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(54) ELECTRIC POWER CONVERSION APPARATUS

(57) An electric power conversion apparatus in-
cludes: a channel case in which a cooling water channel
is formed; a double side cooling semiconductor module
500 that comprises an upper and lower arms series circuit
50 of an inverter circuit 44-46; a capacitor module 390;
a direct current connector 38; and an alternate current
connector 88. The semiconductor module 500 comprises
a first and a second heat dissipation metals 522, 562
whose outer surfaces are heat dissipation surfaces, the
upper and lower arms series circuit 50 is disposed tightly
between the first heat dissipation metal 522 and the sec-
ond heat dissipation metal 562, and the semiconductor
module 500 further comprises a direct current positive
terminal 57, a direct current negative terminal 58, and an
alternate current terminal 59 which protrude to outside.
The channel case is provided with the cooling water chan-
nel which extends from a cooling water inlet 246 to a
cooling water outlet 248, and a first opening 237 which
opens into the cooling water channel.
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Description

[0001] The disclosure of the following priority applica-
tion is herein incorporated by reference:

Japanese Patent Application No. 2008-061185 filed-
March 11, 2008

[0002] The present invention relates to an electric pow-
er conversion apparatus that includes an inverter circuit.
[0003] As a conventional technology intended to in-
crease heat dissipation efficiency of a semiconductor
module by efficiently transferring heat from the semicon-
ductor module to a cooler, patent reference literature 1
(Japanese Laid Open Patent Publication
No.2005-175163) discloses, for example, a cooling
structure. According to the description of patent refer-
ence literature 1, a semiconductor module is inserted in
a hole formed in a cooler for inserting a semiconductor
module to allow heat to be released from a surface of the
semiconductor module that abuts the hole for inserting
the module. More particularly, a layer of soft metal is ap-
plied on the surface of the semiconductor module that
abuts the hole for inserting the module so that heat is
released to the cooler through the layer of the soft metal.
[0004] A conventional technology intended to balance
the cooling efficiency and the assemblability of a semi-
conductor element for use in an inverter includes, for ex-
ample, an inverter disclosed inpatent reference literature
2. According to the description of patent reference liter-
ature 2 (Japanese Laid Open Patent Publication
No.2005-237141), an accommodating portion that ac-
commodates a power card of which both sides of a sem-
iconductor device are sandwiched by heat dissipation
plates and a cycling path that circulates a coolant around
the power card is formed, and an insulating resin is filled
between the power card and the accommodating portion,
and the insulating resin is cured to fix the power card.
[0005] A conventional technology for a cooling struc-
ture intended to improve cooling capacity with a de-
creased burden of assembling a semiconductor module
is disclosed in, for example, patent reference literature
3. According to the description of patent reference liter-
ature 3 (Japanese Laid Open Patent Publication No.
2006-202899), a block is provided in which a semicon-
ductor module is housed inside thereof and heat dissi-
pation planes are provided on its front and rear sides to
dissipate Joule heat generated in the semiconductor
module. The block is inserted into a cooling water channel
formed in a case so as to cause the front and rear sides
of the block to face the cooling water channel.
[0006] A conventional technology of a cooling structure
that is capable of cooling a smoothing capacitor as well
as cooling both sides of a semiconductor module is dis-
closed in, for example, patent reference literature 4 (Jap-
anese Laid Open Patent Publication No.2001-352023).
According to the description of patent reference literature
4, semiconductor modules are provided on each side of

a smoothing capacitor, and a switchback-shaped flat
coolant tube is used to form a coolant channel along the
both sides of the semiconductor modules and along the
smoothing capacitor, achieving a high level of heat dis-
sipation efficiency without leakage.
[0007] In recent years, in automobiles, for example,
various in-vehicle systems for vehicles including a drive
system for a vehicle are operated electrically. In order to
electrically operate the in-vehicle systems, it becomes
necessary to add freshly or in place of a component of
the conventional system an electrical machine that drives
a driven body and an electric power conversion appara-
tus that controls the power supplied to a rotating electrical
machine from an in-vehicle power source in order to con-
trol driving of the rotating electrical machine.
[0008] The electric power conversion apparatus, e.g.
for an automobile, has functions to convert direct current
power supplied from the in-vehicle power source to al-
ternating current power for driving a rotating electrical
machine and to convert alternating current power gen-
erated by the rotating electrical machine to direct current
power for supplying to the in-vehicle power source. While
electrical energy converted by an electric power conver-
sion apparatus tends to increase, automobiles tend to be
small in size and weight in general. Thus, increase in size
and weight of an electric power conversion apparatus is
limited. An in-vehicle electric power conversion appara-
tus, in comparison with an industrial one, is required to
be used in an environment with great temperature
change. Therefore, an electric power conversion appa-
ratus relatively small in size that converts high power and
assures a high level of reliability even in a high-temper-
ature environment is required.
[0009] The electric power conversion apparatus in-
cludes an inverter circuit and performs power conversion
between direct current power and alternating current
power by the operation of the inverter circuit. In order to
perform this power conversion, it is necessary to repeat
action of switching between a blocked state and a con-
duction state of a power semiconductor that constitutes
the inverter circuit (switching action). When the switching
action is performed, a large amount of heat is generated
in the power semiconductor. Because of the heat gener-
ated by a semiconductor chip, which is the power semi-
conductor of the inverter circuit, upon the switching ac-
tion, the temperature of the semiconductor chip is in-
creased. For this reason, it is important to prevent this
temperature increase.
[0010] According as power to be converted increases,
the amount of heat generated in the semiconductor chip
increases. To cope with this, it is necessary to increase
the size of the semiconductor chip or the number of the
semiconductor chips to be used, resulting in an increase
in size of the electric power conversion apparatus. As a
measure of preventing such an increase in size of the
electric power conversion apparatus, it is conceivable to
improve cooling efficiency of the semiconductor chips.
[0011] For example, patent reference literatures 1 to 3
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present proposals to increase the cooling efficiency of
the semiconductor chips. Although improvement in cool-
ing efficiency of a semiconductor chip obviously leads to
miniaturization in the semiconductor chip, it does not nec-
essarily contribute to size reduction of the overall electric
power conversion apparatus. For instance, an improve-
ment in cooling efficiency of a semiconductor chip may
result in a complex structure of the overall electric power
conversion apparatus. Thus, although the semiconduc-
tor chip may be miniaturized, the overall electric power
conversion apparatus may not be miniaturized signifi-
cantly.
[0012] Accordingly, in order to prevent an increase in
size of the overall electric power conversion apparatus,
it is necessary to improve the cooling efficiency of the
semiconductor chip with the overall electric power con-
version apparatus considered, and necessary to prevent
electrical or mechanical complexity in the overall electri-
cal power conversion apparatus. The electrical complex-
ity results from, for example, complex electrical wiring
between the semiconductor module having a semicon-
ductor chip incorporated therein and a capacitor module,
a driver board, or an alternate current connector. The
mechanical complexity results from complex mounting
of a semiconductor module to the channel case or com-
plex mounting of a capacitor module.
[0013] In the technologies disclosed in the patent ref-
erence literatures 1 to 3, miniaturization of the overall
electric power conversion apparatus is not sufficiently
considered, and specific disclosure of the disposition of
capacitor modules or the cooling structure is insufficient.
The patent reference literature 4 discloses a disposition
structure in which the cooling of a smoothing capacitor,
in addition to the cooling of a semiconductor module, is
intended. However, the disposition structure does not
adopt a water-cooling method but employs a cooling
method with which the semiconductor module and the
smoothing capacitor are cooled through a coolant tube
connected to a coolant pipe of an external refrigeration
cycle device. Furthermore, an arrangement of other com-
ponents such as a circuit board that is connected to the
semiconductor module is not elaborated, thereby leaving
an issue in miniaturization of the overall electric power
conversion apparatus.
[0014] The present invention is to provide a technology
for miniaturization of an overall electric power conversion
apparatus. The electric power conversion apparatus ac-
cording to an embodiment of the present invention de-
scribedhereinafter intends to provide not only the tech-
nology for miniaturization but also improvement in relia-
bility, productivity, and cooling efficiency, which are nec-
essary to commercialize the device.
[0015] An electric power conversion apparatus accord-
ing to a first aspect of the present invention comprises:
a channel case in which a cooling water channel is
formed; a double side cooling semiconductor module that
comprises an upper and lower arms series circuit of an
inverter circuit; a capacitor module; a direct current con-

nector; and an alternate current connector, wherein: the
semiconductor module comprises a first and a second
heat dissipation metals whose outer surfaces are heat
dissipation surfaces, the upper and lower arms series
circuit is disposed tightly between the first heat dissipa-
tion metal and the second heat dissipation metal, and
the semiconductor module further comprises a direct cur-
rent positive terminal, a direct current negative terminal,
and an alternate current terminal which protrude to out-
side; and the channel case is provided with the cooling
water channel which extends from a cooling water inlet
to a cooling water outlet, and a first opening which opens
into the cooling water channel.
[0016] According to a second aspect of the present
invention, in the electric power conversion apparatus ac-
cording to the first aspect, the semiconductor module is
inserted into the cooling water channel through the first
opening in a removable manner; the channel case is fur-
ther provided with a second opening through which the
capacitor module is placed; the first opening for the sem-
iconductor module is disposed on both sides of the sec-
ond opening for the capacitor module; and a plurality of
the semiconductor module are arranged through the first
opening provided on the both sides so that a long side
of the first heat dissipation metal and the second heat
dissipation metal of each of the semiconductor modules
is set along a direction along which cooling water flows.
[0017] According to a third aspect of the present inven-
tion, in the electric power conversion apparatus accord-
ing to the first aspect, the semiconductor module is in-
verted into the cooling water channel through the first
opening in a removable manner; the channel case is fur-
ther provided with a second opening through which the
capacitor module is placed; the first opening for the sem-
iconductor module is disposed on both sides of the sec-
ond opening for the capacitor module; and a driver board,
on which a drive element for driving the inverter circuit
constituted with the upper and lower arms series circuit
is mounted, is provided on an upper surface of the ca-
pacitor module placed through the second opening, and
a control board, on which a control element for controlling
the inverter circuit is mounted, is provided on the driver
board.
[0018] According to a fourth aspect of the present in-
vention, in the electric power conversion apparatus ac-
cording to the first aspect, the semiconductor module is
inserted into the cooling water channel through the first
opening in a removable manner; the channel case is fur-
ther provided with a second opening through which the
capacitor module is placed; the first opening for the sem-
iconductor module is disposed on both sides’ of the sec-
ond opening for the capacitor module; and each of the
first heat dissipation metal and the second heat dissipa-
tion metal of the semiconductor module comprises, in its
outer surface, a fin-shaped part with recesses through
which the cooling water flows, and the semiconductor
module is inserted firmly through the first opening on the
both sides.
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[0019] According to a fifth aspect of the present inven-
tion, in the electric power conversion apparatus accord-
ing to the first aspect, the semiconductor module is in-
serted into the cooling water channel through the first
opening in a removable manner; the channel case is fur-
ther provided with a second opening through which the
capacitor module is placed; the first opening for the sem-
iconductor module is disposed on both sides of the sec-
ond opening for the capacitor module; and a positive ter-
minal and a negative terminal of the capacitor module
are connected to the direct current positive terminal and
the direct current negative terminal of the semiconductor
module respectively through a connecting member iden-
tical to one another in shape and in length.
[0020] According to a sixth aspect of the present in-
vention, in the power conversion device according to the
fifth aspect, the capacitor module houses a plurality of
capacitor blocks; and a positive terminal and a negative
terminal of each of the capacitor blocks are connected
to the direct current positive terminal and the direct cur-
rent negative terminal of each of the semiconductor mod-
ules respectively through a connecting member identical
to one another in shape and in length.
[0021] According to a seventh aspect of the present
invention, in the electric power conversion apparatus ac-
cording to the first aspect, in addition to the first opening
provided on the both sides of the second opening for the
capacitor module, a return opening is provided to link the
first opening on one side and the first opening on another
side with each other, and the cooling water channel is
configured so that the cooling water makes U-turns at
three locations throughout the cooling water channel.
[0022] According to a eighth aspect of the present in-
vention, in the electric power conversion apparatus ac-
cording to the seventh aspect, the cooling water inlet and
the cooling water outlet are provided on a front side sur-
face of the channel case, with one of the cooling water
inlet and the cooling water outlet disposed on either right
or left side of the front side surface, and the return opening
is provided on a front side of the channel case; the sem-
iconductor modules comprise a first semiconductor mod-
ule disposed on the one side of the second opening for
the capacitor module, and a second semiconductor mod-
ule disposed on the other side of the second opening for
the capacitor module, with the second heat dissipation
metal of each of the first and second semiconductor mod-
ules facing toward the capacitor module; and the cooling
water channel is’ configured so that the cooling water
flows in order from the cooling water inlet, a first heat
dissipation metal of the first semiconductor module, a
secondheat dissipationmetal of the first semiconductor
module, a path formed by the return opening on the front
side, a second heat dissipation metal of the second sem-
iconductor module, a first heat dissipation metal of the
second semiconductor module, to a cooling water outlet
section.
[0023] According to a ninth aspect of the present in-
vention, in the electric power conversion apparatus ac-

cording to the seventh aspect, the cooling water inlet and
the cooling water outlet are provided on a front side sur-
face of the channel case on one of a right side and a left
side of the front side surface, and the return opening is
provided on a side opposite from the front side surface
of the channel case; the semiconductor modules com-
prise a first semiconductor module disposed on the one
side of the second opening for the capacitor module, and
a second semiconductor module disposed on the other
side of the second opening for the capacitor module, with
the second heat dissipation metal of each of the first and
second semiconductor modules facing toward the capac-
itor module; and the cooling water channel is configured
so that the cooling water flows in order from the cooling
water inlet, a first heat dissipation metal of the first sem-
iconductor module, a path formed by the return opening
on the opposite side, a first heat dissipation metal of the
second semiconductor module, a second heat dissipa-
tion metal of the second semiconductor module, the path
formed by the return opening on the opposite side, a sec-
ond heat dissipation metal of the first semiconductor
module, to the’cooling water outlet.
[0024] According to a tenth aspect of the present in-
vention, in the electric power conversion apparatus ac-
cording to the ninth aspect, the semiconductor modules
further comprises a third semiconductor module dis-
posed in the path formed by the return opening on the
opposite side, in addition to the first semiconductor mod-
ule disposed in a path on the one side and the second
semiconductor module disposed in a path on the other
side; and the first semiconductor module, the second
semiconductor module and the third semiconductor mod-
ule each correspond to one of three phases.
[0025] According to a eleventh aspect of the present
invention, in the electric power conversion apparatus ac-
cording to the first aspect, a first semiconductor module
group comprising a first inverter circuit constituted with
first upper and lower arms series circuits for U-phase, V-
phase, and W-phase is arranged through the first open-
ing provided on one side of the second opening for the
capacitor module; and a second semiconductor module
group comprising a second inverter circuit constituted
with second upper and lower arms series circuits for U-
phase, V-phase, and W-phase is arranged through the
first openingprovided on another side of the second
opening for the capacitor module.
[0026] According to a twelfth aspect of the present in-
vention, the electric power conversion apparatus accord-
ing to the eleventh aspect further comprises: a driver
board, disposed on an upper surface of the capacitor
module, that drives an inverter circuit of each semicon-
ductor module, and that bridges between the first semi-
conductor module group and the second semiconductor
module group to be used for both the first semiconduc-
tormodule group and the second semiconductor module
group.
[0027] According to a thirteenth aspect of the present
invention, in the electric power conversion apparatus ac-
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cording to the third aspect, the channel case is formed
at least with a lower case and an upper case; a direct
current connection member that connects terminals of
the capacitor module and the semiconductor module with
each other, an alternate current connection member that
connects an alternate current terminal of the semicon-
ductormodule and the alternate current connector, the
driver board, and the control board are provided in this
order on the upper surface of the capacitor module which
is placed through the second opening provided in the
lower case; and the upper case is fitted on the lower case
so as to house the direct current connection member,
the alternate current connection member, the driver
board, and the control board.
[0028] According to a fourteenth aspect of the present
invention, in the electric power conversion apparatus ac-
cording to the first aspect, the semiconductor module
comprises an upper arm IGBT chip, an upper arm diode
chip, a lower arm IGBT chip, and a lower diode chip; and
the upper arm IGBT chip and the lower arm IGBT chip
are arranged on a same level surface along a direction
of the cooling water flowing through the first and second
heat dissipation metals.
[0029] According to a fifteenth aspect of the present
invention, in the electric power conversion apparatus ac-
cording to the first aspect, the channel case comprises
an accommodating portion to house the capacitor mod-
ule inserted through the second opening; and a thermal
conduction resin or thermal conduction grease is filled
between an inner wall of the accommodating portion and
an outer wall of the capacitor module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 is a block diagram presenting a control block
of a hybrid automobile.
FIG. 2 is a diagram illustrating circuitry of an electric
system for driving a vehicle that is provided with an
inverter device including an upper and lower arms
series circuit and a control unit, an electric power
conversion apparatus constituted by capacitors con-
nected to the direct current side of the inverter de-
vice, a battery, and a motor generator.
FIG. 3 is a diagram showing circuitry of an electric
power conversion apparatus in which two upper and
lower arms series circuits are used to output alter-
nating current for each phase to the motor generator.
FIG. 4 is a perspective view showing an appearance
configuration of the electric power conversion appa-
ratus according to an embodiment of the present in-
vention.
FIG. 5 is an exploded perspective view of the electric
power conversion apparatus according to an embod-
iment of the present invention.
FIG. 6 is a plan view of the electric power conversion
apparatus according to an embodiment of the

present invention from which an upper case has
been removed.
FIG. 7 is an exploded perspective view of the electric
power conversion apparatus according to an embod-
iment of the present invention, showing the electric
power conversion apparatus as shown in FIG. 5 from
which the upper case, the control board, the driver
board, and the alternate current connectors are omit-
ted so as to illustrate the configuration of a semicon-
ductor module.
FIG. 8 is a perspective view of the power system of
the semiconductor module shown in FIG. 7 with al-
ternate current connectors and a direct current con-
nector added thereto.
FIG. 9 is an exploded perspective view of the power
system of the semiconductor module shown in FIG.
8.
FIG. 10 is an’exploded cross-sectional view showing
the configuration of the semiconductor module
shown in FIG. 7 as seen from the direction of flow of
the cooling water.
FIG. 11 is a cross-sectional view of the electric power
conversion apparatus according to the present em-
bodiment from which the upper case has been re-
moved as seen from the direction of flow of the cool-
ing water.
FIG. 12 is a cross-sectional view of the semiconduc-
tor module, the capacitor module, and the cooling
water channel according to the present embodiment
as seen from above.
FIG. 13 is a perspective view showing an appear-
ance configuration of the semiconductor module of
the electric power conversion apparatus according
to an embodiment of the present invention.
FIG. 14 is a cross-sectional view of the semiconduc-
tor module according to the present embodiment as
taken through A-A line shown in FIG. 13.
FIG. 15 is an exploded perspective view of the sem-
iconductor module according to the present embod-
iment.
FIG. 16 is a cross-sectional view of the semiconduc-
tor module according to the present embodiment as
taken through B-B line shown in FIG. 15.
FIG. 17 is a perspective view showing an inside
structure of an upper and lower arms series circuit
of the semiconductor module according to the
present embodiment.
FIG. 18 is a perspective view showing the configu-
ration of the upper and lower arms series circuit dis-
posed in a fin (side A) of the semiconductor module
according to the present embodiment.
FIG. 19 is a perspective view of components dis-
posed in the fin (side A) of the semiconductor mod-
ule.
FIG. 20 is a perspective view of components dis-
posed in the fin (side B) of the semiconductor mod-
ule.
FIG. 21 is a perspective view showing a structure of
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a terminal connection between the semiconductor
module and the capacitor module according to the
present embodiment.
FIG. 22 is a schematic structural layout illustrating
reduction of wiring inductance in the semiconductor
module and the capacitor module according to the
present embodiment.
FIG. 23 is a schematic equivalent circuit diagram il-
lustrating reduction of wiring inductance in the sem-
iconductor module and the capacitor module accord-
ing to the present embodiment.
FIG. 24 is a perspective view showing another ex-
ample of an arrangement of a positive terminal and
a negative terminal of the semiconductor module ac-
cording to the present embodiment.
FIGS. 25A to 25C show explanatory diagrams illus-
trating configuration examples of a water channel
and a plurality of semiconductor modules according
to the present embodiment.
FIGS. 26A and 26B show explanatory diagrams il-
lustrating other configuration examples of a water
channel and a plurality of semiconductor modules
according to the present embodiment.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0031] The characteristic features of an embodiment
of the present invention is summarized as below. The
embodiment of the present invention is configured to in-
clude a semiconductor module in which heat dissipation
metals sandwich a semiconductor chip for an upper arm
and a semiconductor chip for a lower arm that constitute
a series circuit having an upper arm and a lower arm of
an inverter circuit, a channel case which also functions
as a lower case for cooling the semiconductor module,
a center opening and side openings provided on the cent-
er and both sides of the center opening of the channel
case, a capacitor module slotted in the center opening
and the semiconductor modules slotted in the side open-
ings, so as to cool the capacitor module, in addition to
the semiconductor modules, in the channel case. More-
over, a driver board, a control board, and an alternate
current bus bar are provided on the upper surface of the
capacitor module for the purpose of miniaturization. A
resin or grease with thermal conduction characteristics
is filled in a gap between an inner wall of the center open-
ing and an outer wall of the capacitor module after the
capacitor module is slotted in the center opening of the
channel case, thereby cooling the capacitor module ef-
fectively.
[0032] The following is a detailed description of a sem-
iconductor module according to an embodiment of the
present invention with reference to the attached draw-
ings. First, technical problems on improvements and in-
novations on the electric power conversion apparatus
according to the present embodiment and the outline of
the technology to solve the technical problems are de-
scribed.

[0033] The electric power conversion apparatus ac-
cording to the embodiment of the present invention is
made taking into consideration the following technical
viewpoints so that they meet needs. One of the view-
points is a technology of miniaturization, that is, a tech-
nology of preventing an electric power conversion appa-
ratus from increasing in size as much as possible, which
tends to increase with an increase in power to be con-
verted. Another one of the viewpoints is a technology
related to improvement of reliability of the electric power
conversion apparatus. Yet another one of the viewpoints
is a technology related to improvement of productivity of
the electric power conversion apparatus. The electric
power conversion apparatus according to the embodi-
ment of the present invention is designed according to
each of the above-mentioned three viewpoints, and
moreover, a viewpoint combined the above mentioned
viewpoints. The features of the electric power conversion
apparatus in the respective viewpoints are outlined here-
inbelow.

(1) Explanation on Miniaturization Technology

[0034] The electric power conversion apparatus ac-
cording to the present embodiment has the following
structure. That is, a series circuit of the upper and lower
arms of an inverter is housed in a semiconductor module
with a cooling metal on each side. The semiconductor
module is immersed in cooling water (slot-in structure)
to cool the cooling metal on each side of the semicon-
ductor module with the cooling water. With this structure,
cooling efficiency is improved, achieving miniaturization
of the semiconductor module. As a specific structure, an
electric insulation member such as an electric insulation
sheet or an electric insulation plate made of a ceramic
plate is provided on the inner side of the cooling metal
on each side of the semiconductor module, and semi-
conductor chips of the upper arm and the lower arm that
constitute the upper and lower arms series circuit are
sandwiched between the conductor metals fixed to the
respective electric insulation members. With this struc-
ture, a good thermal conduction path is established be-
tween the both sides of the semiconductor chips of the
upper and the lower arms and the cooling metals, so that
the cooling efficiency of the semiconductor module is
greatly improved.
[0035] Semiconductor chips (IGBT chips and diode
chips) of the upper arm and semiconductor chips of the
lower arm of the semiconductor module are arranged
with a shift with respect to a direction of flow of the cooling
water. The IGBT chips of the upper and the IGBT chips
of the lower arms are arranged on the same level surface
as the flow of the cooling water. These arrangements
achieves a vertical width that is appropriated for the fin-
shaped cooling metal to cool the IGBT chips of the upper
and lower arms series circuit larger than a vertical width
that is appropriated for cooling the diode chips. Thus, the
IGBT chips, which have larger heat dissipation, are ef-
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fectively cooled. In other words, a larger amount of the
cooling water is assured to cool the IGBT chips of the
upper and lower arms than to cool the diode chips thereof,
thereby significantly improving the cooling efficiency.
[0036] The both sides of each of the semiconductor
chips of the upper arms and the lower arms are connect-
ed to respective conductor metals (conducting plates) on
the inner side of the cooling metal. The respective con-
ductor metals are fixed to the cooling metal through the
electric insulation member. The insulation member is
configured to be thin, with a ceramic plate being 350mm
thin or thinner, and an electric insulating sheet being
50mm to 200mm thin. The electric insulation sheet in-
cludes a thermocompressively bonded resin sheet.
Since the conductor metal is provided close to the cooling
metal, eddy current is generated due to current flowing
in the conductor metal and flows in the cooling metal to
generate heat. The heat thus generated can be efficiently
conducted to the cooling water.
[0037] The eddy current decreases the inductance in
the semiconductor module. The decrease in the induct-
ance results in a decrease in voltage spike results from
a switching operation of the semiconductor chips of the
upper arms and the lower arms, thereby improving the
reliability. By suppressing voltage rise, it is possible to
perform a faster switching operation of the semiconduc-
tor chips of the upper arms and the lower arms, thereby
reducing the time for the switching operation and reduc-
ing the amount of heat generated by the switching oper-
ation.
[0038] The capacitor module and the semiconductor
module are contained in a channel case of a substantially
same plane. In addition, the capacitor module is sand-
wiched between the semiconductor modules. Thus, min-
iaturization is achieved. Furthermore, a driver board for
driving the semiconductor chips and a control board for
controlling the semiconductor chips are provided on the
upper surface of the capacitor module, so that the upper
surface of the capacitormodule is affectively used, there-
by achieving the miniaturization.

(2) Explanation on Improvement of Reliability

[0039] As described above, the electric power conver-
sion apparatus according to the present embodiment sig-
nificantly improves the cooling efficiency of the semicon-
ductor module. This suppresses temperature rise of the
semiconductor chips, thereby improving reliability.
[0040] A plurality of the semiconductor modules sand-
wich the capacitor module. The direct current positive
terminals and the direct current negative terminals of the
semiconductor modules are arranged at regular intervals
from the capacitor module. This configuration enables
these DC terminals and the positive side terminal and
the negative side terminal of the capacitor module to be
connected with each other using uniformly shaped direct
current bus bars. Thus, low inductance between the sem-
iconductor modules and the capacitor module is

achieved, while low inductance in the semiconductor
module is realized through the internal configuration of
the semiconductor module, thereby reducing voltage
spike caused by a switching operation and improving the
reliability. By restricting voltage rise, a faster switching
operation of the semiconductor chips is enabled, thereby
reducing the time for the switching operation and reduc-
ing the amount of heat generated by the switching oper-
ation. This prevents temperature of the semiconductor
chips from rising, thereby improving reliability.
[0041] As explained above, the structure with which
the DC terminal of the semiconductor module is connect-
ed to the capacitor module and the terminal structure of
the capacitor module become simpler. This leads not only
to improvement of productivity and miniaturization but
also to improvement of the reliability of the semiconductor
module.
[0042] In the electricpower conversion apparatus of
the present embodiment, the cooling efficiency is im-
proved to a greater extent so that the engine cooling wa-
ter can be used as a cooling water. Therefore, the auto-
mobile does not need any dedicated cooling water sys-
tem and the system of the automobile in whole can be
made simpler, thus presenting improvement with high
reliability.
[0043] The electric power conversion apparatus of the
present embodiment is configured such that the semi-
conductor module that houses the series circuit of the
upper and lower arms of the inverter is inserted in the
cooling water channel through an opening provided in
the cooling water channel and fixed to the cooling water
channel. There can be performed a process in which the
semiconductor module and the channel case separately
produced in different production lines are separately
checked and then the semiconductor module is fixed to
the channel case. In this manner, the semiconductor
module, which is an electric component, and the channel
case, which is a mechanical component, can be sepa-
rately produced and checked, so that not only improve-
ment of productivity but also improvement of reliability
can be obtained.
[0044] It is possible to adopt a method in which a con-
ductor or a semiconductor chip as necessary is fixed to
a first and a second heat dissipation metals and then the
first and the second heat dissipation metals are integrat-
ed to produce a semiconductor module. It is possible to
perform the process of integrating the heat dissipation
metals after the state of production of the first and the
second heat dissipation metals is confirmed. This leads
not only to improvement of productivity but also to im-
provement of reliability of the semiconductor module.
[0045] The electric power conversion apparatus ac-
cording to the present embodiment is configured such
that when the collector surface of the semiconductor chip
of the upper arm is fixed to the first heat dissipation metal,
the collector surface of the semiconductor chip of the
lower arm is fixed to the same first heat dissipation metal,
so that the collector surface and the emitter surface of

11 12 



EP 3 188 352 A1

8

5

10

15

20

25

30

35

40

45

50

55

the semiconductor chips of the upper and the lower arms
are in the same direction. With this configuration, the pro-
ductivity and reliability of the semiconductor module is
improved.
[0046] The electric power conversion apparatus ac-
cording to the present embodiment is configured such
that the semiconductor chip of the upper and the lower
arms as well as the signal terminals of and the gate ter-
minals of the upper and the lower arms are fixedto the
same heat dissipation metal. For this reason, the process
of wire bonding to connect the semiconductor chip with
the signal terminal and the gate terminal can be concen-
trated on one of the heat dissipation metals, which makes
it easier to perform the tests. This improves not only pro-
ductivity but also reliability of the electric power conver-
sion apparatus.
[0047] The semiconductor modules of U-phase, V-
phase, and W-phase are arranged on each side of the
capacitor module of the sandwich structure in the channel
case. This arrangement reduces the number of U-turn
points of the cooling water channel, thereby reducing
pressure drop in the channel, lowering source pressure
of the cooling water, and controlling cooling water leaks.
Thus, reliability is ensured. Moreover, the capacitor mod-
ule is disposed in the cooling water channel provided on
the substantially same plane. The inner wall of the chan-
nel case and the outer wall of the capacitor module are
thermally bonded using thermally conductive material
(resin or grease). This configuration enables the capac-
itor module, as well as the semiconductor module, to be
directly cooled, stabilizing the performance of these mod-
ules and contributing to improvement in reliability of pow-
er conversion device.

(3) Explanation on Improvement of Productivity

[0048] As mentioned above, the electric power conver-
sion apparatus according to the present embodiment-
maybe configured such that the semiconductor module
and the cooling case are separately produced and then
a process of fixing the semiconductor modules to the
cooling case is performed, so that the semiconductor
modules can be produced on the production line for an
electrical system. This improves the productivity and re-
liability of the electric power conversion apparatus. Also,
the capacitor module can be separately produced in an-
other production process in the same manner as above
and then fixed to the channel case, so that the productivity
thereof is improved.
[0049] The semiconductor module and the capacitor
module can be fixed to the channel case and then the
terminals of the semiconductor module and the capacitor
module can be connected to each other. Moreover, a
space in which a welding machine for the connection is
brought to a section to be welded can be secured. This
leads to improvement of the productivity. In this connec-
tion process, the terminals of the semiconductor module
are fixed to the heat dissipation metals, and the heat upon

welding the terminals diffuses to the heat dissipation met-
als, so that adverse influences to semiconductor chips
can be avoided, resulting in improvement in the produc-
tivity and reliability of the electric power conversion ap-
paratus.
[0050] The semiconductor chip of the upper and the
lower arms as well as the signal terminals of and the gate
terminals of the upper and the lower arms can be fixed
to one of the heat dissipation metals of the semiconductor
module, so that wire bonding for both the upper arms and
the lower arms can be performed on the production line
of one of the heat dissipation metals. This improves the
productivity of the heat conversion device.
[0051] The electric power conversion apparatus ac-
cording to the present embodiment enables mass pro-
duction of semiconductor modules of the same structure
and enables a method in which a necessary number of
semiconductor modules are used based on the specifi-
cation required for the electric power conversion appa-
ratus. This makes it possible to perform mass production
of standardized semiconductor modules to improve the
productivity, to reduce the cost, and to improve the reli-
ability of the semiconductormodule. As discussedabove,
the electric power conversion apparatus according to the
embodiment’ of the present invention is designed to
achieve the characteristic structures and effects based
on the three technical viewpoints. The explanation of the
electric power conversion apparatus will be now de-
scribed.

- Embodiment -

[0052] Now, referring to the attached drawings, the
electric power conversion apparatus according to an em-
bodiment of the present invention is described in detail.
The electric power conversion apparatus of the embod-
iment present invention is applicable to hybrid automo-
biles and pure electric cars. A typical example of control
mechanism and circuitry of the electric power conversion
apparatus when the electric power conversion apparatus
according to the present embodiment is applied to the
hybrid automobile is described with reference to FIGS.
1 and 2. FIG. 1 is a diagram presenting a control block
of a hybrid automobile. FIG. 2 is a diagram illustrating
circuitry of an electric system for driving a vehicle that
includes an electric power conversion apparatus consti-
tuted of an inverter device having an upper and lower
arms series circuit and a capacitor connected to the up-
stream side of the inverter device, a battery, and a motor
generator.
[0053] The electric power conversion apparatus ac-
cording to the embodiment of the present invention is
described taking as an example of an in-vehicle electric
power conversion apparatus for an in-vehicle electric
system to be mounted on an automobile, in particular an
inverter device for driving a vehicle for use in an electric
system for driving a vehicle, which is placed under severe
mounting and operating environments. The inverter de-
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vice for driving a vehicle is included in an electric system
for driving a vehicle as a control device that controls driv-
ing of a rotating electrical machine for driving a vehicle.
The inverter device converts direct current power sup-
plied from an in-vehicle battery or an in-vehicle power
generation device that constitutes an in-vehicle power
source to predetermined alternate current power and
supplies the obtained alternate current power to the ro-
tating electrical machine for driving the vehicle to control
the driving of the rotating electricalmachine. Because the
rotating electrical machine also has the function to serve
as a power generation device, the inverter device for driv-
ing the vehicle has a function to convert the alternate
current power generated by the rotating electrical ma-
chine to direct current power in accordance with the driv-
ing mode. The converted direct current power is supplied
to the in-vehicle battery.
[0054] While the configuration of the electric power
conversion apparatus according to the present embodi-
ment is also applicable to inverter devices to be used
other than for driving a vehicle, for instance, an inverter
device to be used as a control device for an electrically-
operated braking device or an electrically-operated pow-
er steering device, the electric power conversion appa-
ratus exhibits most desirable effect when applied to the
inverter device for driving the vehicle. The concept of the
electric power conversion apparatus is applicable to oth-
er in-vehicle electric power conversion apparatuses, for
example, a DC-DC power conversion device or an AC-
DC power conversion device, such as a DC/DC converter
or a DC chopper. However, when applied to an electric
power conversion apparatus for driving a vehicle, the
electric power conversion apparatus according to the
present embodiment exhibits the most desirable effects.
Furthermore, the concept of the electric power conver-
sion apparatus is applicable to an industrial electrical
power conversion apparatus used as a control device for
a rotating electrical machine that drives plant facilities,
or also applicable to a household electrical power con-
version device used as a control device for a rotating
electrical machine that drives a household photovoltaic
power generation system or a household appliance.
However, as described above, when applied to an elec-
tric power conversion apparatus for driving a vehicle, the
electric power conversion apparatus according to the
present embodiment exhibits the most desirable effects.
[0055] Explanation is made on the electric power con-
version apparatus according to the present embodiment
taking as an example in which the electric system for
driving a vehicle equipped with the inverter device for
driving the vehicle to which the present embodiment is
applied is mounted on a hybrid automobile. The hybrid
automobile is configured to use an engine, which is an
internal combustion engine, and a rotating electrical ma-
chine for driving a vehicle as driving power sources and
either one of front and rear wheels is driven. Hybrid au-
tomobiles may be configured such that the engine drives
one of the front and rear wheels and the rotating electrical

machine for driving the vehicle drives the other of the
front and rear wheels. The present embodiment is appli-
cable to any of the types of the hybrid automobiles. As
mentioned above, the present embodiment is applicable
to pure electric automobiles such as a fuel battery car.
In the pure electric vehicles, the electric power conver-
sion apparatus detailed hereinbelow operates substan-
tially in the same manner and substantially the same ef-
fects can be obtained.
[0056] Referring to FIG. 1, a hybrid electric vehicle
(herein after, referred to as "HEV") 10 is an electric ve-
hicle that includes two systems for driving the vehicle.
One is an engine system that uses an engine 20, which
is an internal combustion engine, as a power source. The
engine system is used mainly as a driving power source
for HEV. The other is an in-vehicle electric system that
usesmotor generators 92 and 94 as a driving power
source. The in-vehicle electric system is used mainly as
a driving power source for HEV and an electric power
generation source for HEV. The motor generators 92 and
94, whichmaybe, for example, permanent magnet syn-
chronous motors, can operate either as motors or gen-
erators depending on the operation mode. Accordingly,
the device is referred to as "motor generator".
[0057] In the front part of a vehicle main body, a front
axle 14 is rotatably journaled. On both ends of the front
axle 14 are provided a pair of front wheels 12. On the
rear part of the body, a rear axle is rotatably journaled
(not shown). On the both ends of the rear axle are pro-
vided a pair of rear wheels. In the HEV according to the
present embodiment, a so-called front wheel driving
method is adopted. In the front wheel driving method, a
main wheel that is power-driven is the front wheel 12 and
the trailing wheel is the rear wheel. A reversed driving
method, that is, a so-called rear wheel driving method
may also be adopted.
[0058] In the center of the front wheel shaft 14 is pro-
vided a differential gear (herein after, referredto as "front
wheel DEF") 16. The front axle 14 is mechanically con-
nected with an output side of the front wheel DEF 16. An
input side of the front wheel DEF 16 is mechanically con-
nected with an output shaft of a transmission 18. The
front wheel DEF 16 is a differential power transfer mech-
anism that distributes rotational drive force transmitted
with its speed changed by the transmission 18 to right
and left front axles 14. An input side of the transmission
18 is mechanically connected with an output side of the
motor generator 92. An input side of the motor generator
92 is mechanically connected with an output side of the
engine 20 and an output side of the motor generator 94
through a power transfer mechanism 22. The motor gen-
erators 92 and 94 and the power transfer mechanism 22
are housed in a casing of the transmission 18.
[0059] The power transfer mechanism 22 is a differen-
tial mechanism that includes gears 23 to 30. The gears
25 to 28 are bevel gears. The gears 23, 24, 29, and 30
are spur gears. The motive energy of the motor generator
92 is directly transmitted to the transmission 18. The shaft
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of the motor generator 92 is coaxial with the shaft of the
gear 29’. With this configuration, when no drive power is
supplied to the motor generator 92, the power transmitted
to the gear 29 is directly transmitted to the input side of
the transmission 18 without any change.
[0060] When the engine 20 operates to drive the gear
23, the motive energy of the engine 20 is transmitted from
the gear 23 to the gear 24, from the gear 24 to the gears
26 and 28, and then from the gears 26 and 28 to the gear
30, and finally to the gear 29. When the motor generator
94 operates to drive the gear 25, the rotation of the motor
generator 94 is transmitted from the gear 25 to the gears
26 and 28 and then from the gears 26 and 28 to the gear
30, and finally to the gear 29. The power transfer mech-
anism 22 may employ other mechanisms including a
planetary gear mechanism in place of the above-men-
tioned differential mechanism.
[0061] The motor generators 92 and 94 are synchro-
nous machines each including a rotor with a permanent
magnet. The driving of the motor generators 92 and 94
is controlled by controlling alternate current supplied to
armature coils of stators by inverter devices 40 and 42,
respectively. The inverter devices 40 and 42 are electri-
cally connected with a battery 36. Power can be supplied
and received between the battery 36 and the inverter
devices 40 and 42.
[0062] In the present embodiment, there are provided
a first motor generator unit constituted by the motor gen-
erator 92 and the inverter device 40 and a second motor
generator unit constituted by the motor generator 94 and
the inverter device 42, which are selectively used de-
pending on the driving situation. That is, assuming that
the vehicle is driven through motive energy from the en-
gine 20, if the drive torque of the vehicle is to be assisted,
the second motor generator unit is actuated as a gener-
ator unit by the motive energy from the engine 20 to gen-
erate electric power, and the first motor generator is ac-
tuated as a motor unit by the generated electric power.
Similarly, in the case where the vehicle is driven through
motive energy from the engine 20, if the speed of the
vehicle is to be assisted, the first motor generator unit is
actuated as a generator unit by the motive energy of the
engine 20 to generate electric power, and the second
motor generator unit is actuated as a motor unit by the
generated electric power.
[0063] In the present embodiment, the vehicle can be
driven only by the motive energy of the motor generator
92 by actuating the first motor generator unit as a motor
unit by the electric power from the battery 36. In the
present embodiment, the battery 36 can be charged by
actuating the first or the second generator unit as a gen-
erator unit by the motive energy from the engine 20 or
the motive energy from the wheels to perform power gen-
eration.
[0064] Now, referring to FIG. 2, the electric circuit con-
figurations of the inverter devices 40 and 42 are de-
scribed. In the embodiment shown in FIGS. 1 and 2, ex-
planation is made on a case where the inverter devices

40 and 42 are separately constructed. However, as de-
scribed later on referring to FIG. 7 and so on, the inverter
devices 40 and 42 may be housed in one device. The
inverter devices 40 and 42 have the same construction
to exhibit the same action and have the same function,
and hence explanation is made on the inverter device 40
as a representative example.
[0065] The electric power conversion apparatus 100
according to the present embodiment includes the invert-
er device 40, a capacitor 90, a direct current connector
38, and an alternate current connector 88. The inverter
device 40 includes an inverter circuit 44 and a control
unit 70. The inverter circuit 44 includes a plurality of upper
and lower arms series circuits 50 (in the example shown
in FIG. 2, three upper and lower arms series circuits 50,
50, and 50) . Each of the upper and lower arms series
circuit 50 includes an IGBT (Insulated Gate type Bipolar
Transistor) 52 and a diode 56, which operate as an upper
arm, and an IGBT 62 and a diode 66, which operate as
a lower arm. Each of the upper and lower arms series
circuits 50 is configured such that an alternate current
power line 86 extends from a neutral point (intermediate
electrode 69) of the upper and lower arms series circuit
50 to the motor generator 92 through an AC terminal 59.
The control unit 70 includes a driver circuit (incorporated
in a driver board) 74 that drives and controls the inverter
circuit 44 and a control circuit 72 (incorporated in a control
board) that supplies control signals to the driver circuit
74 through a signal line 76.
[0066] The IGBTs 52 and 62 of the upper arm and the
lower arm, respectively, are power semiconductor ele-
ments for switching. The IGBTs 52 and 62 operate when
they receive drive signals output from the control unit 70
and convert direct current power supplied from the bat-
tery 36 into three phase alternate current power. The
converted power is supplied to the armature coil of the
motor generator 92. Also, as mentioned above, the IG-
BTs 52 and 62 are capable of converting the three phase
alternate current power generated by the motor genera-
tor 92 into direct current power.
[0067] The electric power conversion apparatus 100
according to the present embodiment is constituted with
a three-phase bridge circuit. And the upper and lower
arms series circuits 50, 50, and 50 each for one of three
phases are electrically connected in parallel between the
positive side and the negative side of the battery 36. The
upper and lower arms series circuit 50, which is called
"arms" herein, includes the power semiconductor device
52 for switching and the diode 56 on the upper arm side
as well as the power semiconductor device 62 for switch-
ing and the diode 66 on the lower arm side.
[0068] In the present embodiment, use of IGBTs (In-
sulated Gate type Bipolar Transistors) 52 and 62 as pow-
er semiconductor devices for switching is exemplified.
The IGBTs 52 and 62 include collector electrodes 53 and
63, emitter electrodes, gate electrodes (gate electrode
terminals 54 and 64), and signal emitter electrodes (sig-
nal emitter electrode terminals 55 and 65). The diodes
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56 and 66 are electrically connected to between the col-
lector electrodes 53 and 63 and the emitter electrodes
of the IGBT 52 and 62, respectively, as shown in the
figure. The diodes 56 and 66 include each two electrodes,
i.e., cathode and anode. The cathodes of the diodes are
connected to the collector electrodes of the IGBTs 52
and 62 and the anodes of the diodes are electrically con-
nected to the emitter electrodes of the IGBTs 52 and 62,
respectively, so that a direction from the emitter elec-
trodes to the collector electrodes of the IGBTs 52 and 62
is set as a forward direction.
[0069] The power semiconductor for switching may be
a MOSFET (Metal Oxide Semiconductor Field Effect
Transistor). The MOSFET includes three electrodes, i.e.,
a drain electrode, a source electrode, and a gate elec-
trode. The MOSFET includes a parasitic diode between
the source electrode and the drain electrode such that a
direction from the drain electrode to the source electrode
is set as a forward direction. For this reason, unlike the
IGBT, it is unnecessary to provide a diode separately.
[0070] There are provided three upper and lower arms
series circuit 50. The three circuits 50 correspond to re-
spective phases of armature coils of the motor generator
92. The three upper and lower arms series circuit 50, 50,
and 50 form U-phase, V-phase, and W-phase to the mo-
tor generator 92 through the intermediate electrodes 69,
each of which connects the emitter electrode of the IGBT
52 and the collector electrode 63 of the IGBT 62, and the
AC terminals 59, respectively. The upper and lower arms
series circuits are electrically connected in parallel to
each other. The collector electrode 53 of the upper arm
IGBT 52 is electrically connected to a capacitor electrode
on the positive electrode side of the capacitor 90 through
a positive electrode terminal (P terminal) 57. The emitter
electrode of the lower arm IGBT 62 is electrically con-
nected to a capacitor electrode on the negative electrode
side of the capacitor 90 through a negative electrode ter-
minal (N terminal) 58. The intermediate electrode 69,
which corresponds to a neutral point of each arm (a con-
necting part between the emitter electrode of the upper
arm IGBT 52 and the collector electrode of the lower arm
IGBT 62), is electrically connected to a corresponding
phase coil among the armature coils of the motor gener-
ator 92 through an AC connector 88. In the present em-
bodiment, as described hereinafter in detail, the single
upper and lower arms series circuit 50 constituted by the
upper and the lower arms serves as a main circuit com-
ponent of the semiconductor module.
[0071] The capacitor 90 is to constitute a smoothing
circuit that suppresses variation of direct current voltage
generated by the switching action of the IGBTs 52 and
62. The positive side of the battery 36 is electrically con-
nected to the capacitor electrode of the capacitor 90 on
the positive electrode side through the direct current con-
nector 38. The negative side of the battery 36 is electri-
cally connected to the capacitor electrode of the capacitor
90 on the negative electrode side through the direct cur-
rent connector 38. With this construction, the capacitor

90 is connected to between the collector electrode 53 of
the upper arm IGBT 52 and the positive of the battery 36
and to between the emitter electrode of the lower arm
IGBT 62 and the negative side of the battery 36, so that
the capacitor 90 is electrically connected to the battery
36 and the upper and lower arms series circuit 50 in par-
allel.
[0072] The control unit 70 is provided in order to actu-
ate the IGBTs 52 and 62. The control unit 70 includes
the control circuit 72 (incorporated in the control board)
that generates timing signals for controlling switching tim-
ings of the IGBTs 52 and 62 based on information input
from other control unit, a sensor, and so on and the driver
circuit 74 (incorporated in the driver board) that generates
drive signals for causing the IGBTs 52 and 62 to perform
switching action based on the timing signals output from
the control circuit 72.
[0073] The control circuit 72 includes a microcomputer
that calculates switching timing of the IGBTs 52 and 62.
To the microcomputer, input information is input, which
includes a target torque value required for the motor gen-
erator 92, a value of the current to be supplied to the
armature coils of the motor generator 92 from the upper
and lower arms series circuit 50, and a position of a mag-
netic pole of the rotor of the motor generator 92. The
target torque value is set based on a command signal
output from a superordinate control unit not shown in the
figure. The current value is determined based on the de-
tection signal output from a current sensor 80. The posi-
tion of magnetic pole is determined based on the detec-
tion signal output from a rotating magnetic pole sensor
(not shown) provided in the motor generator 92. In the
present embodiment, explanation is made on an example
in which current values for three phases are detected.
However, it would also be acceptable that current values
for two phases are detected.
[0074] The microcomputer in the control circuit 72 cal-
culates current command values along d and q axes of
the motor generator 92 based on the target torque value,
calculates voltage command values along the d and q
axes of the motor generator 92 based on differences be-
tween the calculated current command values along the
d and q axes and the detected current values along the
d and q axes, and converts the calculated voltage com-
mand values into the voltage command values for U-
phase, V-phase, and W-phase based on the detected
positions of magnetic pole. The microcomputer gener-
ates a pulsed modulation wave based on comparison
between a fundamental harmonic (sine wave) based on
the voltage command values for U-phase, V-phase, and
W-phase and a carrier wave (triangle wave), and outputs
the generated modulation wave to the driver circuit 74
as PWM (Pulse Width Modulated) signals. The micro-
computer outputs to the driver circuit 74 six PWM signals
corresponding to the upper and the lower arms for re-
spective phases. The timing signals output from the mi-
crocomputer may be other signals such as square waves.
[0075] The driver circuit 74 is constituted by an inte-
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grated circuit, so-called driver IC, which is obtained by
integrating a plurality of electronic circuit components into
one. In the present embodiment, explanation is made
taking an example in which each of the upper arm and
lower arm for each phase is provided with one IC (one
arm in one module: one in one). It would also be accept-
able to construct the driver circuit 74 such that one IC is
provided so as to correspond to each arm which includes
the upper and lower arms for each phase (two in one) or
such that one IC is provided so as to correspond to all
the arms (six in one) . The driver circuit 74 amplifies a
PWM signal when a lower arm is driven and outputs the
amplified PWM signal as a drive signal to the gate elec-
trode of the IGBT 62 of the corresponding lower arm.
When an upper arm is driven, the driver circuit 74 ampli-
fies a PWM signal after shifting a level of a reference
potential of the PWM signal to a level of a reference po-
tential of the upper arm, and outputs the amplified signal
as a drive signal to the gate electrode of the IGBT 52 of
the corresponding upper arm. With this, each of the IG-
BTs 52 and 62 performs a switching action based on the
input drive signal.
[0076] The control unit 70 performs detection of abnor-
malities (overcurrent, overvoltage, overtemperature, and
so on) to protect the upper and lower arm series circuits
50. For this purpose, sensing information is input to the
control unit 70. For example, information on the current
that flows through the emitter electrode of each of the
IGBTs 52 and 62 is input from the signal emitter electrode
terminals 55 and 65 in each arm to the corresponding
driving unit (IC). With this, each driving unit (IC) performs
overcurrent detection and when overcurrent is detected,
the driving unit (IC) stops the switching action of the cor-
responding one of the IGBTs 52 and 62 in order to protect
the corresponding one of the IGBTs 52 and 62 from the
overcurrent. Information on the temperature of the upper
and lower arms series circuit 50 is input from the tem-
perature sensor (not shown) provided in the upper and
lower arms series circuit 50 into the microcomputer. In
addition, information on the voltage of the direct current
positive electrode side of the upper and lower arms series
circuit 50 is input to the microcomputer.
[0077] The microcomputer performs overtemperature
detection and overvoltage detection based on these piec-
es of information. When overtemperature or overvoltage
is detected, the microcomputer causes the switching ac-
tions of all of the IGBTs 52 and 62 to stop in order to
protect the upper and lower arms series circuit 50 (con-
sequently, the semiconductor module including this cir-
cuit 50) from the overtemperature or the overvoltage.
[0078] In FIG. 2, the upper and lower arms series circuit
50 is a series circuit constituted by the IGBT 52 of the
upper arm, the diode 56 of the upper arm, the IGBT 62
of the lower arm, and the diode 66 of the lower arm. The
IGBTs 52 and 62 are semiconductor elements for switch-
ing. Conduction and blocking actions of the IGBTs 52
and 62 of the upper and the lower arms in the inverter
circuit 44 are switched in a predetermined order and the

current of the stator coil of the motor generator 92 upon
the switching flows in a circuit formed by the diodes 56
and 66.
[0079] The upper and lower arms series circuit 50, as
shown, includes the positive terminal (P terminal) 57, the
negative terminal (N terminal) 58, the AC terminal 59
(see FIG. 3) from the intermediate electrode 69 of the
upper and the lower arms, the signal terminal (signal
emitter electrode terminal) 55 of the upper arm, the gate
(base) electrode terminal 54 of the upper arm, the signal
terminal (signal emitter electrode terminal) 65 of the lower
arm, and the gate (base) electrode terminal 64 of the
lower arm. The electric power conversion apparatus 100
includes the direct current connector 38 on the input side
and the alternate current connector 88 on the output side
and is electrically connected to the battery 36 and the
motor generator 92 through the connectors 38 and 88,
respectively.
[0080] FIG. 3 is a diagram that shows circuitry of an
electric power conversion apparatus in which two upper
and lower arms series circuits are provided for each
phase as a circuit that generates output of each phase
of the three-phase alternate current to be output to the
motor generator. When the capacity of the motor gener-
ator is increased, electric energy converted by the electric
power conversion apparatus increases, and the value of
the current that flows in the upper and lower arms series
circuit for each phase of the inverter circuit 44 increases.
The increase in power to be converted can’be coped with
by increasing the electrical capacity of the upper and low-
er arms. However, it is preferred that the quantity of out-
put of inverter circuits (inverter modules) is increased.
The configuration shown in FIG. 3 is intended to cope
with the increase in the electric energy to be converted
by increasing the number of inverter circuits (modules)
used that are produced in a standardized fashion.
[0081] While the inverter circuit 44 shown in FIG. 2
includes the three upper and lower arms series circuits
50, 50, and 50 so as to form U-phase, V-phase, and W-
phase to the motor generator 92, the configuration shown
in FIG. 3 includes two parallelly connected inverter cir-
cuits, that is, a first inverter circuit 45 and a second in-
verter circuit 46, which have the same configuration as
the inverter circuit 44 shown in FIG. 2 has, so as to cope
with the increase in the capacity of the motor generator
92 to be controlled. The configuration shown in FIG. 3
includes upper and lower arms series circuits 50U1 and
50U2 corresponding to the U-phase of the upper and
lower arms series circuit 50 shown in FIG. 2, upper and
lower arms series circuits 50V1 and 50V2 for the V-
phase, and upper and lower arms series circuits 50W1
and 50W2 for the W-phase. It should be noted that alter-
nate current power lines 86 of the first and second inverter
circuits shown in FIG. 3 are represented by a first alter-
nate current bus bar 391 and a second alternate current
bus bar 392 in the drawings hereinafter.
[0082] An overall configuration of the electric power
conversion apparatus according to the embodiment of
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the present invention will now be described. FIG. 4 is a
perspective view showing an appearance configuration
of the electric power conversion apparatus according to
the embodiment of the present invention. FIG. 5 is an
exploded perspective view of the electric power conver-
sion apparatus according to the embodiment of the
present invention. FIG. 6 is a plan view of the electric
power conversion apparatus according to the embodi-
ment of the present invention without the upper case.
[0083] FIGS. 4 to 6 show a specific example of the
electric power conversion apparatus according to the
present embodiment with a circuit constituted by the first
inverter circuit 45 and the second inverter circuit 46
shown in FIG. 3. Reference numeral 38 designates a
direct current connector; 88 designates a first alternate
current connector (a connector that is connected to the
alternate current power line 86 of the first inverter circuit
shown in FIG. 3); 89 designates a second alternate cur-
rent connector (a connector of the electric power conver-
sion apparatus that is connected to the alternate current
power line 86 of the second inverter circuit shown in FIG.
3) ; 91 designates an alternate current connector flange;
100 designates the electric power conversion apparatus;
112 designates the upper case; 122 designates a posi-
tioning member for the alternate current connectors; 124
designates a flange of the upper case; 142 designates a
lower case; 144 designates a water channel lid; 145 des-
ignates a first module lid; 146 designates a second mod-
ule lid; 246 designates a water channel inlet; 248 desig-
nates a water channel outlet; 372 designates a control
board (the control circuit is incorporated therein) ; 373
designates a first control IC; 374 designates a second
control IC; 386 designates a driver board; 387 designates
a driver IC; 388 designates a signal connector; 391 des-
ignates the first alternate current bus bar (the alternate
current power line 86 of the first inverter circuits shown
in FIG. 3) ; and, 392 designates the second alternate
current bus bar 2 (the alternate current power line 86 of
the second inverter circuits shown in FIG. 3).
[0084] For external electrical connection, the electric
power conversion apparatus 100 according to the em-
bodiment of the present invention shown in FIGS. 4 to 6
includes the direct current connector 38 that connects
with the battery 36 (see FIG. 2), the first alternate current
connector 88 and the second alternate current connector
89 that connect with the motor generator 92 (see FIG.
2) . An appearance configuration of the electric power
conversion apparatus 100 according to the embodiment
of the present invention shown in FIGS. 4 to 6 includes
the upper case 112, the lower case 142, and the water
channel inlet 246 and the water channel outlet 248
through which the cooling water is taken in or out for
cooling the semiconductor module including the upper
and lower arms series circuit 50 and the capacitor mod-
ule.
[0085] The control board 372 and the driver board 386
are placed one on top of the other (see FIG. 5) between
the upper case 112, and the first module lid 145 and the

second module lid 146. The first module lid 145 covers
each of the semiconductor modules including the upper
and lower arms series circuit for each of U1 phase, V1
phase, and W1 phase shown in FIG. 3. The second mod-
ule lid 146 covers each of the semiconductor modules
including the upper and lower arms series circuit for each
of U2 phase, V2 phase, and W2 phase shown in FIG. 3.
The control board 372 is mounted with the first control
IC 373 and the second control IC 374. The driver board
386 is mounted with the driver ICs 387. The first alternate
current bus bars 391 and the second alternate current
bus bar 392 are provided in a lower part of the driver
board 386 for three phases. As described later, the sem-
iconductor module including the upper and lower arms
series circuit 50 and the fin is loaded in the horizontally
formed water channel space including the water channel
inlet 246 and the water channel outlet 248.
[0086] A semiconductor module 500 of the electric
power conversion apparatus accordingtothe embodi-
ment of the present invention will now be described with
reference to FIGS. 13 to 16. FIG. 13 is a perspective view
showing the semiconductor module of the electric power
conversion apparatus according to the embodiment of
the present invention. FIG. 14 is a sectional view taken
through A-A line (shown in FIG. 13) of the semiconductor
module according to the present embodiment. FIG. 15
is an exploded perspective view of the semiconductor
module according to the present embodiment. FIG. 16
is a sectional view taken through B-B line (shown in FIG.
15) of the semiconductor module according to the
present embodiment.
[0087] In FIGS. 13 to 16, the semiconductor module
500 of the electric power conversion apparatus according
to the embodiment of the present invention includes a n
fin 522 on one side (side A) 522, a fin 562 on another
side (side B), the upper and lower arms series circuit 50
sandwiched by the fins 522 and 562, various terminals
including a positive terminal 532, a negative terminal 572
and an alternate current terminal 582, a top case 512, a
bottom case 516, and a side case 508. It is to be noted
that a fin refers to not only a fin-shaped part having pro-
trusion and depression but also a heat dissipation metal
in whole. As shown in FIGS. 14 and 15, the semiconduc-
tor module 500 is obtained as an integrated structure as
follows. The upper and lower arms series circuits (whose
production method is described later on) are provided on
conducting plates that are fixed to the fin (side A) 522
and the fin (side B) 562 through electric insulation sheets,
respectively. In a state in which the upper and lower arms
series circuits are sandwiched by the fin (side A) 522 and
the fin (side B) 562 therebetween, the bottom case 516,
the top case 512, and the side case 508 are assembled
together. Then a mold resin is filled between the fins 522
and 562 from the side of the top case 512 to obtain an
integrated structure.
[0088] The semiconductor module 500 has an appear-
ance as shown in FIG. 13. That is, the fin (side A) 522
and the fin (side B) 562 are formed so as to be exposed

23 24 



EP 3 188 352 A1

14

5

10

15

20

25

30

35

40

45

50

55

to or inserted into the coolingwater channel. Through the
top case 512, there protrude the positive terminal 532
(corresponding to the P terminal 57 in FIGS. 2 and 3),
the negative terminal 572 (corresponding to the N termi-
nal 58 in FIGS. 2 and 3), the AC terminal 582 (corre-
sponding to the AC terminal 59 in FIG. 3), the signal ter-
minal 552 (for the upper arm), the gate terminal 553 (for
the upper arm), the signal terminal 556 (for the lower
arm), and the gate terminal 557 (for the lower arm) of the
upper and lower arms series circuit 50.
[0089] The appearance configuration of the semicon-
ductor module 500 is substantially rectangular parallel-
epiped. The fin (side A) 522 and the fin (side B) 562 both
have a large area. Assuming that the face of the fin (side
B) 562 is a front face and the face of the fin (side A) is a
rear face (as shown in FIG. 13), both of the sides, i.e.,
the side at which the side case 508 is depicted and the
side opposite thereto, as well as the bottom face and the
top face have areas smaller than that of the above-men-
tioned front face or the rear face. Since the basic shape
of the semiconductor module is substantially rectangular
parallelepiped and the fin (side B) 562 and the fin (side
A) 522 are rectangular, their cutting work is easy. In ad-
dition, due to its shape, the semiconductor module is.less
likely to turn over in the production line, achieving excel-
lent productivity. Moreover, a ratio of heat dissipation ar-
ea to the whole volume can be made large, improving
the cooling effect.
[0090] In the present embodiment, each of the fin (side
A) 522 and the fin (side B) 562 is configured with a metal
plate to be used to sandwich the semiconductor chip and
hold the conductor in the semiconductor module and the
fin that dissipates heat, and the metal plate and the fine
are made of a single metal material. This structure is
excellent in increasing the heat dissipation efficiency of
the semiconductor module. Another structure with slight-
ly less heat dissipation efficiency may also be used: a
metal plate to be used to sandwich the semiconductor
chip and hold the conductor in the semiconductor module
and the fin that dissipates heat may be made separately
and affixed together.
[0091] On the top face, which is one of smaller faces
of the substantially rectangular parallelepiped, there are
assembled the positive terminal 532 (corresponding to
the P terminal 57 in FIG. 3), the negative terminal 572
(corresponding to the N terminal 58 in FIG. 3), the AC
terminal 582 (corresponding to the AC terminal 59 in FIG.
3), the signal terminal 552 (for the upper arm), the gate
terminal 553 (for the upper arm), the signal terminal 556
(for the lower arm), and the gate terminal 557 (for the
lower arm). This structure is excellent in easily inserting
the semiconductor module 500 into the water channel
case. A hole 583 is provided between the positive termi-
nal 532 and the negative terminal 572 to assure insulation
therebetween. More specifically, the hole 583 is formed
in a mold resin 507 between the positive terminal 532
and the negative terminal 572..As described later, a ter-
minal insulation part attached to the capacitor module

which is provided between the positive terminal and the
negative terminal of the capacitor module 390 is inserted
into the hole 583 (see FIG. 21) . The hole 583 thus func-
tions both as insulation between the terminals and as
positioning.
[0092] The area of the top face on which the above-
mentioned terminals are provided is made larger than
the area of the bottom face, as shown in FIG. 13, so as
to protect the terminal parts that otherwise tend to be
damaged as the semiconductor module is moved on the
production line or the like. That is, the area of the top
case 512 is made larger than the area of the bottom case
516, so as to provide excellent sealability of the opening
of the cooling water channel which is to be described
hereinbelow, as well as to protect the terminals of the
semiconductor module when the semiconductor module
is produced, transported, and attached to the channel
case.
[0093] With the arrange of the terminals shown in FIG.
13, the positive terminal 532 and the negative terminal
572 each have a plate-like rectangular cross-section and
a comb-like tip. The positive terminal 532 and the nega-
tive terminal 572 are arranged right and left at equal spac-
es seen from the fin (side B) 562, and arranged close to
one side of the semiconductor module. As shown in
FIGS. 13 and 14, the terminals 532 and 572 each include
the conductor plate of the arm that extends in a vertical
direction (set up vertically) and thereafter extends in a
horizontal direction (bent at a right angle) up to the comb-
like tip. In other words, the positive terminal 532 and the
negative terminal 572 include bends and the comb-like
tips are arranged along the fin 522 (side A) . While the
terminals 532 and 572 shown in FIGS. 13 and 14 include
the bends, the terminals 532 and 572 shown in FIGS. 15
to 20 do not include the bends and are straight. This is
because FIG. 13 shows the terminals after being bent
while FIGS. 15 to 20 show the terminals before being
bent. The terminals are bent after process of soldering,
inner molding, and case adhering (joining) so that a force
is not applied on the inside semiconductor and the sol-
dering part at the time of the bending. Additionally, as-
sembly of the top case 512 becomes difficult after termi-
nals are bent.
[0094] As described in detail later, since the capacitor
module 390 is arranged facing the fin (side B) 562, the
positive electrode terminal and the negative electrode
terminal of the capacitor module are connected with the
positive electrode terminal 532 and the negative elec-
trode terminal 572 of the semiconductor module through
DC bus bars of equal length to each other, respectively.
This makes wiring easy. Connecting ends of the positive
electrode terminal 532 and the negative electrode termi-
nal 572 are each arranged with a shift from a connecting
end of the AC terminal 582 in the front and rear direction
of the semiconductor module (direction connecting both
sides of the semiconductor module to each other) . This
ensures a space for using a tool for connecting the con-
necting ends of the positive electrode terminal 532 and
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of the negative electrode terminal 572 to other compo-
nents as well as for connecting the connecting end of the
AC terminal 582 to other components, achieving excel-
lent productivity.
[0095] There is a possibility that an electric power con-
version apparatus for an automobile is cooled down to
-30° C or lower, even as low as around -40° C. On the
other hand, there is a possibility that the temperature of
the electric power conversion apparatus reaches 100° C
or higher, infrequently as high as around 150° C. As men-
tioned above, the electric power conversion apparatus
to be mounted on an automobile is used at temperatures
in a wide range and hence it is necessary to give due
considerations to changes due to thermal expansion. The
electric power conversion apparatus is also used in an
environment in which vibration is always applied thereto.
The semiconductor module 500 described with reference
to FIGS. 13 to 16 has a structure in which the semicon-
ductor chip is sandwiched by two heat dissipation metals.
According to this embodiment, a metal plate having fins
with excellent heat dissipation function is used as an ex-
ample of a heat dissipation metal. This is described in
the present embodiment as the fin 522 (side A) and the
fin 562 (side B).
[0096] In the above-mentioned structure of sandwich-
ing the semiconductor chip, both sides of the two heat
dissipation metals are fixed with the top case 512 and
the bottom case 516. In particular, the top case 512 and
the bottom case 516 each sandwich the two heat dissi-
pation metals from the outer sides thereof. Specifically,
it is only necessary to fit protrusions of the two heat dis-
sipation metals 522 and 562 in fitting parts 517 of the
bottom case 516. It is only necessary to apply the same
fitting structure to the top case 512. This structure pre-
vents a large force from generating in the direction in
which the two heat dissipation metals move away from
each other due to vibration and thermal expansion, there-
by achieving a highly reliable electric power conversion
apparatus without malfunction even through a long-term
use mounted on an automobile.
[0097] In the present embodiment, a structure is adopt-
ed in which the top case 512 and the bottom case 516
sandwich the above-mentioned two heat dissipation met-
als as well as the side cases so as to enclose the heat
dissipation metals and fix them from the outer circumfer-
ential sides. Accordingly, the reliability of the electric pow-
er conversion apparatus is further increased.
[0098] The positive electrode terminal 532, the nega-
tive electrode terminal 572, the AC terminal 582, the sig-
nal terminals 552 and 556, and the gate terminals 553
and 557 of the semiconductor module are configured to
protrude to outside through an opening in the top case
512, which is one of the cases. The opening is sealed
with the mold resin 507. The top case 512 is made of a
material having high strength, for example, a metal,
which has the thermal expansion coefficient close to that
of the two heat dissipation metals. The mold resin 507
absorbs stress generated by thermal expansion of the

case 512 and reduces the stress applied to the above-
mentioned terminals. Therefore, the electric power con-
version apparatus according to the present embodiment
can be used in an environment with severe temperature
changes or with constant vibration applied thereto. High
reliability is thus assured.
[0099] FIG. 17 is an exploded diagram showing a per-
spective view of the internal configuration of an upper
and lower arms series circuit of the semiconductor mod-
ule according to the present embodiment. The semicon-
ductor module according to the present embodiment
shown in FIG. 17 is produced in the following order.
Plates of heat dissipation metal, for example, the fin (side
A) 522 and the fin (side B) 562, which are metal plates
with fin structure, are used as basis materials, and an
electric insulation sheet (side A) 546 and an electric in-
sulation sheet (side B) 596 are fixed to the inner sides of
the metal plates, respectively, by vacuum thermocom-
pression. A conducting plate 534 on the positive elec-
trode side and an upper and lower arms connection con-
ducting plate 535 are fixed to the electric insulation sheet
(side A) 546 (see FIG. 19). A conducting plate 574 on
the negative electrode side and a conducting plate 584
on the AC terminal side are fixed to the electric insulation
sheet (side B) 596. The signal terminal 556 for the lower
arm is connected to the conducting plate 574 on the neg-
ative electrode side. The signal terminal 552 for the upper
arm is connected to the conducting plate 584 on the AC
terminal side (see FIG. 20).
[0100] The electric insulation sheet (side A) 546 and
the electric insulation sheet (side B) 596 are explained
below. They function as insulation members that electri-
cally insulate the semiconductor chip and conductors
constituting the upper and lower arms series circuit of
the inverter circuit from the fin (side A) 522 and the fin
(side B) 562. They also serve to form a heat conducting
path that conducts heat generated by the semiconductor
chip and so on to the fin (side A) 522 and the fin (side B)
562. The insulation member may be an electric insulation
sheet or plate made of a resin or may be a ceramic board.
For example, the insulation member of a ceramic board
is preferably 350 mm thick or thinner. The insulation mem-
ber of an electric insulation sheet is even thinner, pref-
erably between 50 mm to 200 mm thick. It should be noted
that a thinner insulation member is more effective for re-
ducing inductance, therefore an electric insulation sheet
made of a resin has more excellent characteristics than
a ceramic board has.
[0101] An upper arm IGBT chip 537 and an upper arm
diode chip 539 are arranged along a vertical direction
and soldered on to the conducting plate 534 of the pos-
itive electrode side on the fin (side A) 522. Similarly, a
lower arm IGBT chip 541 and a lower arm diode chip 543
are arranged along a vertical direction and soldered on
to the upper and lower arms connection conducting plate
535 on the fin (side A) 522. The size of the IGBT chip
measured along the vertical direction is substantially larg-
er than that of the diode chip. Assuming that a water
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channel occupancy represents a proportion that an IGBT
chip and a diode chip occupy to the cooling water flowing
through the fin 522, a water channel occupancy of the
upper arm IGBT chip 537 is larger than that of the upper
arm diode chip 539. This facilitates heat dissipation of
the IGBT chip, whose heat dissipation amount is larger
than that of the diode chip, thereby improving cooling
efficiency of the overall semiconductor module. The cool-
ing efficiency of the lower arm chips 541 and 543 is im-
proved similarly to that of the upper arm chips.
[0102] As further detailed in FIGS. 18 to 20, an upper
and lower arms connection soldered portion 555, which
connects the emitter of the upper arm with the collector
of the lower arm, similar to the lower arm chips 541 and
543, is formed on a conducting plate 535 of the fin (side
A) 522 (see FIGS. 18 and 19). The soldered portion 555
is connected with the AC terminal 582 (corresponding to
the AC terminal 59 in FIG. 3) through a solder layer 544
and the conducting plate 584, constituting the interme-
diate electrode 69 (see FIG. 2) of the upper and lower
arms series circuit. Wire bondings 593 and 597 respec-
tively connect between the gate electrode of the IGBT
537 of the upper arm and a signal conductor of the gate
terminal (for the upper arm) 553 and between the gate
electrode of the IGBT 541 of the lower arm and a gate
conductor of the gate terminal (for the lower arm) 557,
soldered on the conducting plates on the fin (side A) 522.
[0103] On the other hand, as shown in FIGS. 17 and
20, the electric insulation sheet (side B) 596 of the fin
(side B) 562 is fixed with the conducting plate 574 on the
negative electrode side of the negative terminal 572, the
conducting plate 584 on the AC terminal side of the AC
terminal 582, and the conducting plates of each of the
signal terminal (for the upper arm) 552 and the signal
terminal (for the lower arm) 556. The conducting plate
574 on the negative electrode side is provided with a
soldered portion 757 to which the emitter side of the lower
arm IGBT chip 541 is connected and a soldered portion
759 to which the anode side of the lower arm diode chip
543 is connected. The conducting plate 584 on the AC
terminal side is provided with a soldered portion 756 to
which the emitter side of the upper arm IGBT chip 537
is connected and a soldered portion 758 to which the
anode side of the upper arm diode chip 539 is connected.
The negative terminal 572 (corresponding to the negative
terminal 58 in FIG. 2) is connected and fixed to the lower
arm IGBT chip 541 and the lower arm diode chip 543
through the conducting plate 574, the soldered portions
757 and 759, and solder layers 540 and 542. The positive
terminal 532 is connected and fixed to the upper arm
IGBT chip 537 and the upper arm diode chip 539 through
the conducting plate 534, soldered portions 751 and 752,
and solder layers 536 and 538. The AC terminal 582 is
connected and fixed to the lower arm IGBT chip 541
through the conducting plate 584, an upper and lower
arms connection soldered portion 760 connecting to the
emitter side of the upper arm IGBT chip, the solder layer
544, the upper and lower arms connection soldered por-

tion 555, and the conducting plate 535. Each of the con-
ducting plates of the upper arm signal terminal 552 (cor-
responding to the signal terminal 55 shown in FIG. 2) and
the lower arm signal terminal 556 (corresponding to the
signal terminal 65 shown in FIG. 2) is connected to the
emitter side of each of the upper arm IGBT chip 537 and
the lower arm IGBT chip 541. The above-mentioned ar-
rangement for the semiconductor module constitutes the
circuitry of the upper and lower arms series circuit 50
shown in FIG. 2.
[0104] As shown in FIG. 17, a set of the semiconductor
chips for the upper arm and a set of the semiconductor
chips for the lower arm are each arranged along the ver-
tical direction and fixed to the fin (side A) 522, which is
one of the fins. The fin (side A) 522 is provided with the
upper arm gate terminal 553 and the lower arm gate ter-
minal 557. This enables connecting operation such as
wire bonding to be completed intensively in the produc-
tion process of one of the fins, i.e., the fin (side A) 522,
thereby improving productivity and reliability. Since the
semiconductor chip to be wired and the terminal are fixed
to the same fin, better vibration resistance is obtained
when the electric power conversion apparatus is used in
an environment with large vibration such as an automo-
bile.
[0105] As described above, the fin (side A) 522 and
the fin (side B) 562 are placed facing each other as shown
in FIG. 17. The electrodes of the IGBT chips 537 and 541
and the diode chips 539 and 543 of the fin (side A) 522
are each faced and soldered to the conducting plates
each connecting to the negative terminal 572, the AC
terminal 582, the signal terminal 552 for the upper arm,
and the signal terminal 556 for the lower arm of the fin
(side B) 562 so as to achieve the circuitry as shown in
FIG. 2. As FIG. 15 shows, the bottom case 516, the top
case 512, and the side cases 508 are bonded with an
adhesive to the fin (side A) 522 and the fin (side B) 562
constituting an integrated structure. The mold resin is
filled through the opening 513 (see FIG. 15) in the top
case into the inside to form the semiconductor module
500.
[0106] The production method and structure of the up-
per and lower arms series circuit (for example, 2 arms in
1 module structure) sandwiched between both the fins
522 and 562 of the semiconductor module 500 according
to the present embodiment will now be described with
reference to FIGS. 18 to 20. FIG. 18 is a perspective view
of the upper and lower arms series circuit that is disposed
in a fin (side A) of the semi conductor module according
to the present embodiment. FIG. 19 is a perspective view
illustrating the connection of components to be disposed
in the fin (side A) of the semiconductor module. FIG. 20
is a perspective view illustrating the connection of com-
ponents to be disposed in a fin (side B) of the semicon-
ductor module.
[0107] The basic process for producing the semicon-
ductor module according to the present embodiment will
now be described in order. Plates of heat dissipation met-
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al, for example, the fin (side A) 522 and the fin (side B)
562, which are metal plates with a fin structure in the
present embodiment, are used as base materials, and
the electric insulation sheet (side A) 546 and the electric
insulation sheet (side B) 596 are fixed to the inner sides
thereof by vacuum thermocompression. The conducting
plate 534 and the conducting plate 535 on the positive
electrode side are fixed to the electric insulation sheet
546 (side A) . The conducting plate 574 and the conduct-
ing plate 584 for AC terminal on the negative electrode
side are fixed to the electric insulation sheet 596 (side
B). FIG. 19 shows the fixing of the conducting plates 534
and 535 to the fin (side A) 522 and the electric insulation
sheet (side A) 546. FIG. 20 shows the fixing of the con-
ducting plates 574 and 584 to the fin (side B) 562 and
the electric insulation sheet (side B) 596.
[0108] The electric insulation sheet 546 (side A) is fixed
with a gate conductor of the gate terminal (for the upper
arm) 553 and a gate conductor of the gate terminal (for
the lower arm) 557. The electric insulation sheet 596 (side
B) is fixed with a signal conductor of the signal terminal
(for the upper arm) 552 and a signal conductor of the
signal terminal (for the lower arm) 556. The layout of
these is as shown in FIGS. 19 and 20.
[0109] The IGBT chip 537 (for the upper arm), the diode
chip 539 (for the upper arm), the IGBT chip 541 (for the
lower arm), and the diode chip 543 (for the lower arm)
are respectively soldered on to the soldered portions 751,
752, 753, and 754 provided on the conducting plate 534
and the upper and lower arms connection conducting
plate 535 on the positive electrode side of the fin (side
A) 522 through the solder layers 547, 548, 549, and 550.
On this occasion, the conducting plate 534 and the con-
ducting plate 535 are provided as insulated from each
other, and a pair of the IGBT chip and the diode chip are
soldered to each of the conducting plates 534 and 535.
The soldered portion 555 that connects the emitter of the
upper arm with the collector of the lower arm as shown
in FIG. 2, is soldered to the conducting plate 535 in the
same manner as the chips 541 and 543. The soldered
portion 555 for the upper and lower arms connection (see
FIG. 19) abuts against and is connected to the conducting
plate 584 for the AC terminal through the upper and lower
arms connection soldering part 7 60 (see FIG. 20) so as
to constitute the intermediate electrode 69 (see FIG. 2).
[0110] The gate wire (for the upper arm) 593 is used
for bonding connection between the gate electrode of the
IGBT 537 of the upper arm soldered on the conducting
plate 534 of the fin (side A) 522 and the gate conductor
of the gate terminal (for the upper arm) 553 (see FIG.
17). Likewise, the gate wire (for the lower arm) 597 is
used for bonding connection between the gate electrode
of the IGBT 541 of the lower arm soldered on the con-
ducting plate 535 of the fin (side A) 522 and the gate
conductor of the gate terminal (for the lower arm) 557
(see FIG. 17).
[0111] As shown in FIG. 18, the semiconductor chips
for the upper arm and the semiconductor chips for the

lower arm are fixed to the fin (side A) 522, which is one
of the fins. The semiconductor chips are provided with
the gate conductors that are connected to the gate ter-
minals 553 and 557 that control signals. The semicon-
ductor chips for the upper and the lower arms and control
lines therefor are thus fixed on one of the insulation mem-
bers. This results in intensive production process for con-
necting signal lines with the semiconductor chips, such
as wire bonding. This also results in improvement in pro-
ductivity and reliability. Both of the semiconductor chip
to be wired and the control line for wiring are fixed to a
single member, that is, one of the fins. Therefore, better
vibration resistance is obtained when the electric power
conversion apparatus is used in an environment with
large vibration such as an automobile.
[0112] As shown in FIG. 19, the semiconductor chip
537 (to be connected to the soldered portion 751) for the
upper arm and the semiconductor chip 541 (to be con-
nected to the soldered portion 753) for the lower arm are
provided so as to face toward the same direction. That
is, the respective collector surfaces of the semiconductor
chips are provided to face the electric insulation sheet
546, which is an insulating member. The soldered por-
tions 751 and 753 are provided to face the collector sides
of the IGBT chips 537 and 541. This alignment of the
direction of the semiconductor chips of the upper and the
lower arms improves workability. This is true also for the
diode chips 539 and 543.
[0113] As shown in FIG. 14, also referring to FIG. 17,
the IGBT 52 of the upper arm is provided above the diode
56 of the upper arm in the upper and lower arms series
circuit 50 incorporated in the semiconductor module 500
according to the present embodiment. This configuration
is true for the IGBT and diode in the lower arm. As detailed
later, the semiconductor module 500 shown in FIG. 13
is inserted into the cooling water channel from above so
that the cooling water flowing in the cooling water channel
cools the semiconductor module 500. More specifically,
the cooling water flows through the comb-like parts (con-
cave, depression part) of the fin (side A) 522 and the fin
(side B) 562.
[0114] The length L of the IGBT 52 is larger than the
length M of the diode 56 in, for example, the upper arm
(L > M) . Cooling effect of the cooling water flowing
through the comb-like parts of the fins depends on the
lengths L and M. In other words, the amount of the cooling
water corresponds to the lengths L and M. Therefore, the
amount of cooling water used for cooling the IGBT, whose
heat should be dissipated more than that of the diode, is
larger than that for the diode, improving the cooling effi-
ciency.
[0115] The semiconductor module 500 with the inte-
grated structure shown in FIG. 13 includes the positive
terminal 532 and the negative terminal 572 that protrude
upwards, which are to be connected to the positive elec-
trode side and the negative electrode side of the capacitor
90. The terminals 532 and 572 are arranged on a straight
line along the cooling water channel(along the long side
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of the rectangle of the cross-section of the semiconductor
module seen from above). As described in detail later, a
plurality of semiconductor modules are provided on the
both sides of the capacitor module so that the long side
of the rectangle of the cross-section of each of the sem-
iconductor modules are substantially aligned if seen from
above (along the flow of the cooling water). In other
words, the plurality of semiconductor modules sandwich
the capacitor module (see FIG. 11).
[0116] In the arrangement of the semiconductor mod-
ules and the capacitor module describedabove, the ter-
minals on the positive and negative sides of the capacitor
module are arranged so as to face respectively the pos-
itive terminal 532 and the negative terminal 572 of the
semiconductor module shown in FIG. 13. This enables
bars identical in shape and in length to be used on both
the positive and negative sides for connecting the sem-
iconductor module 500 with the capacitor module 390.
This results in improvement in workability and reduction
in inductance which results from the switching action of
the IGBTs.
[0117] A specific configuration for improvement in min-
iaturization, cooling efficiency, and assemblability in the
electric power conversion apparatus according to the em-
bodiment of the present invention will now be described
with reference to FIGS. 7 to 12. FIG. 7 is an exploded
perspective view illustrating the arrangement of the sem-
iconductor modules of the electric power conversion ap-
paratus according to the embodiment of the present in-
vention, showing the same electric power conversion ap-
paratus as that shown in FIG. 5 except for the upper case,
the control board, the driver board, and the AC connec-
tors, which have been removed therefrom. FIG. 8 is a
perspective view of an electric system of the semicon-
ductor module shown in FIG. 7 with alternate current con-
nectors and a direct current connector added thereto.
FIG. 9 is an exploded perspective view of the power sys-
tem of the semiconductor module shown in FIG. 8. FIG.
10 is an exploded cross-sectional view showing the con-
figuration of the semiconductor module shown in FIG. 7
as seen from the direction of flow of the cooling water.
FIG. 11 is cross-sectional view of the electric power con-
version apparatus according to the present embodiment
from which the upper case has been removed as seen
from the direction of flow of the cooling water. FIG. 12 is
a cross-sectional view of the semiconductor module, the
capacitor module, and the cooling water channel accord-
ing to the present embodiment as seen from above.
[0118] Now, arrangement of the semiconductor mod-
ule, the cooling water channel, and the electric system
of the electric power conversion apparatus according to
the present embodiment will first be described with ref-
erence to FIGS. 7 to 9. FIGS. 7 to 9 show examples of
the structure of six semiconductor modules of two sys-
tems: A first semiconductor module incorporated therein
the upper and lower arms series circuits of an upper side
for U1-phase, V1-phase, and W1-phase as shown in FIG.
3, and a second semiconductor module incorporated

therein the upper and lower arms series circuits of a lower
side for U2-phase, V2-phase, and W2-phase. The first
semiconductor module is connected to the first alternate
current connector 88 through three first alternate current
bus bars 391. Similarly, the second semiconductor mod-
ule is connected to the second alternate current connec-
tor 89 through three second alternate current bus bars
392. In the drawings, the first semiconductor module in-
corporated therein the upper and lower arms series cir-
cuits of the upper side for U1-phase, V1-phase, and W1-
phase as shown in FIG. 3 is provided on the side of the
cooling water channel inlet 246 (the side where the al-
ternate current connectors 88 and 89 are provided) . The
second semiconductor module 2 constituted by U2-
phase, V2-phase, andW2-phase is provided on the other
side (the side of the water channel outlet 248).
[0119] The direct current connector 38 to be connected
with the capacitor module 390 is provided on the opposite
side of the side on which the cooling water inlet 246 and
the outlet 248 are provided. The alternate current con-
nectors 88 and 89 (see FIG. 3) are mounted on an alter-
nate current connector mounting part 123 sandwiching
the positioning member 122 for the alternate current con-
nectors, and the alternate current connector flange 91 is
provided thereon. On the both sides of a capacitor mod-
ule insertion part (second opening) 147 into which the
capacitor module 390 (see FIG. 11) is inserted, a semi-
conductor module insertion water channel (first opening)
237 into which the semiconductor module 500 is inserted
is formed in the lower case 142 (see FIG. 10). A thermal
conduction material 600 is filled in a gap between the
inner wall of the capacitor module insertion part 147 and
the outer wall surface of the capacitor module 390. The
thermal conduction material 600 includes resin, grease,
or the like. The semiconductor modules 500 are thus ar-
rangedboth sides of the capacitor module 390 so as to
sandwich the capacitor module 390.
[0120] The first module lid 145 is provided on the first
semiconductor module arranged on the alternate current
connector side. The second module lid 146 is provided
on the second semiconductor module arranged on the
opposite side of the alternate current connector side. The
water channel lid 144 (see FIG. 9) is provided on a front
return channel 227 (see FIGS. 7 and 12) in which the
water channel inlet 246 and the outlet 248 are provided.
In the semiconductor module insertion water channel 237
(see FIG. 10), a rear return channel 236 is provided (see
FIG. 7) on the opposite side of the above-mentioned front
return channel. A first water channel forming member
490 and a second water channel forming member 491
are provided near the water channel inlet 246 and near
the water channel outlet 248, respectively, so that the
cooling water is guided to flow throughout the fin (side
A) and the fin (side B) of the semiconductor module (see
FIG. 12).
[0121] Arrangement of the semiconductor modules,
the cooling water channel, and the electric system of the
electric power conversion apparatus according to the
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present embodiment will then be described with refer-
ence to FIGS. 10 to 12. According to the present embod-
iment, a slot-in structure is adopted to insert the semi-
conductor module 500 from above into the water channel
237 formed in the lower case 142. The semiconductor
module 500 is positioned by semiconductor module po-
sitioning members 502 of the lower case 142 and is fixed
to the water channel 237 by a semiconductor module
fixing member 501 of the module lids 145 and 146.
[0122] The semiconductor modules 500, 500, and 500
for U1-phase, V1-phase, and W1-phase shown in FIG.
3, which are arranged along a direction rearward from
the first water channel forming member 490, are inserted
and fixed to the water channel on the side of the alternate
current connector mounting part 123, on which the alter-
nate current connectors 88 and 89 are mounted. Like-
wise, the semiconductor modules 500, 500, and 500 for
U2-phase, V2-phase, and W2-phase shown in FIG. 3 are
inserted and fixed to the water channel on the side of the
water channel outlet 248.
[0123] As shown in FIG. 12, the water enters from the
water channel inlet 246, as represented by a water flow
250, and guided by the first water channel forming mem-
ber 490. Flow of water, as represented by a water flow
251, is generated along the side of one of the fins of the
semiconductor module 500. The water passes through
or is bent through the return channel 236 in the rear sec-
tion of the water channel 237 as indicated by a water flow
252, to create a water flow 253. Then, the water is guided
by the first water channel forming member 490 to flow
through the front return channel 227, and is guided by
the second water channel forming member 491 to flow
through the water channel on the side of the water chan-
nel outlet 248. The water flows through the water channel
on the right side shown in FIG. 12, which is connected
to the water channel outlet 248, in the same manner as
through the water channel on the above-described left
side.
[0124] As shown in FIG. 12, three semiconductor mod-
ules 500 are arranged on the left side of the capacitor
module 390 and another three semiconductor modules
500 are arranged on the right side of the capacitor module
390. A conventional technology includes a configuration
in which water channel inlet and outlet are arranged on
the same side (for example, the front surface), six invert-
ed U-shaped water channels are arranged in a direction
connecting the inlet with the outlet (for example, right and
left) and are connected in order with return water chan-
nels so as to dispose six semiconductor modules 500 in
each of the inverted U-shaped water channels. The
number of U-shaped return water channels is 11 in the
configuration according to the above-described conven-
tional technology. On the other hand, the number of U-
shaped return water channels is 3 in the configuration
according to the present embodiment shown in FIG. 12:
Two return channels 236 (the return channels at the right
top and the left top of the channel), and one return chan-
nel through which the water flow 254 and the water flow

256 pass.
[0125] While the configuration according to the above-
described conventional technology includes 11 U-
shaped water channels, the configuration according to
the present embodiment shown in FIG. 12 includes 3 U-
shaped water channels. Therefore, pressure drop due to
diversion of water flow can be significantly reduced in the
configuration according to the present embodiment
shown in FIG. 12. The reduction in the pressure drop
equalizes the speed of the water flowing through the inlet
and the speed of the water flowing through the outlet. As
a result, the cooling efficiency by the cooling water will
not decrease so much.
[0126] As shown in FIGS. 11 and 12, the capacitor
module 390 is provided with water channels on its both
right and left sides and on its front (the water flow 255).
Through the thermal conduction material 600, the capac-
itor module 390 is also cooled by the cooling water flowing
through the water channels.
[0127] As shown in FIG. 11, also referring to FIG. 5,
the upper surface of the capacitor module 390 occupies
a considerably large area of the electric power conver-
sion apparatus 100. Therefore, an effective use of the
upper surface of the capacitor module 390 is one of the
characteristic features of the present embodiment . More
specifically, the upper surface of the capacitor module
390 is provided with the driver board 386 (corresponding
to the driver board 74. shown in FIG. 2) thereon.
Onthedriverboard386, the driver ICs 387 are mounted.
The control board 372 is provided on the driver board
386 via a connecting member. Both of the boards 386
and 372 are electrically connected with each other via
the signal connector 388 (see FIG. 5). On the control
board 372, the control board ICs 373 are mounted. In the
present embodiment, as described above, the upper sur-
face of the capacitor module 390 is thus effectively used
by providing the driver board and the control board ther-
eon.
[0128] More specifically, the left semiconductor mod-
ules (for U1-phase, V1-phase, and W1-phase) shown in
FIG. 11 correspond to the first inverter circuit 45 shown
in FIG. 3, while the right semiconductor modules (for U2-
phase, V2-phase, and W2-phase) shown in FIG. 11 cor-
respond to the second inverter circuit 46 shown in FIG.
3. Normally, the driver board 386 is provided for each of
the first inverter circuit 45 and the second inverter circuit
46. However, in the present embodiment, the driver
board bridges between the first inverter circuit 45 includ-
ing the left three semiconductor modules 500 shown in
FIG. 11 and the second inverter circuit 46 provided on
the right side (see FIG. 3). Therefore, the single driver
board 386 is only necessary for two inverter circuits, i.e.,
the first inverter circuit and the second inverter circuit.
[0129] As shown in FIG. 10, the lower case 142 forms
and functions as a channel case (the water channel 237
in FIG. 10) and as the capacitor module insertion part
147. Therefore, the lower case 142 functions as the chan-
nel case and as positioning of the capacitor module 390,
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thereby enabling an easy positioning of the capacitor
module.
[0130] As known from the arrangement of the semi-
conductor modules 500 and the capacitor module 390 of
the electric power conversion apparatus shown in FIG.
7 and the arrangement of the positive terminal 532 and
the negative terminal 572 of each semiconductor module
500 shown in FIG. 13, the capacitor module 390 is ar-
ranged to face the fins (side B) 562. Therefore, the pos-
itive terminal and the negative terminal of the capacitor
module 390 are connected with the positive terminals
532 and the negative terminals 572 of the semiconductor
modules 500 through direct current bus bars that are
equal to each other in length. This makes wiring easy as
follows. One of the two direct current bus bars that are
equal to each other in length and in structure bridges
between the positive terminal 532 and the positive ter-
minal of the capacitor module 390. The other of the two
bridges between the negative terminal 572 and the neg-
ative terminal of the capacitor module 390. The direct
current bus bars that are identical in shape, which is a
simple structure, connect between the positive terminals
and between the negative terminals of the capacitor mod-
ule and each semiconductor module, so as to achieve
wiring with low inductance.
[0131] FIG. 21 is a perspective view showing a struc-
ture of a terminal connection between the semiconductor
module and the capacitor module according to the
present embodiment. FIG. 21 shows one side of the
structure in which the semiconductor modules 500 sand-
wich the capacitor module 390.
[0132] A direct current bus bar 393 protrudes from the
capacitor module 390, and is provided with a positive
terminal 394 and a negative terminal 395 of the capacitor
module at the end thereof. The positive terminal 394 and
the negative terminal 395 are each provided with comb-
like terminals set up vertically at the tip thereof. A thin,
plate-shaped capacitor module terminal insulation part
396 is mounted to the direct current bus bar 393 between
the positive terminal 394 and the negative terminal 395
so as to ensure insulation between these terminals. The
thin, plate-shaped terminal insulation part 396 is inserted
into the insertion hole 583 provided on the upper side of
the semiconductor module 500 so as to determine the
position of terminal connection between the semiconduc-
tor module 500 and the capacitor module 390.
[0133] This positioning stabilizes the connections be-
tween the positive terminal 532 of the semiconductor
module and the positive terminal 394 of the capacitor
module and between the negative terminal 572 of the
semiconductor module and the negative terminal 395 of
the capacitor module. In other words, the comb-like ter-
minals are tightly attached with each other, thereby mak-
ing a subsequent operation, for example, soldering easy
and firm. The connecting terminals of the capacitor mod-
ule 390 and the semiconductor module are each made
comb-shaped so as to make welding or other fixing meth-
od of the connecting terminals easy. As illustrated, since

the positive terminal 532 and the negative terminal 572
of the semiconductor module are arranged in parallel to
the side of the capacitor module 390, which faces to the
semiconductor module, the positive terminal 394 and the
negative terminal 395 of the capacitor module can be
provided with the same protrusion configuration. Since
the plurality of semiconductor modules 500 are arranged
next to each other along the long side of their fins, the
configuration of the direct current bus bars 393 of the
capacitor module for each of the semiconductor modules
can be made identical.
[0134] The reduction in inductance of the semiconduc-
tor module according to the present embodiment is de-
scribed with reference to FIGS. 22 and 23. FIG. 22 is a
schematic structural layout illustrating reduction of wiring
inductance in the semiconductor module and the capac-
itor module according to the present embodiment. FIG.
23 is a schematic equivalent circuit diagram illustrating
reduction of wiring inductance in the semiconductor mod-
ule and the capacitor module according to the present
embodiment. Because a transient voltage increase and
generation of a large amount of heat in the semiconductor
chip occurs at the time of switching action of the upper
arm and the lower arm that constitute the inverter circuit,
it is desirable that the inductance is decreased particu-
larly at the time of switching action. Based on a recovery
current 600 of a diode, which is generated upon transient
time, the effect of reduction in inductance will be de-
scribed with an example of the recovery current of the
diode 543 (corresponding to the diode 66 shown in FIG.
2) of the lower arm.
[0135] The recovery current of the diode 543 means
current that flows through the diode 543 in spite of reverse
bias. This is generally said to be caused by carriers filled
in the diode 543 in a forward state of the diode 543. When
conducting action and blocking action of the upper arm
and the lower arm that constitutes the inverter circuit are
performed in a predetermined order, three-phase alter-
nate current is generated in the AC terminal 582 of the
inverter circuit. More particularly, when the semiconduc-
tor chip 537 acting as the upper arm is switched from a
conducting state to a blocking state, a return current flows
through the diode 543 of the lower arm in a direction for
maintaining the current of a stator coil of the motor gen-
erator 92 (see FIG. 2) . The return current is a forward
current of the diode 543 and the inside of the diode is
filled with carriers. When the semiconductor chip 537 act-
ing as the upper arm is switched from a blocking state to
a conducting state, the recovery current due to above-
mentioned carriers flows in the diode 543 of the lower
arm. During steady operations, one of the upper arm and
the lower arm of the upper and lower arms series circuit
is in a blocking state, so that no short-circuit current flows
through the upper and the lower arms. However, the cur-
rent in a transient state, for example, the recovery current
of a diode, flows through the series circuit constituted by
the upper and the lower arms.
[0136] In the configuration shown in FIGS. 22 and 23,
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when the IGBT 537 (switching semiconductor element)
acting as the upper arm of the upper and lower arms
series circuit is changed from OFF to ON, the recovery
current of the diode 543 flows from the positive electrode
terminal 532 (corresponding to the terminal 57 of FIG. 2)
to the negative electrode terminal 572 (corresponding to
the terminal 58 of FIG. 2) via the IGBT 537 and the diode
543 (as indicated by arrows in FIG. 22) . At this moment,
the IGBT 541 is in a blocking state. The recovery current
flows as follows. As shown in FIG. 22, in the path from
the semiconductor chip 537 to the positive electrode ter-
minal 532 and the path from the semiconductor chip 543
to the negative electrode terminal 572, the conductor
plates are arranged vertically and in parallel with each
other, and the same current flows but in opposite direc-
tions. Then, magnetic fields generated by the respective
currents cancel each other in the space between the con-
ductor plates, resulting in a decrease in inductance of
the current path.
[0137] The conductor plate 534 and the positive elec-
trode terminal 532 on the positive electrode side and the
conductor plate 574 and the negative terminal 572 on
the negative electrode side are arranged closely against
each other. This arrangement is referred to as a laminate
arrangement. The laminate arrangement causes an ef-
fect of reducing inductance. FIG. 23 shows an equivalent
circuit of the device of FIG. 22. An equivalent coil 712 of
the conductor plate 534 on the positive electrode side
and the positive electrode terminal 532 and an equivalent
coil 714 of the conductor plate 574 on the negative elec-
trode side and the terminal 572 interact with each other
so as to cancel their magnetic fluxes to decrease induct-
ance.
[0138] The path of the recovery current shown in FIG.
22 includes the paths through which the current flows in
the opposite directions in parallel and an additional path
in the form of a loop. When current flows through the
loop-shaped path, eddy currents 602 and 601 flow in the
fin (side A) and the fin (side B) . Due to the effect of can-
celing magnetic fluxes by the eddy currents, the induct-
ance in the loop-shaped path is decreased. In the equiv-
alent circuit shown in FIG. 23, the phenomenon in which
eddy current is generated is equivalently expressed by
inductances 722, 724, and 726. These inductances are
arranged close to the metal plates that serve as the fins,
so that the eddy current generated by induction and the
generated magnetic flux cancel each other. As a result,
the inductance of the semiconductor module is de-
creased by the effect of eddy current.
[0139] As described above, by the arrangement of the
circuitry of the semiconductor module according to the
present embodiment, more particularly, by the effect of
the laminate arrangement and the effect of eddy current,
inductances can be decreased. It is important to de-
crease the inductance at the time of the switching action.
In the semiconductor module of the present embodiment,
the upper and lower arms series circuit is housed in the
semiconductor module. This provides a significant effect

of decreasing inductance in a transient state. For exam-
ple, it is possible to decrease inductance for the recovery
current of the diode that flows through the upper and
lower arm series circuit.
[0140] Decreasing inductance results in lowering an
induction voltage generated in the semiconductor mod-
ule and in obtaining a circuitry having a low loss. In ad-
dition, lowering induction results in improving the switch-
ing speed. When attempts are made to increase capacity
by arranging a plurality of the semiconductor modules
500 each including the above-mentioned upper and low-
er arms series circuit 50 in parallel and connecting them
to the capacitors 90 in the capacitor module 390, respec-
tively, a decrease in inductance of each semiconductor
module 500 decreases influence of fluctuation of induct-
ance by the semiconductor modules in the electric power
conversion apparatus 100, so that the action of the in-
verter device becomes more stable.
[0141] When a motor generator is required to have a
high capacity (for example, 400 A or more), a capacitor
is also required to have a high capacity. When a multitude
of capacitors 90 are connected in parallel and the direct
current bus bars 393 are arranged in parallel, the positive
electrode terminal 532 and the negative electrode termi-
nal 572 of each of the semiconductor modules are con-
nected to each capacitor terminal at an equal distance.
That is, the positive terminal and the negative terminal
of each semiconductor module 500 and the terminals of
each capacitor 90 are connected through DC bus bars
(connecting members) 393 identical to one another in
shape and in length. Such connection can also be
achieved by the structure shown in FIG. 21. This makes
the current that flows in each of the semiconductor mod-
ules uniformly distributed, enabling the motor generator
to operate in good balance at a low loss. By parallelly
arranging the positive electrode terminal and the nega-
tive electrode terminal of the semiconductor module, in-
ductance is decreased due to the effect of laminate ar-
rangement and it is possible to operate the motor gen-
erator at a low loss.
[0142] As described above, the electric power conver-
sion apparatus according to the embodiment of the
present invention uses the double side cooling semicon-
ductor module so as to improve miniaturization, assem-
blability, and cooling efficiency. The capacitor module
insertion part is provided in the center of the substantially
rectangular parallelepiped channel case in which the wa-
ter channel inlet and the outlet are provided on the same
side thereof. The water channel that extends from the
water channel inlet to the water channel outlet is provided
on the both sides of the center described above. The
plurality of semiconductor modules are slotted in to the
water channel along the long side of the fins of the sem-
iconductor modules. The configuration described above
is assumed to be a basic structure. In the basic structure,
the first and second alternate current connectors are pro-
vided on a side other than the side on which the water
channel inlet and the outlet are provided. The direct cur-
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rent connector is provided on yet another side.
[0143] In this basic structure, the driver board of the
upper and lower arms series circuit incorporated in the
semiconductor module is provided on the upper surface
of the capacitor module. The control board is provided
on the driver board. Thus, an effective use of the upper
surface of the capacitor module is addressed for the over-
all configuration.
[0144] The configuration of the water channel and the
plurality of semiconductor modules shown in FIG. 12 re-
duces the number of U-turns in the water flow. Accord-
ingly, pressure drop due to diversion of water flow is sig-
nificantly reduced. The sandwich configuration of the ca-
pacitor module and the water channel shown in FIG. 12
enables the capacitor to be cooled by the cooling water
flowing through the water channel. The arrangement of
the positive terminal and the negative terminal of the sem-
iconductor module shown in FIG. 13 allows the direct
current bus bars with an identical structure to be used to
connect these terminals with the corresponding terminals
of the capacitor module, achieving low inductance wiring.
The upper surface of the capacitor module is effectively
utilized by providing the driver board and the control
board thereon. Even if the electric power conversion ap-
paratus is configured to include two inverter circuits, a
single driver board can be used as a common driver
board. The positioning of the capacitor module is secured
and made easy by providing the capacitor module inser-
tion part in the water channel chassis formed by the lower
case.
[0145] As shown in FIG. 14, the IGBT of the upper arm
and the IGBT of the lower arm incorporated in the sem-
iconductor module have their length L along the vertical
direction, and are arranged along the direction of water
flowing through the water channel. Similarly, the diodes
of the upper arm and the lower arm with their length M
along the vertical direction are dispo.sed below the IG-
BTs. Therefore, there is no unnecessary length in the
vertical direction of the semiconductor module, leading
to miniaturization. The IGBT, which is to be cooled pri-
marily, occupies an area of the water channel corre-
sponding to the length L (the vertical length of the fin),
which is longer than the length M. This contributes to
improvement in the cooling efficiency.
[0146] Another example of the arrangement of the pos-
itive and the negative terminals of the semiconductor
module according to the present embodiment will now
be described with reference to FIG. 24. The semiconduc-
tor module shown in FIG. 21 has the structure in which
the positive terminal 532 and the negative terminal 572
are arranged so that the comb-like terminals which are
set up vertically are arranged along the direction of the
water flowing through the fin (side A) 522 (see FIG. 13).
As shown in FIG. 24, on the other hand, the comb-like
terminals of the positive terminal 532 and the negative
terminal 572 are configured to face each other along the
short side of the semiconductor module. That is, the teeth
of the comb-shaped positive terminal 532 are arranged

along the direction of the water flow on the side of the fin
(side A) 522, while the teeth of the comb-shaped negative
terminal 572 are arranged along the direction of the water
flow on the side of the fin (side B) 562. The teeth of the
comb-shaped positive terminal and the teeth of the comb-
shaped negative terminal face each other along the short
side of the semiconductor module. Only difference be-
tween the configurations shown in FIGS. 24 and 21 is
the arrangement of the positive terminal 532 and the neg-
ative terminal 572. It is to be noted that the arrangement
of other terminals may differ to a certain extent.
[0147] The conducting plate 534 (positive electrode
side) and the conducting plate 574 (negative electrode
side) are each provided with bends so as to form the
comb-shaped terminals facing each other as illustrated.
The terminal insulation part insertion hole 583 is provided
between the conducting plates 534 and 574 of the termi-
nals 532 and 572 of the semiconductor module so as to
correspond to the terminal insulation part 396 of the ca-
pacitor module. In accordance with the arrangement of
the positive and negative terminals of the semiconductor
module 500 described above, the positive terminal 394
and the negative terminal 395 of the capacitor module
390 are arranged. More specifically, the angles between
the direct current bus bar 393 and the positive and neg-
ative terminals and between the direct current bus bar
393 and the terminal insulation part are shifted by 90
degrees to the arrangement shown in FIG. 21. That is,
the example of another configuration shown in FIG. 24
can be achieved only by changing the configuration of
the positive and the negative terminals of the semicon-
ductor module and the capacitor module.
[0148] Configuration examples of a water channel and
a plurality of semiconductor modules according to the
present embodiment will now be described with refer-
ence to FIGS. 25A to 26B. FIGS. 25A to 25C show ex-
planatory diagrams illustrating configuration examples of
a water channel and a plurality of semiconductor modules
according to the present embodiment. FIGS. 26A and
26B show explanatory diagrams illustrating other config-
uration examples of a water channel and a plurality of
semiconductor modules according to the present embod-
iment.
[0149] In FIGS. 25A to 26B, reference numeral 142
designates a lower case; 226 designates a front inlet wa-
ter channel; 227 designates a front return water channel;
228 designates a front outlet water channel; 236 desig-
nates a rear return water channel; 237 designates a sem-
iconductor module insertion channel; 246 designates a
water channel inlet; 248 designates a water channel out-
let; 258 designates a water flow; 390 designates a ca-
pacitor module; 490 designates a first water channel
forming member; 491 designates a second water chan-
nel forming member; 500 designates a semiconductor
module; and 600 designates a thermal conduction ma-
terial.
[0150] FIG. 25A illustrates the configuration of the wa-
ter channel and the semiconductor modules shown in
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FIG. 12 whose structure and function are described with
reference to FIG. 12. FIG. 25B illustrates a variation of
the configuration of the water channel which intends to
improve cooling efficiency of the capacitor module and
to reduce pressure loss of the cooling water flowing
through the water channel. The variation shown in FIG.
25B is explained as follows in contrast to the example in
FIG. 25A. In FIG. 25A, three semiconductor modules are
inserted into the inlet water channel 226. As shown in
FIG. 25A, the cooling water first cools the semiconductor
modules provided close to the inlet water channel 226,
and then cools the semiconductor modules provided
close to the outlet water channel 228. Therefore, tem-
perature of the cooling water that is exposed to the sem-
iconductor modules deviates between vicinity of the inlet
water channel 226 and vicinity of the outlet water channel
228, resulting in nonuniformity of cooling.
[0151] In FIG. 25B, on the other hand, the first water
channel forming member 490 is provided in the rear so
as to form the return water channels 236. Therefore, one
side , that is, the fin (side A) 522 or the fin (side B) 562
shown in FIG. 13, of the semiconductor modules 500
provided in vicinity of the inlet water channel 226 and the
outlet water channel 228 is cooled first, and the other
side is cooled last. This has the advantage of relative
uniformity in the cooling of the semiconductor modules
500.
[0152] FIG. 25C illustrates a variation of the water
channel in which the return water channels 236 are pro-
vided in the rear as in FIG. 25B, as well as the first water
channel forming member 490 and the second water
channel forming member 491 are disposed as illustrated.
A plurality of semiconductor modules 500 are divided into
three units each provided near each side of the rectan-
gular case. For example, the semiconductor modules
500 are divided into the three units so as to include one
of the semiconductor modules of U-phase, V-phase, and
W-phase, assuring thermal balance for each of the phas-
es. This has the advantage of preventing any one of the
phases from being heated to a high temperature.
[0153] FIGS. 26A and 26B show other variations of the
water channel in which the water channel inlet 226 and
the water channel outlet 228 are not provided with water
channel forming members thereat, but a water channel
is provided in the rear. In the variation shown in FIG. 26A,
the water channel forming members 490 and 491 are
omitted all through the water channel from the water
channel inlet to the water channel outlet, reducingpro-
duction cost. In comparison with the water channels
shown in FIGS. 25A to 25C, the number of turning points
in the water channel can be reduced, and by branching
the water flow, the cooling water flows slower through
each water path, reducing the pressure loss in the water
channel.
[0154] FIG. 26B shows a variation in which the semi-
conductor modules for each of the phases are provided
along each of the sides of the water channel. In compar-
ison with the variations in FIGS. 25A to 25C, the number

of turning points in the water channel can be reduced,
and by branching the water flow, the cooling water flows
slower through each water path, reducing the pressure
loss in the water channel.
[0155] According to the above explained embodiments
of the present invention, the water channel case which
also functions as the lower case is provided with openings
in which the semiconductor modules and the capacitor
module are arranged on the substantially same plane,
so that the semiconductor modules are arranged to sand-
wich the capacitor module. This arrangement results in
improvement in miniaturization, cooling efficiency, as-
semblability, and product reliability of the electric power
conversion apparatus.
[0156] The above-described embodiments are exam-
ples, and various modifications can be made without de-
parting from the scope of the invention.

Claims

1. A semiconductor module, comprising:

a plurality of power semiconductor elements
(537, 539, 541, 543) that include an upper arm
side power semiconductor element (537, 539)
and a lower arm side power semiconductor el-
ement (541, 543);
a first metal heat dissipation member (522) and
a second metal heat dissipation member (562)
that face to one another, with the plurality of pow-
er semiconductor elements (537, 539, 541, 543)
sandwiched therebetween;
a positive conducting plate (534) that is disposed
between the first metal heat dissipation member
(522) and the upper arm side power semicon-
ductor element (537, 539);
a negative conducting plate (574) that is dis-
posed between the second metal heat dissipa-
tion member (562) and the lower arm side power
semiconductor element (541, 543); and
a DC terminal (532, 572) that supply DC power
to the plurality of power semiconductor elements
(537, 539, 541, 543), wherein:

the DC terminal (532, 572) includes a pos-
itive terminal (532) and a negative terminal
(572);
the positive terminal (532) is configured to
supply the DC power to the upper arm side
power semiconductor element (537, 539)
via the positive conducting plate (534);
the negative terminal (572) is configured to
supply DC power to the lower arm side pow-
er semiconductor element (541, 543) via the
negative conducting plate (574);
each of the positive terminal (532) and the
negative terminal (572) includes a main sur-
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face that is wider than other surfaces thereof
and a side surface that is narrower than the
main surface,
characterized in that
the positive terminal (532) and the negative
terminal (572) are aligned on a straight line
parallel to heat dissipation surfaces of the
semiconductor module so that the side sur-
face of the positive terminal (532) faces to
the side surface of the negative terminal
(572) outside a space formed between the
first metal heat dissipation member (522)
and the second metal heat dissipation
member (562).

2. The semiconductor module according to claim 1, fur-
ther comprising:

a first insulation member (546) that is disposed
between the positive conducting plate (534) and
the first metal heat dissipation member (522) in
a contact state with the positive conducting plate
(534) and the first metal heat dissipation mem-
ber (522);
a second insulation member (596) that is dis-
posed between the negative conducting plate
(574) and the second metal heat dissipation
member (562) in a contact state with the nega-
tive conducting plate (574) and the second metal
heat dissipation member (562); and
a mold resin (507) that seals the plurality of pow-
er semiconductor elements (537, 539, 541, 543)
between the first insulation member (546) and
the second insulation member (596).

3. The semiconductor module according to claim 2, fur-
ther comprising:

the first insulation member (546) and the second
insulation member (596) is made of a ceramic
plate.

4. The semiconductor module according to claim 2, fur-
ther comprising:

the first insulation member (546) and the second
insulation member (596) is an insulation sheet
made of a resin.

5. The semiconductor module according to any one of
claims 2 to 4, wherein:

the mold resin (507) includes a recessed portion
(583) that is formed between the positive termi-
nal (532) and the negative terminal (572).

6. The semiconductor module according to any one of
claims 1 to 5, wherein:

the DC terminal (532, 572) includes a bending
portion.

7. The semiconductor module according to any one of
claims 1 to 6, wherein:

the DC terminal (532, 572) is integrally formed
with the positive conducting plate (534) or the
negative conducting plate (574).

8. A power conversion apparatus for converting DC
power to AC power, comprising:

a capacitor module (390) that includes a capac-
itor element (90) for smoothing the DC power;
a plurality of power semiconductor elements
(537, 539, 541, 543) that include an upper arm
side power semiconductor element (537, 539)
and a lower arm side power semiconductor el-
ement (541, 543);
a first metal heat dissipation member (522) and
a second metal heat dissipation member (562)
that face to one another, with the plurality of pow-
er semiconductor elements (537, 539, 541, 543)
sandwiched therebetween;
a positive conducting plate (534) that is disposed
between the first metal heat dissipation member
(522) and the upper arm side power semicon-
ductor element (537, 539);
a negative conducting plate (574) that is dis-
posed between the second metal heat dissipa-
tion member (562) and the lower arm side power
semiconductor element (541, 543); and
a DC terminal (532, 572) that supply DC power
to the plurality of power semiconductor elements
(537, 539, 541, 543), wherein:

the DC terminal (532, 572) includes a pos-
itive terminal (532) and a negative terminal
(572);
the positive terminal (532) is configured to
supply the DC power to the upper arm side
power semiconductor element (537, 539)
via the positive conducting plate (534);
the negative terminal (572) is configured to
supply DC power to the lower arm side pow-
er semiconductor element (541, 543) via the
negative conducting plate (574);
the capacitor module (390) includes a ca-
pacitor-side positive terminal (394) and a
capacitor-side negative terminal (395), the
capacitor-side positive terminal (394) and
the capacitor-side negative terminal (395)
connecting to the positive terminal (532)
and the negative terminal (572) respective-
ly; and
each of the positive terminal (532) and the
negative terminal (572) includes a main sur-
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face that is wider than other surfaces thereof
and a side surface that is narrower than the
main surface,
characterized in that:

the positive terminal (532) and the neg-
ative terminal (572) are aligned on a
straight line parallel to heat dissipation
surfaces of the semiconductor module
so that the side surface of the positive
terminal (532) faces to the side surface
of the negative terminal (572) outside
a space formed between the first metal
heat dissipation member (522) and the
second metal heat dissipation member
(562).

9. The power conversion apparatus according to claim
8, further comprising:

a first insulation member (546) that is disposed
between the positive conducting plate (534) and
the first metal heat dissipation member (522) in
a contact state with the positive conducting plate
(534) and the first metal heat dissipation mem-
ber (522);
a second insulation member (596) that is dis-
posed between the negative conducting plate
(574) and the second metal heat dissipation
member (562) in a contact state with the nega-
tive conducting plate (574) and the second metal
heat dissipation member (562); and
a mold resin (507) that seals the plurality of pow-
er semiconductor elements (537, 539, 541, 543)
between the first insulation member (546) and
the second insulation member (596).

10. The power conversion apparatus according to claim
9, further comprising:

the first insulation member (546) and the second
insulation member (596) is made of a ceramic
plate.

11. The power conversion apparatus according to claim
9, further comprising:

the first insulation member (546) and the second
insulation member (596) is an insulation sheet
made of a resin.

12. The power conversion apparatus according any one
of claims 9 to 11, wherein:

the mold resin (507) includes a recessed portion
(583) that is formed between the positive termi-
nal (532) and the negative terminal (572).

13. The power conversion apparatus according to any
one of claims 8 to 12, wherein:

the DC terminal (532, 572) includes a bending
portion.

14. The power conversion apparatus according to any
one of claims 8 to 13, wherein:

the DC terminal (532, 572) is integrally formed
with the positive conducting plate (534) or the
negative conducting plate (574).
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