficiently radi-
ated through an upper and a lower surface of the power
module.

[0054] According to this embodiment, each MOSFET uses
a semiconductor device that is formed on a silicon substrate
whose main component is silicon (Si). This type of a semi-
conductor device is currently commonly used and its junction
temperature is around 120 degrees C. However, in the case in
which a substrate made of silicon carbide (SiC) or gallium
nitride (GaN) as a main component is used to improve power
density in order to reduce the size, the junction temperature of
a transistor formed on such a substrate reaches up to 200
degrees C. or higher. In other words, in the case in which a
semiconductor device in which a substrate made of silicon
carbide (SiC) or gallium nitride (GaN) as a main component
is used is applied for the power module, the burden that is
given to the module by the heat cycle dramatically increases
in comparison with the case of the semiconductor device
using a silicon substrate.
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[0055] Itis possible to expect a great benefit by applying the
structure of the present invention to such a power module
using a silicon carbide (SiC) substrate or a gallium nitride
(GaN) substrate.

[0056] Here, a manufacturing method according to this
embodiment is described with reference to FIG. 1.

[0057] The first semiconductor device 205 is stacked over a
semiconductor device attachment surface of a metal wiring
surface of the first substrate 202 with the joining member 210
and a solder foil interposed therebetween. The metal wiring
for gate signals 211, the metal wiring for the P terminal 212,
the metal wiring for the N terminal 213, and the busbar 215
for direct coupling to the semiconductors of the upper and
lower arms also serving as the output terminal are stacked
over with the joining member 210 interposed therebetween.
Subsequently, the joining member 210 is melted and hard-
ened by reflowing using a heater, thereby forming the upper
arm. Similarly, the second semiconductor device 206 and the
metal wiring for gate signals 211, the metal wiring for the P
terminal 212, and the metal wiring for the N terminal 213 are
joined to a semiconductor device attachment surface of the
third substrate 203, thereby forming the lower arm.

[0058] Next, the soldering balls 209 are mounted on the
second semiconductor device 206. Further, the soldering
balls 209 are mounted on a joining portion between the third
substrate 203 and the first semiconductor device 205.

[0059] Then, the first semiconductor device 205 of the
upper arm and the second semiconductor device 206 of the
lower arm are respectively brought into contact with an upper
surface and a lower surface of the third substrate 203 with the
soldering balls 209 interposed therebetween. The busbar 215
for direct coupling to the semiconductors of the upper and
lower arms also serving as the output terminal is attached with
the joining member 210 interposed therebetween, and the
soldering balls 209 and the joining member 210 are melted
and hardened by reflowing using the heater, thereby the semi-
conductor devices of the upper and lower arms are electrically
and thermally joined.

[0060] Subsequently, the resin member 216 is filled into a
mold that is not shown in the drawing and hardened. The resin
member is taken out of the mold after the hardening, and then,
the first heat sink 217 and the second heat sink 218 are fixed
by stacking using such as a heat conductive grease or a heat
conductive sheet (not shown in the drawing) interposed ther-
ebetween, thereby the double-side radiating power module
201 is finished.

[0061] Next, the junction temperature of the semiconductor
device in the case in which the power module according to
this embodiment is operated is described with reference to
FIGS. 3A and 3B and FIG. 4.

[0062] Here,inFIG. 3 A, the first semiconductor device 205
and the second semiconductor device 206 are switched alter-
nately via the metal wiring for gate signals 211, and are not
turned on at the same time. When the first semiconductor
device 205 is turned on, first radiation 226 flows toward the
first heat sink 217, and second radiation 227 flows toward the
second heat sink 218 via the second semiconductor device
206.

[0063] InFIG. 3B, when the second semiconductor device
206 is turned on, third radiation 228 generated by a freewheel-
ing current flowing through a parasitic diode (not shown in the
drawing) of the second semiconductor device 206 flows
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toward the first heat sink 217 via the first semiconductor
device 205, and fourth radiation 229 flows toward the second
heat sink 218.

[0064] FIG. 4 shows a temperature change of the first semi-
conductor device 205. In FIG. 4, a temperature 230 indicated
by a dotted line is a junction temperature of the semiconduc-
tor device when the first semiconductor device 205 radiates
the heat only through one side. As the first radiation 226 and
the second radiation 227 flow toward two directions respec-
tively upward and downward when the first semiconductor
device 205 generates the heat, a maximum junction tempera-
ture becomes lower than the case in which the heat is radiated
only through one side by a temperature Ta (indicated by a
numeral 232 in the figure).

[0065] Next, when the second semiconductor device 206 is
turned on, a minimum junction temperature rises by a tem-
perature Tb due to the third radiation 228 (indicated by a
numeral 233 in the figure).

[0066] As a result, according to this embodiment, the junc-
tion temperatures of the semiconductor chip when the heat is
radiated by the double side radiation is as shown by a thick
line 231 in FIG. 4, and a heat cycle ATja 234 when the heat is
radiated only through one side is reduced down to a heat cycle
ATjb 235. Similarly, in the case of the second semiconductor
device 206, the heat cycle becomes smaller than the heat cycle
ATja 234 when the heat is radiated only through one side (the
heat cycle ATjb 235).

[0067] Next, results of the simulation are described.
[0068] First, a schematic diagram of a power module in
which the first semiconductor device 205 was used for the
simulation of one side radiation only with the first heat sink
217 is shown in FIG. 5, and the result of the simulation of the
junction temperatures is shown in FIG. 6. Conditions for the
simulation were as follow.

[0069] Loss: 20 W

[0070] Switching Time: on for 0.1 sec and off for 0.4 sec
[0071] Simulation Time: 5 sec

[0072] First Semiconductor Device 205: 5 mmx5 mmx0.2
mm

[0073] Insulated Circuit Board 202: 7 mmx7 mmx1.2 mm
[0074] First Heat Sink 217: Aluminum 38 mmx38 mmx32
mm (6 fins whose thickness is 3 mm)

[0075] The copper wiring and the resin member 216 on the
insulated circuit board were not taken into account. Further, a
temperature at a central portion of the first semiconductor 205
was taken as the junction temperature.

[0076] As a result, the junction temperatures were around
40 degrees C. at maximum and around 22 degrees C. at
minimum, the heat cycle ATja (the numeral 234 in FIG. 6) in
the one side radiation became 18 K.

[0077] On the other hand, a schematic diagram of a power
module in which the first semiconductor device 205 was used
for the simulation of double side radiation according to this
embodiment is shown in FIG. 7, and the result of the simula-
tion of the junction temperatures is shown in FIG. 8. Condi-
tions for the simulation were as follow.

[0078] Loss:20W

[0079] Switching Time: on for 0.1 sec and off for 0.4 sec
[0080] Simulation Time: 5 sec

[0081] First Semiconductor Device 205: 5 mmx5 mmx0.2
mm

[0082] Second Semiconductor Device 206: 5 mmx5
mmx0.2 mm
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[0083] Insulated Circuit Boards 202, 203, 204: 7 mmx7
mmx1.2 mm

[0084] First Heat Sink 217: Aluminum 38 mmx38 mmx16
mm (6 fins whose thickness is 3 mm)

[0085] Second Heat Sink 218: Aluminum 38 mmx38
mmx16 mm (6 fins whose thickness is 3 mm)

[0086] The copper wiring and the resin member 216 on the
insulated circuit board were not taken into account. Further,
temperatures at central portions of the first semiconductor
205 and the second semiconductor 206 were taken as the
junction temperatures. Sizes of the first heat sink 217 and the
second heat sink 218 were both set to be half of the heat sink
used for the simulation shown in FIG. 5.

[0087] FIG. 8 shows a junction temperature change 236 due
to the first semiconductor device 205 and a junction tempera-
ture change 237 due to the semiconductor device 206 of the
second semiconductor plotted at the same time. In the simu-
lation, a maximum junction temperature was 34 degrees C.
and a minimum value was 25 degrees C., and the heat cycle
ATja (the numeral 235 in FIG. 8) became 9 K.

[0088] Considering life duration in the one side radiation
and in the double side radiation with reference to a power
cycle longevity curve of the one-side radiating power module
shown in FIG. 9, the life duration is about 15 million times in
one side radiation and about 142 million times in double side
radiation. Consequently, it can be estimated that the power
cycle longevity is increased by about 10 times.

[0089] According to this embodiment, the semiconductor
devices ofthe upper arm and the semiconductor devices of the
lower arm are provided in a symmetrical manner centering
the third substrate. Therefore, residual stresses applied to the
upper surface and the lower surface of the third substrate are
also symmetrical, increasing the power cycle longevity of the
power as a result.

[0090] Asdescribed above, by symmetrically disposing the
semiconductor devices configuring the upper arm of the
inverter and the semiconductor devices configuring the lower
arm of the inverter so as to face toward each other, that is, by
thermally coupling the upper arm and the lower arm, the heat
can be radiated through the both sides of the power module.
Therefore, the maximum junction temperature can be
reduced lower in comparison with the case in which the
semiconductor device is cooled only with one side, thereby
improving the life duration of the power module.

[0091] Applying such a power module described above to a
motor control device can improve the power density of the
motor control device. Further, more accurate control is
demanded increasingly year by year regarding the motor
control, and the heat cycle influences the reliability of the
power module, making an influence on the reliability of the
motor control device requiring accurate control more remark-
able as a result.

[0092] Moreover, the minimum junction temperature can
be increased by alternately switching the semiconductor
devices of the upper and the lower arm, giving a part of the
generated heat to the second semiconductor device 206 that is
being turned off when the first semiconductor device 205 is
turned on, and giving a part of the heat generated by the
freewheeling current flowing through the parasitic diode of
the semiconductor device 206 to the first semiconductor
device 205 that is being turned oft when the second semicon-
ductor device 206 is turned on. As a result, it is possible to
reduce a difference between the maximum junction tempera-
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ture and the minimum junction temperature, i.e., the heat
cycle ATj, and thus the power cycle longevity can be
improved.

[0093] Furthermore, as the semiconductor devices of the
upper arm and the semiconductor devices of the lower arm are
disposed so as to face toward each other and thermally joined,
a space for mounting can be reduced almost down to half.
Further, as an area for connection to the semiconductor
devices is increased as compared to connection using conven-
tional wire bonding, it is advantageous in terms of the radia-
tion.

[0094] FIGS. 10A and 10B are a cross-sectional schematic
diagram of a double-side radiating power module according
to another embodiment. FIG. 10A is a top view of the double-
side radiating module 201, illustrating areas in which upper
and lower arms 219 in the U phase, upper and lower arms 220
in the V phase, and upper and lower arms 221 in the W phase
are respectively formed.

[0095] FIG. 10B shows a cross-sectional view taken along
line A-A'in FIG. 10A. FIG. 10B shows a cross-section of the
first semiconductor device 205 and the second semiconductor
device 206 of the upper and lower arms 219 in the U phase.
The first semiconductor device 205 is thermally joined with a
heat conductive grease or a heat conductive sheet (corre-
sponding to the third substrate) interposed therebetween, and
fixed to the first heat sink 217 using such as a fixing screw 239.
The second semiconductor device 206 is similarly fixed to the
second heat sink 218 using such as the fixing screw 239. A
spacer 238 is dispose between the first heat sink 217 and the
second heat sink 218.

[0096] By disposing the first semiconductor device 205 of
the upper arm and the second semiconductor device 206 of
the lower arm so as to face toward each other, and thermally
joining the upper arm and the lower arm, the heat can be
radiated through the both sides of the discrete semiconductor
devices of the upper and lower arms. Accordingly, it is pos-
sible to lower the maximum junction temperature in compari-
son with the case of cooling the semiconductor chips through
one side, thereby improving the life duration of the power
module.

[0097] Moreover, the minimum junction temperature can
be increased by alternately switching the semiconductor
chips of the upper and the lower arm, giving a part of the
generated heat to the second semiconductor device 206 thatis
being turned off when the first semiconductor device 205 is
turned on, and giving a part of the generated heat to the first
semiconductor device 205 that is being turned off when the
second semiconductor device 206 is turned on. As a result, a
difference between the maximum junction temperature and
the minimum junction temperature, i.e., the heat cycle ATj, is
reduced, and thus the power cycle longevity can be improved.

[0098] Furthermore, by disposing the upper and lower arms
s0 as to face toward each other as described above, a space for
mounting can be reduced almost down to half. In addition, a
volume of the power module can be reduced almost down to
half.

[0099] Further, as an area for connection to the semicon-
ductor chips is increased as compared to connection using
conventional wire bonding, it is advantageous in terms of the
radiation.

[0100] FIG. 11 is a cross-sectional schematic diagram of a
double-side radiating power module according to another
embodiment.
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[0101] Referring to the figure, the power module 201 is
provided with a gate driving element 240 that drives the
MOSFET of each semiconductor device formed on the third
substrate 203, in addition to the structure of the embodiment
described above.

[0102] By disposing an electronic component such as a
chip capacitor, a reactor, or a rectifier diode on the third
substrate 203 in addition to the gate driving element 240, it is
possible to shorten a wiring distance between the gate of the
MOSFET and the gate driving element 240, thereby sup-
pressing an abnormal operation generated by noises. Thus, a
reverse bias of a gate voltage is not necessary, and it is pos-
sible to downsize the power circuit. This downsizing greatly
contributes to downsizing and an improvement of the power
density of the motor control device to which the double-side
radiating power module of this type is applied.

[0103] According to this embodiment, for the first substrate
202, the second substrate 204, and the third substrate 203, a
material such as alumina, silicone nitride, or aluminum
nitride is used as an insulating material and a metal such as
aluminum or copper is used as a wiring material. Such as a
solder foil or a solder paste is used as the joining member 210.

[0104] The semiconductor devices according to this
embodiment have been described taking an example of the
MOSFET (field-effect transistor) having an antiparallel para-
sitic diode. However, the application of the present invention
is not limited to this example, and the present invention is also
applicable to an RC-IGBT, a bipolar transistor, and an IGBT
having an antiparallel diode built-in.

[0105] FIGS. 12A and 12B are a diagram for illustrating
another embodiment. According to this embodiment, an
example in which the double-side radiating power module is
applied to the motor control device is shown.

[0106] Referring to FIG. 12A, the double-side radiating
power module 201 according to the previous embodiment is
applied to a motor control device 241 according to this
embodiment. Further, the motor control device 241 is config-
ured by the first heat sink 217, the second heat sink 218, the
metal wiring for gate signals 211, the metal wiring for the P
terminal 212, the metal wiring for the N terminal 213, a main
circuit capacitor 242, a control circuit board 244, an external
input/output terminal 246, and a casing 247.

[0107] FIG. 12B shows a cross-sectional view taken along
line C-C'in FIG. 12A. The power module 201 is connected to
the control circuit board 244 via the metal wiring 211, the
busbar 215 for direct coupling to the semiconductors of the
upper and lower arms also serving as the output terminal, the
metal wiring for the P terminal 212, and the metal wiring for
the N terminal 213. The power module 201 is connected to a
power source and an electric motor via an input/output ter-
minal that is configured by the fixing screws 239 and termi-
nals 248 respectively of the U phase, the V phase, the W
phase, an R phase, an S phase, and a T phase on the control
circuit board 244. The terminals 248 respectively of the U
phase, the V phase, the W phase, the R phase, the S phase, and
the T phase are connected to the busbar 215 also serving as the
output terminal of the power module 201 via wiring of the
control circuit board 244 (not shown in the drawing).

[0108] The main circuit capacitor 242 is connected to the
control circuit board 244 through a main circuit capacitor
terminal 243, thereby being electrically connected to the
metal wiring 212 and the metal wiring 213. The main circuit
portion is thus configured, and contained within the casing
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247. A controller 245 is attached to a surface of the casing 247
via a controller connecting terminal 246, thereby configuring
the motor control device 241.

[0109] A coolant such as air passes though the main circuit
capacitor 242, the first heat sink 217, and the second heat sink
218 from a lower surface of the casing 247, and then dis-
charged through an upper surface of the casing 247.

[0110] Applying the present invention to the motor control
device as described in this embodiment can improve the
power density of the motor control device. Further, it is pos-
sible to realize a motor control device with increased power
cycle longevity.

[0111] As more accurate control is demanded increasingly
year by year regarding the motor control, the influence of the
heat cycle ATj given to the reliability of the power module is
large. According to the present invention, it is possible to
reduce the heat cycle ATj, making the influence on the reli-
ability of the motor control device requiring accurate control
more remarkable as a result.

[0112] Further, it is possible to provide a fan for the lower
surface or the upper surface of the casing to increase a flow
amount of the coolant, thereby improving cooling efficiency.
[0113] FIG. 13A shows an example in which the double-
side radiating power module 201 according to this embodi-
ment is applied to a water-cooled motor control device. The
power module 201 is disposed adjacent to a cooling tube
through which a cooling fluid flows. According to this
embodiment, water-cooling tubes 249 through which water
flows are used as the cooling tubes. The motor control device
241 has a water cooling structure in which the double-side
radiating power module 201 is sandwiched by the water-
cooling tubes 249 from the both sides of the module. The
control device 241 is electrically connected to the control
circuit board 244 along with the main circuit capacitor 242,
and is provided with the fixing screws 239 and the terminals
248 respectively of the U phase, the V phase, the W phase, the
R phase, the S phase, and the T phase on the control circuit
board 244 . The control device 241 is connected to the power
source and the electric motor via the terminals 248.

[0114] FIG. 13B shows a cross-sectional view taken along
line E-E'in FIG. 13A. The double-side radiating power mod-
ule 201 is sandwiched by the water-cooling tube 249-a and
the water-cooling tube 249-b from the both sides of the mod-
ule respectively with heat conductive greases or heat conduc-
tive sheets interposed therebetween. The heat from the semi-
conductor devices is absorbed to water flows 250 through the
water-cooling tubes 249, and released outside through a
radiator (not shown in the drawing) connected to the water-
cooling tubes 249.

[0115] With the water cooling structure of the double-side
radiating power module according to this embodiment, it is
possible to simplify the water cooling structure and to down-
size the motor control device as compared to a conventional
double-side radiating power module and discrete type.
[0116] On the other hand, FIG. 14A shows an example in
which the power module of a different embodiment using a
discrete semiconductor is applied to the water-cooled motor
control device. The motor control device 241 of this example
has a water cooling structure in which the water-cooling tubes
249 sandwich the first semiconductor device 205 and the
second semiconductor device 206 of the upper and lower
arms 219 in the U phase, the V phase, and the W phase. The
control device 241 is electrically connected to the control
circuit board 244 along with the main circuit capacitor 242,
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and is provided with the fixing screws 239 and the terminals
248 respectively of the U phase, the V phase, the W phase, the
R phase, the S phase, and the T phase on the control circuit
board 244. The control device 241 is connected to the power
source and the electric motor via the terminals 248.

[0117] FIG. 14B shows a cross-sectional view taken along
line F-F' in FIG. 14A. The first semiconductor 205 and the
second semiconductor 206 are sandwiched by the water-cool-
ing tube 249-a and the water-cooling tube 249-5 by respec-
tively applying the first semiconductor 205 and the second
semiconductor 206 to the water-cooling tube 249-a and the
water-cooling tube 249-5 with the heat conductive greases or
the heat conductive sheets interposed therebetween. The heat
from the semiconductor devices is absorbed to the water
flows 250 through the water-cooling tubes 249, and released
outside through a radiator (not shown in the drawing) con-
nected to the water-cooling tubes 249.

[0118] In this manner, with the water cooling structure of
the double-side radiating power module according to this
embodiment, it is also possible to simplify the water cooling
structure and to downsize the motor control device as com-
pared to a conventional double-side radiating power module
and discrete type.

[0119] Although water is used as a coolant in this embodi-
ment, the coolant is not limited to water as long as it is a
cooling fluid.

[0120] FIG. 15 shows a cross-sectional view of the power
module 201 according to another embodiment that is pro-
vided with the features of the double-side radiating power
module shown in FIG. 1 and capable of forming a main circuit
capacitor within the power module. According to the power
module 201 of this embodiment, similarly to the power mod-
ule 201 of FIG. 1, it is possible to realize an advantageous
effect of reducing AT.

[0121] The power module 201 is provided with the first
substrate 202, the second substrate 204, the third substrate
203, the first semiconductor device 205, and the second semi-
conductor device 206. The first semiconductor device 205 is
disposed over the third substrate 203 with the joining member
210 interposed therebetween, and fixed onto the third sub-
strate 203. Similarly, the second semiconductor device 206 is
disposed over the second substrate 204 with the joining mem-
ber 210 interposed therebetween, and fixed onto the second
substrate 204.

[0122] The third substrate 203 is provided between the first
semiconductor device 205 and the second semiconductor
device 206. As the third substrate 203, an insulated circuit
board where a P terminal metallic plate 301, an N terminal
metallic plate 303, and a gate terminal metallic plate 307 are
formed on a surface and electrical wiring is formed in an
interior thereof is used. Further, the metal wiring for the P
terminal 212 and the metal wiring for the N terminal 213 are
disposed over the third substrate 203 with the joining member
210 interposed therebetween, and at symmetrical positions
with the third substrate 203 interposed therebetween. As the
first substrate 202 and the second substrate 204, insulated
substrates are used. It is desirable that these insulated sub-
strates are made of a material having high exoergic property.
[0123] The power module 201 is further provided with the
soldering balls 209 that electrically connect the first semicon-
ductor device 205 with the wiring disposed over the first
substrate 202. This also applies to the second semiconductor
device 206 and the third substrate 203. According to this
embodiment, the soldering balls 209 whose main component
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is soldering are used. However, the soldering balls 209 can be
conductive members made of any material and into any shape
as long as the devices and the wiring can be electrically
connected. The wiring formed on or within the third substrate
203 will not be described in detail for the sake of simplicity of
explanation.

[0124] According to this embodiment, in order to cause the
power module 201 to function as an inverter, the power mod-
ule 201 is further provided with the metal wiring for gate
signals 211, the metal wiring for the P terminal 212, the metal
wiring for the N terminal 213, and the busbar 215 for direct
coupling to semiconductors of upper and lower arms also
serving as an output terminal, and sealed by the resin member
216 using a well-known method of sealing as shown in FIG.
15. Further, the first heat sink 217 is formed on a back surface
of'the first substrate 202 via fixing means such as an adhesive
material, and the second heat sink 218 is formed on a back
surface of the second substrate 204 similarly via the fixing
means such as an adhesive material.

[0125] The third substrate 203 is joined to the metal wiring
forthe P terminal 212 to its upper surface and the metal wiring
for the N terminal 213 to its back surface with the joining
members 210 interposed therebetween. The substrate 204
between the metal wiring for the P terminal 212 and the metal
wiring for the N terminal 213 is able to constitute an accu-
mulation element in order to fix and insulate the terminals,
and working in place of the main circuit capacitor by charges
being accumulated between the metal wiring for the P termi-
nal 212 and the metal wiring for the N terminal 213 by using
a dielectric material as a material of the substrate.

[0126] Further, the third substrate 203 is not particularly
limited as long as it is made of an insulating material such as
aluminum nitride (AIN), alumina (A1203), or beryllia (BeO).
[0127] The first to sixth MOSFETsS thus constitute a three-
phase inverter circuit. The three-phase inverter circuits have
been described for the power module 201 of FIG. 1, and
therefore will not be repeated here.

[0128] According to this embodiment, the description is
given assuming that the first to sixth semiconductor devices
are separately formed. In this case, the first, third, and fifth
semiconductor devices, i.e., the upper arm, and the second,
fourth, and sixth semiconductor devices, i.e., the lower arm
are disposed at equivalent positions centering the third sub-
strate 203. In addition, it is desirable that the wiring patterns
and such in the respective semiconductor devices are substan-
tially the same as long as physically possible. With this,
configurations of the devices of the upper arm and the devices
of the lower arm become equivalent with the third substrate
203 interposed therebetween, thereby efficient radiation can
be expected.

[0129] Here, when the first, third, and fifth semiconductor
devices are formed within the single semiconductor device
205 that is formed on the third substrate 203, and the second,
fourth, and sixth semiconductor devices are formed within
the single semiconductor device 206 that is formed on the
second substrate 204, these semiconductor devices 205 and
206 are disposed at equivalent positions by stacking the first
substrate 202, the third substrate 203, and the second sub-
strate 204 in the stated order, thereby the upper arm and lower
arm are disposed at equivalent positions. Further, it is desir-
able that the wiring patterns and such in the respective semi-
conductor devices are substantially the same as long as physi-
cally possible. The following description is given assuming
that the first, third, and fifth semiconductor devices are
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formed within the single semiconductor device 205 that is
formed on the third substrate 203, and the second, fourth, and
sixth semiconductor devices are formed within the single
semiconductor device 206 that is formed on the second sub-
strate 204, for the sake of simplicity of explanation.

[0130] Similarly to the embodiment shown in FIG. 1, by
disposing the semiconductor devices that constitute the upper
arm and the semiconductor devices that constitute the lower
arm of the inverter circuit at symmetrical positions with an
insulating member such as the third substrate interposed ther-
ebetween, the heat generated from the semiconductor devices
can be efficiently radiated through the both sides of the power
module. With this, it is possible to reduce a thermal resistance
and a junction temperature. As it is further possible to reduce
the heat cycle ATj, a highly reliable power module with
longer life duration and reduced heat cycle can be realized.
[0131] Further, by making the wiring patterns in the respec-
tive semiconductor devices and other components on the first
substrate and the second substrate substantially the same as
long as physically possible, the upper arm and the lower arm
are disposed in a symmetrical manner with the third substrate
interposed therebetween. Therefore, the heat generated from
the semiconductor devices can be efficiently radiated through
an upper and a lower surface of the power module.

[0132] FIG. 16 shows a cross-sectional view of the power
module 201 of yet another embodiment. According to this
embodiment, the power module for increasing an amount of
charge accumulated in the third substrate 203 is explained.
[0133] The power module 201 shown in FIG. 16 has the
same structure as the power module 201 shown in FIG. 15
other than the third substrate 203. FIG. 17 shows a structural
diagram of the third substrate 203 according to this embodi-
ment.

[0134] The third substrate 203 of FIG. 17 is provided with
the P terminal metallic plate 301, the N terminal metallic plate
303, the gate signal metallic plate 307 electrically connected
to the second semiconductor device 206 shown in FIG. 16
with the soldering balls 209, a first insulating material 304
that insulates a P potential and an N potential, and a second
insulating material 306 having a high dielectric constant that
insulates a P terminal metallic plate 305, the N terminal
metallic plate 303, a P terminal metallic inner layer plate 308,
or an N terminal metallic inner layer plate 309. The first
semiconductor device 205 is connected to the P terminal
metallic plate 301 with the joining member 210 interposed
therebetween. The N terminal metallic plate 303 is electri-
cally joined to the second semiconductor device 206 with the
soldering balls 209.

[0135] Further, the gate terminal metallic plate 307 is elec-
trically joined to the second semiconductor device 206 with
the soldering balls 209. The gate terminal metallic plate 307
is disposed laterally with an insulation distance from the N
terminal metallic plate 303.

[0136] The P terminal metallic plate 301 and the P terminal
metallic inner layer plate 308 are joined with a P terminal
metallic side plate 302 and a wax member interposed ther-
ebetween. Similarly, the N terminal metallic plate 303 and the
N terminal metallic inner layer plate 309 are joined with the N
terminal metallic side plate 305 and the wax member inter-
posed therebetween (not shown in FIG. 16 and FIG. 17).
[0137] Further, the second insulating material 306 is not
particularly limited as long as it is made of an insulating
material such as aluminum nitride (AIN), alumina (A1203),
or beryllia (BeO).
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[0138] The thickness of the second insulating material 306
can be such that the insulation distance between the P poten-
tial and the N potential is maintained and the insulation can be
realized. As a thinner insulating material can accumulate a
greater amount of charge, it is desirable that the thickness of
the insulating material is minimum.

[0139] The P terminal metallic plate 301 and the N terminal
metallic plate 303 are respectively disposed above and below
the third substrate 203 shown in FIG. 17, and the second
insulating material 306 whose dielectric constant is high are
disposed alternately overlapping on each other between the P
terminal metallic inner layer plate 308 and the N terminal
metallic inner layer plate 309. Such as the wax member is
used for joining the P terminal metallic plate 301, the N
terminal metallic plate 303, the gate terminal metallic plate
307, the P terminal metallic inner layer plate 308, or the N
terminal metallic inner layer plate 309 with the second insu-
lating material 306.

[0140] Further, the joining member is not limited to the wax
member as long as it can join a metallic plate with an insu-
lating material.

[0141] Moreover, the P terminal metallic side plate 302 and
N terminal metal 309 are insulated by the first insulating
material 304. Similarly, the N terminal metallic side plate 305
and the P terminal metal 308 are also insulated by the first
insulating material 304. The first insulating material 304 is
not particularly limited as long as it is made of an insulating
material such as aluminum nitride (AIN), alumina (A1203),
or beryllia (BeO).

[0142] Here, the manufacturing method according to this
embodiment is described with reference to FIG. 17. However,
the description is given only to a portion of the third substrate
203.

[0143] The first semiconductor device 205 is stacked over a
semiconductor device attachment surface of a metal wiring
surface of the third substrate 203 with the joining member 210
and a solder foil interposed therebetween. The metal wiring
for the P terminal 212 and the metal wiring for the N terminal
213 are stacked over with the joining member 210 interposed
therebetween. Subsequently, the joining member 210 is
melted and hardened by reflowing using a heater, thereby
forming an upper portion. Similarly, the metal wiring for the
N terminal 213, the gate terminal metallic plate 307, and the
metal wiring for gate signals 211 are joined to the N terminal
metallic plate 303 of the semiconductor device attachment
surface of the metal wiring surface of the third substrate 203
with the joining member 210 interposed therebetween,
thereby forming a lower portion. Moreover, the metal wiring
for the P terminal 212 and the metal wiring for the N terminal
213 are disposed substantially symmetrical with the third
substrate 203 interposed therebetween.

[0144] Next, the N terminal metallic plate 303 and the gate
signal metallic plate 307 are disposed laterally with an insu-
lation distance therebetween, and the second insulating mate-
rial 306 is disposed over the N terminal metallic plate 303 and
the gate terminal metallic plate 307 to join the N terminal
metallic plate 303 and the gate terminal metallic plate 307
with the wax member. The second insulating material 306 is
shortened by a length for disposing the first insulating mate-
rial 304 in order to maintain the insulation between the P
terminal metallic inner layer plate 308 and the N terminal
metallic side plate 305.

[0145] The wax member is used for joining the metallic
plate and the insulating material, but the joining member is
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not limited to the wax member as long as it can join the
metallic plate with the insulating material.

[0146] Next, the P terminal metallic inner layer plate 308 is
disposed over the second insulating material 306, and spaces
for disposing the first insulating material 304 and the P ter-
minal metallic side plate 302 on the both sides as shown in
FIG. 17 are maintained and the length is determined.

[0147] Then, the second insulating material 306 is similarly
disposed over the P terminal metallic inner layer plate 308,
and joined with the wax member. Here, the space is main-
tained to insulate between the P terminal metallic inner layer
plate 308 and the N terminal metallic side plate 305, and the
first insulating material 304 is disposed in this space.

[0148] Next, the N terminal metallic inner layer plate 309
and the second insulating material 306 are disposed in the
stated order, and after joining using the wax member, the first
insulating material 304 is disposed in the space maintained to
insulate between the N terminal metallic inner layer plate 309
and the P terminal metallic side plate 302. The P terminal
metallic plate 301 to which the first semiconductor device 205
is connected is disposed over the second insulating material
306, and joined with the wax member.

[0149] Finally, the P terminal metallic plate 301, the P
terminal metallic inner layer plate 308, and the P terminal
metallic side plate 302 are joined with the wax members.
Similarly, the N terminal metallic plate 303, the N terminal
metallic inner layer plate 309, and the N terminal metallic
side plate 305 are also joined with the wax members. Thus,
the third substrate 203 is formed.

[0150] It is possible to stack any number of the second
insulating material 306, the P terminal metallic inner layer
plate 308, and the N terminal metallic inner layer plate 309
that are stacked in this manner. By stacking any desired num-
ber, it is possible to increase the amount of charge that can be
accumulated, and to realize a downsized power module with
longer life duration as an inverter or a servo amplifier.
[0151] In the third substrate 203 shown in FIG. 18, by
decreasing an area of the first insulating material 304 of the
third substrate 203 shown in FIG. 17 and increasing an area of
the second insulating material 306, it is possible to accumu-
late the greater amount of charge as well as to simplify manu-
facturing steps. The basic manufacturing method is substan-
tially the same.

[0152] According to the third substrate 203 shown in FIG.
18, the manufacturing steps are simplified by modifying an
internal structure of the third substrate 203 shown in FIG. 17.
The manufacturing method should be understood with refer-
ence to the above description. In the example shown in FIG.
17, the first insulating material 304 insulates the P potential
and the N potential using a thickness corresponding to three
layers of the second insulating material 306, the P terminal
metallic inner layer plate 308 or the N terminal metallic inner
layer plate 309, and the second insulating material 304. How-
ever, in the example shown in FIG. 18, the first insulating
material 304 is disposed with a thickness corresponding only
to a single layer of the P terminal metallic inner layer plate
308 or the N terminal metallic inner layer plate 309, and a
greater amount of the second insulating material 306 is
stacked. With this, as compared to the power module 201
shown in FIG. 17, the example shown in FIG. 18 can accu-
mulate an increased amount of charge in the third substrate
203 with the same geometry.

[0153] According to the above embodiment, it is possible to
reduce a thermal resistance and a junction temperature by
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radiating the heat generated from the semiconductor devices
through the both sides of the power module. As it is further
possible to reduce the heat cycle ATj, a highly reliable power
module with longer life duration and reduced heat cycle can
be realized.

[0154] Further, according to the above embodiment, it is
possible to provide the three-phase inverter used for the motor
control device in which the influence of the heat cycle ATj
given to the reliability of the power module is large. Further,
more accurate control is demanded increasingly year by year
regarding the motor control, and the heat cycle ATj influences
the reliability of the power module, making an influence on
the reliability of the motor control device requiring accurate
control more remarkable as a result.

[0155] Moreover, according to the above embodiment, the
parasitic diode formed in the FET can be used as the free-
wheeling diode, and therefore it is possible to realize a further
downsized power module.

[0156] Furthermore, according to the above embodiment,
the device that drives the FET can be disposed close to the
FET, the wiring distance between these components can be
decreased. As a result, it is possible to reduce wiring noises.
[0157] Further, according to the above embodiment, it is
possible to further accelerate the radiation eftect of the power
module.

[0158] Moreover, according to the above embodiment, it is
possible to improve the power density of the motor control
device. Further, as described above, more accurate control is
demanded increasingly year by year regarding the motor
control, and the heat cycle ATj influences the reliability of the
power module, making an influence on the reliability of the
motor control device requiring accurate control more remark-
able as a result.

[0159] Furthermore, according to the above embodiment,
the power density of the motor control device can be
improved, and it is possible to realize a motor control device
with increased power cycle longevity.

[0160] Further, according to the above embodiment, the
first semiconductor device and the second semiconductor
device are disposed at symmetrical positions with the third
substrate interposed between. Therefore, by turning one FET
off while the other is turned on, the heat generated from the
FET that is being turned on is efficiently radiated to the side of
the substrate on which the FET that is being turned off is
mounted.

[0161] Moreover, according to the above embodiment, the
heat generated from the FETs are radiated through both sides
of the substrate, and it is possible to realize a power module
with the reduced difference between the minimum tempera-
ture and the maximum temperature of the heat junction tem-
peratures, that is, the heat cycle ATj.

[0162] According to the invention of claim 11, in addition
to the effect obtained by the inventions of claims 2 to 4, by
turning one FET on while the other is turned off, the heat
generated from the FET that is being turned on is efficiently
radiated to the side of the substrate on which the FET that is
being turned off is mounted.

[0163] Moreover, according to the above embodiment, the
heat generated from the FETs are radiated through both sides
of the substrate, and it is possible to realize a power module
with the reduced difference between the minimum tempera-
ture and the maximum temperature of the heat junction tem-
peratures, that is, the heat cycle ATj.
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[0164] Furthermore, according to the above embodiment,
the FET that constitutes the upper arm and the FET that
constitutes the lower arm are disposed symmetrically to each
other with the substrate interposed therebetween. Therefore,
by turning one FET on while the other is turned off, the heat
generated from the FET that is being turned on is efficiently
radiated to the side of the substrate on which the FET that is
being turned off is mounted.

[0165] Further, according to the above embodiment, it is
possible to reduce the thermal resistance and the junction
temperature by radiating the heat generated from the semi-
conductor devices through the both sides of the power module
with the semiconductor device using SiC or GaN whose
junction temperature becomes higher than that of a semicon-
ductor device using Si. As it is further possible to reduce the
heat cycle ATj, a highly reliable power module with longer
life duration and reduced heat cycle can be realized.

[0166] Moreover, according to the above embodiment, the
power density can be improved, and it is possible to realize a
motor control device with increased power cycle longevity.
[0167] Furthermore, according to the above embodiment, it
is possible to reduce the thermal resistance and the junction
temperature by radiating the heat generated from the semi-
conductor devices through the both sides of the power mod-
ule. As it is further possible to reduce the heat cycle ATj, a
highly reliable power module with longer life duration and
reduced heat cycle can be realized.

[0168] Further, according to the above embodiment, it is
possible to accumulate a charge in the third substrate that is
equivalent to that of the main circuit capacitor. Therefore, it is
possible to reduce ripples and to suppress a rise of a voltage
between the main circuits in regeneration, thereby stabilizing
the voltage between the main circuits. In addition, it is pos-
sible to downsize electrolytic capacitors in the main circuits
outside the power module.

[0169] Moreover, according to the above embodiment, it is
possible to accumulate a greater amount of charge between
the main circuits by increasing the number of dielectric mate-
rial layers in the third substrate. Therefore, it is possible to
eliminate the necessity of the electrolytic capacitors in the
main circuits outside the power module, thereby downsizing
a size of and increasing the life duration of an entire system of
an inverter or a servo amplifier.

[0170] Obviously, numerous modifications and variations
of the present invention are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be practiced
otherwise than as specifically described herein.

What is claimed as new and is desired to be secured by
Letters Patent of the United States is:

1. A power module comprising:

a first semiconductor device provided with a first FET;

a first substrate on a surface of which the first semiconduc-
tor device is disposed;

a second semiconductor device provided with a second
FET that is electrically connected in series to the first
FET;

a second substrate on a surface of which the second semi-
conductor device is disposed; and

a third substrate disposed between the first semiconductor
device on the first substrate and the second semiconduc-
tor device on the second substrate, the third substrate
being electrically connected to the first FET and the
second FET, wherein
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the first semiconductor device and the second semiconduc-
tor device are disposed at symmetrical positions with
third substrate interposed therebetween

afirst metallic plate and a second metallic plate are respec-
tively disposed on a surface of the third substrate and a
back surface facing away of the surface, and the first
metallic plate and the second metallic plate are respec-
tively connected with the first semiconductor device and
the second semiconductor device,

the third substrate has a function of a capacitor for accu-
mulating a charge, and

a plurality of metallic layers and a plurality of insulation
layers are formed between the first metallic plate and the
second metallic plate.

2. The power module according to claim 1, further com-

prising:

a first inverter circuit provided with the first FET, the sec-
ond FET, and a first connection node to which the first
FET and the second FET are connected;

a second inverter circuit provided with a third FET formed
within a third semiconductor device disposed on the first
substrate, and a fourth FET formed within a fourth semi-
conductor device disposed on the second substrate and
electrically connected in series to the third FET, and a
second connection node to which the third FET and the
fourth FET are connected; and

a third inverter circuit provided with a fifth FET formed
within a fifth semiconductor device disposed on the first
substrate, a sixth FET formed within a sixth semicon-
ductor device disposed on the second substrate and elec-
trically connected in series to the fifth FET, and a third
connection node to which the fifth FET and the sixth
FET are connected, wherein

the first to third connection nodes are connected to an
output terminal.

3. The power module according to claim 2, wherein

the first to sixth FETs are respectively provided with para-
sitic diodes.

4. The power module according to claim 3, wherein

on the third substrate, elements for driving the first to sixth
FETs are mounted.

5. The power module according to claim 4, further com-

prising:

afirstheat sink formed on a back surface facing away of the
surface of the first substrate; and

a second heat sink formed on a back surface facing away of
the surface of the second substrate.

6. A control device for a motor that controls the motor using

the power module according to claim 5.

7. The control device for a motor according to claim 6,

wherein

the power module is disposed adjacent to a cooling tube
through which a cooling fluid flows.

8. The control device for a motor according to claim 7,

wherein

the cooling tube is provided with a first cooling unit and a
second cooling unit, and

the power module is disposed between the first cooling unit
and the second cooling unit.

9. A method of controlling the power module according to

claim 1, comprising:

afirst step in which the second FET is substantially in an off
state when the first FET is turned on; and
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a second step in which the first FET is substantially in an off
state when the second FET is turned on.

10. The method of controlling a power module according

claim 9, wherein

the first step and the second step are alternately repeated.

11. A power module comprising:

a first semiconductor device configured by SiC or GaN as
a material;

a first substrate on a surface of which the first semiconduc-
tor device is disposed;

a second semiconductor device electrically connected in
series to the first semiconductor device and configured
by SiC or GaN as a material;

a second substrate on a surface of which the second semi-
conductor device is disposed; and

a third substrate disposed between the first semiconductor
device on the first substrate and the second semiconduc-
tor device on the second substrate, and electrically con-
nected to the first semiconductor device and the second
semiconductor device, wherein

the first semiconductor device and the second semiconduc-
tor device are disposed at symmetrical positions with
third substrate interposed therebetween,

a first metallic plate and a second metallic plate are respec-
tively disposed on a surface of the third substrate and
aback surface facing away of the surface, and the first
metallic plate and the second metallic plate are respec-
tively connected with the first semiconductor device and
the second semiconductor device,

the third substrate has a function of a capacitor for accu-
mulating a charge, and

a plurality of metallic layers and a plurality of insulation
layers are formed between the first metallic plate and the
second metallic plate.

12. The power module according to claim 11, wherein

the power module is disposed adjacent to a cooling tube
through which a cooling fluid flows.

13. The power module according to claim 12, wherein

the cooling tube is provided with a first cooling unit and a
second cooling unit, and

the power module is disposed between the first cooling unit
and the second cooling unit.

14. A power module comprising:

a first semiconductor device provided with a first FET,

a first substrate electrically connected to the first semicon-
ductor device;

a second semiconductor device provided with a second
FET;

a second substrate on a surface of which the second semi-
conductor device is disposed; and

a third substrate on a surface of which and a back surface
facing away of the surface a first metallic plate and a
second metallic plate are respectively disposed, the first
metallic plate and the second metallic plate being
respectively connected with the first semiconductor
device and the second semiconductor device, wherein

the third substrate has a function of a capacitor for accu-
mulating a charge, and

a plurality of metallic layers and a plurality of insulation
layers are formed between the first metallic plate and the
second metallic plate.
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