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(54) ELECTROMECHANICAL MOTOR UNIT

(57) In a driving unit of an electromechanical motor
unit, a semiconductor chip and a smoothing capacitor
are joined to a second main surface of a substrate having
a first main surface and the second main surface. The
semiconductor chip includes a first end portion facing the
second main surface, and a second end portion on the
opposite side of the semiconductor chip from the first end
portion. The smoothing capacitor includes a third end
portion facing the second main surface, and a fourth end
portion on the opposite side of the smoothing capacitor
from the third end portion. The semiconductor chip is
thermally connected to a bottom wall portion of a cover
member, at a position closer to the second main surface
than the fourth end portion is. The bottom wall portion is
thermally connected to the motor housing via a sidewall
portion of the cover member.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an electromechanical
motor unit including a motor and a driving unit that in-
cludes a driving circuit configured to execute drive control
of the motor.

2. Description of the Related Art

[0002] In an electromechanical motor unit including a
motor and a driving unit that includes a driving circuit
configured to execute drive control of the motor, a sem-
iconductor chip including switching devices is usually
provided in the driving circuit. Thus, a surge voltage may
be generated during switching operations of the switch-
ing devices. The magnitude of a surge voltage is propor-
tional to the inductance component of a current path,
such as a conductive trace, through which a current flows.
Therefore, how to remove the inductance component
from the current path is one of the issues to be addressed.
[0003] Examples of a method of removing the induct-
ance component from the current path include a method
in which, among electronic components constituting the
driving circuit, the semiconductor chip and a smoothing
capacitor configured to smooth the voltage to be applied
to the semiconductor chip is joined to the same surface
of the same substrate. With such a configuration, the
current path between the semiconductor chip and the
smoothing capacitor is shortened, and thus the induct-
ance component therebetween can be reduced. An ex-
ample of such a configuration is illustrated in FIG. 2 of
Japanese Patent Application Publication No.
2014-75866 (JP 2014-75866 A).
[0004] FIG. 2 of JP 2014-75866 A illustrates an electric
power steering system including a motor and a driving
unit including a driving circuit configured to execute drive
control of the motor. The electric power steering system
includes the motor including a motor housing. The driving
unit including a power substrate (a substrate) disposed
so as to face the motor housing in the axial direction of
the motor is provided outside the motor housing. The
switching devices (the semiconductor chip) and the
smoothing capacitor that constitute a part of the driving
circuit are joined to a surface of the power substrate,
which is on the opposite side of the power substrate from
the motor housing, so as to be adjacent to each other via
a heat sink. A case (a cover member) configured to ac-
commodate the power substrate is attached to the motor
housing such that the case is apart from the switching
devices and the smoothing capacitor.
[0005] How to suppress an increase in the temperature
in the driving unit is another issue to be addressed re-
garding an electromechanical motor unit. A main source
of heat generation in the driving unit is a semiconductor

chip including switching devices. In the configuration il-
lustrated in FIG. 2 of JP 2014-75866 A, the cover member
configured to accommodate the substrate is provided so
as to be apart from the semiconductor chip and the
smoothing capacitor in the axial direction. Thus, the heat
generated in the semiconductor chip cannot be smoothly
transferred to the cover member. For this reason, the
heat generated in the semiconductor chip cannot be ef-
ficiently transferred to the motor housing having a rela-
tively large thermal capacity via the cover member. As a
result, the temperature in the driving unit may increase.

SUMMARY OF THE INVENTION

[0006] One object of the invention is to provide an elec-
tromechanical motor unit configured to suppress an in-
crease in the temperature in the driving unit.
[0007] An aspect of the invention relates to an electro-
mechanical motor unit including a motor and a motor con-
trol device. The motor includes a motor housing made of
metal. The motor control device is disposed outside the
motor housing so as to face the motor in an axial direction
of the motor. The motor control device includes a driving
unit including a driving circuit configured to execute drive
control of the motor, and a cover member made of metal
and configured to accommodate the driving unit. The
driving unit includes a substrate, a semiconductor chip,
and a smoothing capacitor. The substrate has a first main
surface facing the motor housing, and a second main
surface that is on the opposite side of the substrate from
the first main surface. The semiconductor chip is joined
to the second main surface of the substrate. The semi-
conductor chip includes a switching device constituting
a part of the driving circuit. The semiconductor chip has
a first end portion facing the second main surface of the
substrate in the axial direction, and a second end portion
that is on the opposite side of the semiconductor chip
from the first end portion. The smoothing capacitor is
joined to the second main surface of the substrate. The
smoothing capacitor constitutes a part of the driving cir-
cuit. The smoothing capacitor is configured to smooth a
voltage to be applied to the semiconductor chip. The
smoothing capacitor has a third end portion facing the
second main surface of the substrate in the axial direc-
tion, and a fourth end portion that is on the opposite side
of the smoothing capacitor from the third end portion.
The fourth end portion is at a position further away, in
the axial direction, from the second main surface of the
substrate than the second end portion of the semicon-
ductor chip is. The cover member includes a facing wall,
and a connection portion. The facing wall is disposed so
as to face the second main surface of the substrate in
the axial direction and so as to face the smoothing ca-
pacitor in a direction perpendicular to the axial direction.
The facing wall is thermally connected to the semicon-
ductor chip, at a position between the third end portion
and the fourth end portion of the smoothing capacitor in
the axial direction. The connection portion is disposed
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outward of a peripheral edge of the substrate as viewed
in the axial direction. The connection portion extends
from a peripheral edge of the facing wall toward the motor
housing. The connection portion thermally connects the
facing wall and the motor housing to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The foregoing and further features and advan-
tages of the invention will become apparent from the fol-
lowing description of example embodiments with refer-
ence to the accompanying drawings, wherein like numer-
als are used to represent like elements and wherein:

FIG. 1 is a sectional view of an electromechanical
motor unit according to an embodiment of the inven-
tion;
FIG. 2 is an exploded perspective view of a housing
for a driving unit illustrated in FIG. 1 as viewed from
above;
FIG. 3 is an exploded perspective view of the housing
for the driving unit illustrated in FIG. 2 as viewed from
below; and
FIG. 4 is an electric circuit diagram illustrating the
electrical configuration of the driving unit.

DETAILED DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, example embodiments of the in-
vention will be described in detail with reference to the
accompanying drawings. FIG. 1 is a sectional view of an
electromechanical motor unit 1 according to an embod-
iment of the invention. FIG. 2 is an exploded perspective
view of a housing 8 for a driving unit 5 illustrated in FIG.
1 as viewed from above. FIG. 3 is an exploded perspec-
tive view of the housing 8 for the driving unit 5 illustrated
in FIG. 2 as viewed from below. The electromechanical
motor unit 1 according to the present embodiment is in-
corporated into, for example, an electric power steering
system for a vehicle. The electromechanical motor unit
1 includes a motor 2 and a motor control device 3. The
motor 2 includes a motor housing 2a made of metal. The
motor control device 3 is disposed outside the motor
housing 2a so as to face the motor 2 in the axial direction
of the motor 2. In the present embodiment, the motor 2
is a three-phase brushless motor. The motor control de-
vice 3 includes the driving unit 5, a cover member 6 made
of metal, and a radiator 7 made of metal. The driving unit
5 includes driving circuits 4 configured to execute drive
control of the motor 2. The cover member 6 accommo-
dates the driving unit 5. The radiator 7 is disposed be-
tween the motor housing 2a and the driving unit 5.
[0010] In the present embodiment, the radiator 7 is
connected to the cover member 6, whereby the radiator
7 and the cover member 6 constitute the housing 8 con-
figured to accommodate the driving unit 5. Thus, the elec-
tromechanical motor unit 1 according to the present em-
bodiment has a configuration in which the motor housing

2a and the housing 8 that accommodates the driving unit
5 are connected to each other in the axial direction of the
motor 2.
[0011] The motor housing 2a has a bottom wall 9 hav-
ing a disk shape, a sidewall 11 having a cylindrical shape,
and an upper wall 12. The sidewall 11 extends from a
peripheral edge of the bottom wall 9 in the axial direction.
The sidewall 11 has an opening portion 10 located on
the opposite side of the sidewall 11 from the bottom wall
9. The upper wall 12 is connected to an end portion of
the sidewall 11 so as to close the opening portion 10. An
internal space 13 is defined by the bottom wall 9, the
sidewall 11 and the upper wall 12. In the internal space
13 of the motor housing 2a, a first bearing holding portion
15 configured to hold a first bearing 14 is provided in a
central portion of the bottom wall 9. In the present em-
bodiment, the first bearing holding portion 15 is a re-
cessed portion that is recessed by one step in a generally
circular shape. The first bearing 14 is disposed in the first
bearing holding portion 15. A first through-hole 16 pass-
ing through the bottom wall 9 is provided in a bottom
central portion of the first bearing holding portion 15.
[0012] In the internal space 13 of the motor housing
2a, a second bearing holding portion 18 configured to
hold a second bearing 17 is provided in a central portion
of the upper wall 12. In the present embodiment, the sec-
ond bearing holding portion 18 is a recessed portion that
is recessed by one step in a generally circular shape.
The second bearing 17 is disposed in the second bearing
holding portion 18. A second through-hole 19 passing
through the upper wall 12 is provided in a bottom central
portion of the second bearing holding portion 18.
[0013] A stator 20 having a cylindrical shape, a rotor
21 and a motor shaft 22 are disposed in the internal space
13 of the motor housing 2a. The rotor 21 is disposed
radially inward of the stator 20. The motor shaft 22 is
attached to the rotor 21 to pass through a central portion
of the rotor 21. The stator 20 is fixed to an inner peripheral
surface of the sidewall 11 of the motor housing 2a. The
stator 20 includes a plurality of stator teeth 23, and coils
24U, 24V, 24W wound around the stator teeth 23. The
stator teeth 23 extend radially inward from the inner pe-
ripheral surface of the sidewall 11 of the motor housing
2a. As described in detail with reference to FIG. 4, the
coils 24U, 24V, 24W include a U-phase coil 24U, a V-
phase coil 24V, and a W-phase coil 24W corresponding
respectively to the U-phase, the V-phase and the W-
phase of the motor 2. Note that, in FIG. 1, among the U-
phase coil 24U, the V-phase coil 24V, and the W-phase
coil 24W, the U-phase coil 24U and the V-phase coil 24V
are illustrated. One ends of the U-phase coil 24U, the V-
phase coil 24V, and the W-phase coil 24W are drawn
toward the driving unit 5 through first coil insertion holes
25 that are provided as appropriate in the upper wall 12
of the motor housing 2a.
[0014] The rotor 21 includes a rotor core 26 having a
columnar shape, and a permanent magnet 27 having a
ring-shape and fixed to an outer periphery of the rotor

3 4 



EP 3 261 230 A1

4

5

10

15

20

25

30

35

40

45

50

55

core 26. The permanent magnet 27 has south poles and
north poles that are alternately magnetized in the circum-
ferential direction of the rotor core 26. As viewed in the
axial direction, a shaft insertion hole 28 through which
the motor shaft 22 is inserted is provided in a central
portion of the rotor core 26. The motor shaft 22 is inserted
through the shaft insertion hole 28 provided in the rotor
core 26 to be fixed in the shaft insertion hole 28. The
motor shaft 22 is rotatably supported by the first bearing
14 provided on the bottom wall 9 of the motor housing
2a and the second bearing 17 provided on the upper wall
12 of the motor housing 2a. The rotor 21 is rotatably sup-
ported by the motor shaft 22 in the motor housing 2a.
[0015] The motor shaft 22 has a distal end portion 29
and a base end portion 30. The distal end portion 29
protrudes to the outside of the motor housing 2a through
the first through-hole 16 provided in the bottom wall 9.
The base end portion 30 protrudes to the outside of the
motor housing 2a through the second through-hole 19
provided in the upper wall 12. A connecting member 31
is attached to the distal end portion 29 of the motor shaft
22. The connecting member 31 is connected to an ex-
ternal mechanism to transmit a rotary driving force gen-
erated by the motor 2 to the external mechanism. Exam-
ples of the external mechanism include a speed reducer
for an electric power steering system. A permanent mag-
net 32 for detecting a rotation angle of the motor 2 is
attached to the base end portion 30 of the motor shaft 22.
[0016] The driving unit 5 including the driving circuits
4 includes a substrate 35 having disk-shape. The sub-
strate 35 has a first main surface 33 facing the motor
housing 2a in the axial direction, and a second main sur-
face 34 that is on the opposite side of the substrate 35
from the first main surface 33. The substrate 35 is, for
example, a multi-layered wiring substrate. The substrate
35 includes a plurality of insulating layers, a plurality of
wiring layers, and a via hole. The via hole electrically
connects together the wiring layers respectively dis-
posed above and below with the insulating layer inter-
posed therebetween. Conductive traces are routed as
appropriate on the first main surface 33 and the second
main surface 34 of the substrate 35, and a plurality of
electronic components that constitute each driving circuit
4 can be joined to both of the first main surface 33 and
the second main surface 34 of the substrate 35. Herein-
after, the electrical configuration of the driving unit 5 will
be described with reference to FIG. 4. FIG. 4 is an electric
circuit diagram illustrating the electrical configuration of
the driving unit 5.
[0017] As illustrated in FIG. 4, in the present embodi-
ment, the driving unit 5 includes the driving circuits 4 for
two systems that are connected in parallel to a power
supply Vc. Hereinafter, one of the driving circuits 4 for
the two systems (the driving circuit 4 on the upper side
in FIG. 4) will be referred to as "first driving circuit 4A",
and the other one of the driving circuits 4 for the two
systems (the driving circuit 4 on the lower side in FIG. 4)
will be referred to as "second driving circuit 4B". The first

driving circuit 4A and the second driving circuit 4B have
the same configuration. The configuration of the first driv-
ing circuit 4A will be described with reference to FIG. 4,
and the elements of the second driving circuit 4B corre-
sponding to those of the first driving circuit 4A will be
denoted by the same reference symbols as those in the
configuration of the first driving circuit 4A and description
thereof will be omitted.
[0018] The first driving circuit 4A includes a semicon-
ductor chip CH, a smoothing capacitor C, a power supply
relay Swv, a plurality of shunt resistors R1 to R3, and a
plurality of motor relays Swm1 to Swm3, which are a
plurality of electronic components that constitute a part
of the first driving circuit 4A. The semiconductor chip CH
includes a plurality of field effect transistors (FETs) Tr1
to Tr6 serving as an example of the plurality of switching
devices.
[0019] The semiconductor chip CH is connected to
both electrodes of the power supply Vc. The field effect
transistors Tr1 to Tr6 included in the semiconductor chip
CH include the first field effect transistor Tr1 on the high
side for the U-phase, the second field effect transistor
Tr2 on the low side for the U-phase, which is connected
in series to the first field effect transistor Tr1, the third
field effect transistor Tr3 on the high side for the V-phase,
the fourth field effect transistor Tr4 on the low side for
the V-phase, which is connected in series to the third
field effect transistor Tr3, the fifth field effect transistor
Tr5 on the high side for the W-phase, and the sixth field
effect transistor Tr6 on the low side for the W-phase,
which is connected in series to the fifth field effect tran-
sistor Tr5.
[0020] Each of the field effect transistors Tr1 to Tr6
includes a drain electrode, a source electrode, and a gate
electrode. In each of the field effect transistors Tr1 to Tr6,
a corresponding one of body diodes D1 to D6 is connect-
ed to the drain electrode and the source electrode in a
reversely biased manner. The drain electrodes of the
first, third, and fifth field effect transistors Tr1, Tr3, Tr5
are connected to a positive electrode of the power supply
Vc. The source electrodes of the first, third, and fifth field
effect transistors Tr1, Tr3, Tr5 are respectively connected
to the drain electrodes of the second, fourth, and sixth
field effect transistors Tr2, Tr4, Tr6. The source elec-
trodes of the second, fourth, and sixth field effect tran-
sistors Tr2, Tr4, Tr6 are connected to a negative elec-
trode of the power supply Vc.
[0021] A connecting point between the first field effect
transistor Tr1 and the second field effect transistor Tr2
is electrically connected to the U-phase coil 24U of the
motor 2. A connecting point between the third field effect
transistor Tr3 and the fourth field effect transistor Tr4 is
electrically connected to the V-phase coil 24V of the mo-
tor 2. A connecting point between the fifth field effect
transistor Tr5 and the sixth field effect transistor Tr6 is
electrically connected to the W-phase coil 24W of the
motor 2.
[0022] The smoothing capacitor C is connected to both
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of the electrodes of the power supply Vc so as to be
connected in parallel to the semiconductor chip CH. The
smoothing capacitor C smooths a voltage supplied from
the power supply Vc, and then supplies the smoothed
voltage to the semiconductor chip CH (the field effect
transistors Tr1 to Tr6 included in the semiconductor chip
CH). In the present embodiment, the first driving circuit
4A includes three smoothing capacitors C as described
later. However, in FIG. 4, only one of the smoothing ca-
pacitors C is illustrated for the convenience of descrip-
tion.
[0023] The smoothing capacitor C is connected to the
power supply Vc via the power supply relay Swv. In the
present embodiment, the power supply relay Swv is con-
stituted by a seventh field effect transistor Tr7 and an
eighth field effect transistor Tr8. Each of the field effect
transistors Tr7, Tr8 includes a drain electrode, a source
electrode, and a gate electrode. In each of the field effect
transistors Tr7, Tr8, a corresponding one of body diodes
D7, D8 is connected to the drain electrode and the source
electrode in a reversely biased manner.
[0024] In the power supply relay Swv, the field effect
transistors Tr7, Tr8 are connected in series in such a
manner that polar directions of the body diodes D7, D8
are opposite directions. In the present embodiment, the
drain electrodes of the field effect transistors Tr7, Tr8 are
connected to each other such that cathodes of the body
diodes D7, D8 are connected to each other. The shunt
resistors R1 to R3 are devices configured to individually
detect currents flowing into the U-phase coil 24U, the V-
phase coil 24V, and the W-phase coil 24W. The shunt
resistors R1 to R3 include a first shunt resistor R1, a
second shunt resistor R2, and a third shunt resistor R3.
The U-phase coil 24U is connected via the first shunt
resistor R1 to the connecting point between the first and
second field effect transistors Tr1, Tr2. The V-phase coil
24V is connected via the second shunt resistor R2 to the
connecting point between the third and fourth field effect
transistors Tr3, Tr4. The W-phase coil 24W is connected
via the third shunt resistor R3 to the connecting point
between the fifth and sixth field effect transistors Tr5, Tr6.
[0025] The motor relays Swm1 to Swm3 include a first
motor relay Swm1, a second motor relay Swm2, and a
third motor relay Swm3. The U-phase coil 24U is con-
nected via the first motor relay Swm1 to the first shunt
resistor R1. The V-phase coil 24V is connected via the
second motor relay Swm2 to the second shunt resistor
R2. The W-phase coil 24W is connected via the third
motor relay Swm3 to the third shunt resistor R3. In the
present embodiment, the motor relays Swm1 to Swm3
are respectively constituted by ninth to eleventh field ef-
fect transistors Tr9 to Tr11. Each of the motor relays
Swm1 to Swm3 includes a drain electrode, a source elec-
trode, and a gate electrode. In each of the field effect
transistors Tr9 to Tr11, a corresponding one of body di-
odes D9 to D11 is connected to the drain electrode and
the source electrode in a reversely biased manner.
[0026] The gate electrodes of the field effect transistors

Tr1 to Tr11 and the shunt resistors R1 to R3 may be
connected, as controlled objects, to, for example, a mi-
crocomputer (not illustrated) joined to the first main sur-
face 33 or the second main surface 34 of the substrate
35. As illustrated in FIG. 1 to FIG. 3, in the present em-
bodiment, each of the semiconductor chips CH for the
first and second driving circuits 4A, 4B has a rectangular
parallelepiped shape, and is joined to the second main
surface 34 of the substrate 35. Each of the semiconductor
chips CH for the first and second driving circuits 4A, 4B
has a first end portion 36 and a second end portion 37.
The first end portion 36 faces the second main surface
34 of the substrate 35 in the axial direction. The second
end portion 37 is on the opposite side of the semicon-
ductor chip CH from the first end portion 36.
[0027] In the present embodiment, each of the semi-
conductor chips CH is a so-called horizontal semicon-
ductor chip in which the source electrodes, the drain elec-
trodes, and the gate electrodes of the field effect transis-
tors Tr1 to Tr6 are provided on the first end portion 36-
side. Each of the semiconductor chips CH is joined to
the substrate 35 when the electrodes provided on the
first end portion 36-side are joined to the conductive trac-
es provided on the second main surface 34 of the sub-
strate 35 via a joint material made of metal (e.g., a solder).
On the other hand, the second end portion 37 of each of
the semiconductor chips CH is a non-electrode surface
on which no electrodes are provided, and the second end
portion 37 is defined by a semiconductor substrate that
constitutes a main body of the semiconductor chip CH.
The semiconductor substrate may be, for example, a Si
substrate or a GaN substrate.
[0028] The smoothing capacitors C for the first and
second driving circuits 4A, 4B are joined to the second
main surface 34 of the substrate 35 so as to be disposed
adjacent to the semiconductor chips CH. More specifi-
cally, in the present embodiment, the semiconductor
chips CH are joined to the second main surface 34, at
positions outward of the smoothing capacitors C in the
radial direction extending from the axis of the motor 2.
More specifically, the semiconductor chips CH are joined
to a peripheral edge portion of the second main surface
34 of the substrate 35. The smoothing capacitors C are
joined to a central portion of the second main surface 34
of the substrate 35.
[0029] In the present embodiment, three smoothing
capacitors C for the first driving circuit 4A and three
smoothing capacitors C for the second driving circuit 4B
are joined to the central portion of the second main sur-
face 34 of the substrate 35. As viewed in the axial direc-
tion, the smoothing capacitors C for the first and second
driving circuits 4A, 4B are joined to the central portion of
the second main surface 34 of the substrate 35, in a pre-
scribed matrix connecting manner. In FIG 2, the three
smoothing capacitors C for the first driving circuit 4A are
denoted by reference symbols "C1 to C3", and the three
smoothing capacitors C for the second driving circuit 4B
are denoted by reference symbols "C4 to C6". In each
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of the first and second driving circuits 4A, 4B, the number
of smoothing capacitors C may be varied as appropriate
based on, for example, a capacitance value of the
smoothing capacitor C and a voltage value required to
drive the motor 2, that is, and the number of smoothing
capacitors C is not limited to three.
[0030] Each of the smoothing capacitors C for the first
and second driving circuits 4A, 4B is a columnar electro-
lytic capacitor having a height greater than that of the
semiconductor chip CH, in the present embodiment.
Each of the smoothing capacitors C has a third end por-
tion 38 and a fourth end portion 39. The third end portion
38 faces the second main surface 34 of the substrate 35
in the axial direction. The fourth end portion 39 is on the
opposite side of the smoothing capacitor C from the third
end portion 38. The fourth end portion 39 of each of the
smoothing capacitors C for the first and second driving
circuits 4A, 4B is at a position further away, in the axial
direction, from the second main surface 34 of the sub-
strate 35 than the second end portion 37 of each of the
semiconductor chips CH is. Each of the smoothing ca-
pacitors C is joined to the substrate 35 when the elec-
trodes provided on the third end portion 38-side are joined
to the conductive traces provided on the second main
surface 34 of the substrate 35 via a joint material made
of metal (e.g., a solder).
[0031] As illustrated in FIG. 3, a first joined region 40
is defined in a peripheral edge portion of the first main
surface 33 of the substrate 35. In the first joined region
40, the seventh and eighth field effect transistors Tr7,
Tr8 that constitute the power supply relay Swv of the first
driving circuit 4A and the seventh and eighth field effect
transistors Tr7, Tr8 that constitute the power supply relay
Swv of the second driving circuit 4B are collectively joined
to the first main surface 33 in a prescribed connecting
manner.
[0032] A second joined region 41 is defined in a pe-
ripheral edge portion of the first main surface 33 of the
substrate 35. In the second joined region 41, the shunt
resistors R1 to R3 for the first driving circuit 4A and the
motor relays Swm1 to Swm3 (the ninth to eleventh field
effect transistors Tr9 to Tr11) for the first driving circuit
4A are collectively joined to the first main surface 33 in
a prescribed connecting manner. In the present embod-
iment, the second joined region 41 is provided at a posi-
tion that is offset by about 90 degrees from the first joined
region 40 toward one side in the circumferential direction
of the substrate 35.
[0033] A third joined region 42 is defined in a peripheral
edge portion of the first main surface 33 of the substrate
35. In the third joined region 42, the shunt resistors R1
to R3 for the second driving circuit 4B and the motor
relays Swm1 to Swm3 (the ninth to eleventh field effect
transistors Tr9 to Tr11) for the second driving circuit 4B
are collectively joined to the first main surface 33 in a
prescribed connecting manner. In the present embodi-
ment, the third joined region 42 is provided at a position
that is offset by about 90 degrees from the first joined

region 40 toward the other side in the circumferential di-
rection of the substrate 35.
[0034] Further, a magnetic sensor 43 is joined to the
central portion of the first main surface 33 of the substrate
35 in a prescribed connecting manner such that the mag-
netic sensor 43 is apart from the joined regions 40, 41,
42. The magnetic sensor 43 is joined to the central portion
of the first main surface 33, at a position at which the
magnetic sensor 43 faces the permanent magnet 32 at-
tached to the base end portion 30 of the motor shaft 22.
The magnetic sensor 43 detects a magnetic field (a mag-
netic flux) from the permanent magnet 32, which varies
as the motor shaft 22 rotates.
[0035] As illustrated in FIG. 1 to FIG. 3, the cover mem-
ber 6 faces the second main surface 34 of the substrate
35 in the axial direction. The cover member 6 includes a
bottom wall portion 45 (an example of "facing wall") hav-
ing a disk shape, a sidewall portion 46 (an example of
"connection portion") having a cylindrical shape, and a
closing portion 50 (an example of "closing member"). A
rectangular through-hole 44 through which the smooth-
ing capacitors C pass is provided in a central portion of
the bottom wall portion 45. At a position outside the sub-
strate 35, the sidewall portion 46 extends from an outer
peripheral edge of the bottom wall portion 45 toward the
motor housing 2a. The closing portion 50 closes the
through-hole 44 so as to cover the smoothing capacitors
C.
[0036] The bottom wall portion 45 of the cover member
6 is disposed so as to face the smoothing capacitors C
in a direction perpendicular to the axial direction. More
specifically, the bottom wall portion 45 of the cover mem-
ber 6 has an inner wall surface 45a facing the second
main surface 34 of the substrate 35, and an outer wall
surface 45b on the opposite side of the bottom wall por-
tion 45 from the inner wall surface 45a. The bottom wall
portion 45 is configured such that at least the inner wall
surface 45a is positioned between the third end portion
38 and the fourth end portion 39 of each of the smoothing
capacitors C in the axial direction. In the present embod-
iment, the bottom wall portion 45 of the cover member 6
is configured such that both of the inner wall surface 45a
and the outer wall surface 45b are positioned between
the third end portion 38 and the fourth end portion 39 of
each of the smoothing capacitors C in the axial direction.
The bottom wall portion 45 of the cover member 6 is
thermally connected to each of the semiconductor chips
CH for the first and second driving circuits 4A, 4B, at a
position between the third end portion 38 and the fourth
end portion 39 of each of the smoothing capacitors C in
the axial direction.
[0037] In the present embodiment, a heat spreader 47
having a plate shape or a block shape and made of metal
(e.g., copper) is joined to the second end portion 37 of
each of the semiconductor chips CH for the first and sec-
ond driving circuits 4A, 4B, via a joint material 48 made
of metal (e.g., a solder). The bottom wall portion 45 of
the cover member 6 is thermally connected to the heat
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spreaders 47 via first radiating sheets 49 containing, for
example, silicone, metal, or ceramic. In this way, the bot-
tom wall portion 45 of the cover member 6 is thermally
connected to the semiconductor chips CH for the first
and second driving circuits 4A, 4B.
[0038] The sidewall portion 46 of the cover member 6
is connected to the radiator 7, and is thermally connected
to the motor housing 2a via the radiator 7. Thus, the heat
generated in the semiconductor chips CH is transmitted
to the motor housing 2a via the joint materials 48, the
heat spreaders 47, the first radiating sheets 49, and the
cover member 6. Instead of the first radiating sheets 49,
thermal grease containing silicone, metal or ceramic may
be employed, or metal paste containing silicone, metal
or ceramic may be employed.
[0039] The closing portion 50 of the cover member 6
includes a bottom wall portion 50A having a rectangular
shape in a plan view, and a sidewall portion 50B having
a rectangular-tube shape. The sidewall portion 50B ex-
tends from an outer peripheral edge of the bottom wall
portion 50A toward the motor housing 2a, and connects
the bottom wall portion 50A to an inner edge portion of
the bottom wall portion 45 that defines the through-hole
44. In the present embodiment, the closing portion 50 is
integral with the bottom wall portion 45 of the cover mem-
ber 6. Alternatively, the closing portion 50 may be pre-
pared separately from the cover member 6.
[0040] The radiator 7 disposed between the motor
housing 2a and the driving unit 5 provides thermal con-
nection between the motor housing 2a and each of the
shunt resistors R1 to R3, each of the power supply relays
Swv (the seventh and eighth field effect transistors Tr7,
Tr8), and each of the motor relays Swm1 to Swm3 (the
ninth to eleventh field effect transistors Tr9 to Tr11), at a
position between the upper wall 12 of the motor housing
2a and the first main surface 33 of the substrate 35.
[0041] More specifically, the radiator 7 has a plate por-
tion 52 having a disk shape, a first cylindrical portion 53,
and a second cylindrical portion 54, as illustrated in FIG.
2 and FIG. 3. The plate portion 52 has a through-hole 51
provided in a central portion thereof. The base end por-
tion 30 of the motor shaft 22 passes through the through-
hole 51. The first cylindrical portion 53 extends from a
peripheral edge of the plate portion 52 toward the driving
unit 5 in the axial direction. The second cylindrical portion
54 extends from the peripheral edge of the plate portion
52 toward the motor housing 2a in the axial direction.
The first cylindrical portion 53 and the second cylindrical
portion 54 of the radiator 7 constitute an outer wall of the
radiator 7.
[0042] The plate portion 52 of the radiator 7 includes
a facing surface 55 facing the first main surface 33 of the
substrate 35, and a non-facing surface 56 that is on the
opposite side of the plate portion 52 from the facing sur-
face 55. The plate portion 52 of the radiator 7 has a first
protrusion 57, a second protrusion 58, and a third pro-
trusion 59 that are provided on the facing surface 55. The
first protrusion 57 protrudes toward the first joined region

40 of the first main surface 33 of the substrate 35. The
second protrusion 58 protrudes toward the second joined
region 41 of the first main surface 33 of the substrate 35.
The third protrusion 59 protrudes toward the third joined
region 42 of the first main surface 33 of the substrate 35.
In the present embodiment, each of the first to third pro-
trusions 57, 58, 59 has a rectangular shape as viewed
in the axial direction.
[0043] The first protrusion 57 of the plate portion 52
faces the seventh and eighth field effect transistors Tr7,
Tr8 that constitute the power supply relays Swv of the
first and second driving circuits 4A, 4B. For example, the
first protrusion 57 is thermally connected to the seventh
and eighth field effect transistors Tr7, Tr8 via a second
radiating sheet 60 containing silicone, metal or ceramic.
Instead of the second radiating sheet 60, thermal grease
containing silicone, metal or ceramic may be employed,
or metal paste containing silicone, metal or ceramic may
be employed.
[0044] The second protrusion 58 of the plate portion
52 faces the shunt resistors R1 to R3 of the first driving
circuit 4A and the motor relays Swm1 to Swm3 (the ninth
to eleventh field effect transistors Tr9 to Tr11) of the first
driving circuit 4A. For example, the second protrusion 58
is thermally connected to the shunt resistors R1 to R3
and the motor relays Swm1 to Swm3 of the first driving
circuit 4A via a third radiating sheet 61 containing silicone,
metal or ceramic. Instead of the third radiating sheet 61,
thermal grease containing silicone, metal or ceramic may
be employed, or metal paste containing silicone, metal
or ceramic may be employed.
[0045] The third protrusion 59 of the plate portion 52
faces the shunt resistors R1 to R3 of the second driving
circuit 4B and the motor relays Swm1 to Swm3 (the ninth
to eleventh field effect transistors Tr9 to Tr11) of the sec-
ond driving circuit 4B. For example, the third protrusion
59 is thermally connected to the shunt resistors R1 to R3
and the motor relays Swm1 to Swm3 of the second driv-
ing circuit 4B via a fourth radiating sheet 62 containing
silicone, metal or ceramic. Instead of the fourth radiating
sheet 62, thermal grease containing silicone, metal or
ceramic may be employed, or metal paste containing sil-
icone, metal or ceramic may be employed.
[0046] As illustrated in FIG. 2, the substrate 35 is fixed
to the plate portion 52 of the radiator 7 with first bolts 63.
More specifically, a plurality of (in the present embodi-
ment, three) first bolt insertion holes 64 is provided in the
peripheral edge portion of the substrate 35. The first bolt
insertion holes 64 are arranged in the circumferential di-
rection of the substrate 35. In addition, second bolt in-
sertion holes 65 are provided in the peripheral edge por-
tion of the plate portion 52 of the radiator 7, at such po-
sitions that the second bolt insertion holes 65 are aligned
with the first bolt insertion holes 64. The first bolts 63 are
inserted through the first bolt insertion holes 64 and the
corresponding second bolt insertion holes 65 from the
substrate 35-side toward the radiator 7-side. In this way,
the substrate 35 is fixed to the radiator 7.
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[0047] The cover member 6 is fixed to the first cylin-
drical portion 53 of the radiator 7 with second bolts 66.
More specifically, the sidewall portion 46 of the cover
member 6 is provided with a plurality of (in the present
embodiment, three) first extending portions 67 extending
outward in the radial direction of the cover member 6.
Third bolt insertion holes 68 are provided in the first ex-
tending portions 67. In addition, an outer wall constituted
by the first cylindrical portion 53 and the second cylindri-
cal portion 54 of the radiator 7 is provided with second
extending portions 69 extending outward in the radial di-
rection of the radiator 7. The second extending portions
69 are provided at such positions that the second extend-
ing portions 69 are aligned with the first extending por-
tions 67. Fourth bolt insertion holes 70 are provided in
the second extending portions 69, at such positions that
the fourth bolt insertion holes 70 are aligned with the third
bolt insertion holes 68.
[0048] The second bolts 66 are inserted through the
third bolt insertion holes 68 and the corresponding fourth
bolt insertion holes 70 from the cover member 6-side
toward the radiator 7-side. In this way, the cover member
6 is fixed to the radiator 7, so that the housing 8 for the
driving unit 5 is constituted by the cover member 6 and
the radiator 7. The second cylindrical portion 54 of the
radiator 7 is externally fitted to the motor housing 2a. In
this way, the radiator 7 is attached to the motor housing
2a. The radiator 7 is configured such that the non-facing
surface 56 of the plate portion 52 comes in contact with
the upper wall 12 of the motor housing 2a when the ra-
diator 7 is attached to the motor housing 2a. As a result,
the radiator 7 and the motor housing 2a are mechanically
and thermally connected to each other. In addition, the
cover member 6 is mechanically and thermally connect-
ed to the motor housing 2a via the radiator 7.
[0049] Referring to FIG. 1 again, second coil insertion
holes 71 through which the one ends of the U-phase coil
24U, the V-phase coil 24V, and the W-phase coil 24W
are inserted are provided as appropriate in the plate por-
tion 52 of the radiator 7. The one ends of the U-phase
coil 24U, the V-phase coil 24V, and the W-phase coil
24W are drawn toward the driving unit 5 through the sec-
ond coil insertion holes 71 provided in the plate portion
52. Third coil insertion holes 72 through which the one
ends of the U-phase coil 24U, the V-phase coil 24V, and
the W-phase coil 24W are inserted are provided as ap-
propriate in the peripheral edge portion of the substrate
35. The one ends of the U-phase coil 24U, the V-phase
coil 24V, and the W-phase coil 24W are drawn to the
second main surface 34 of the substrate 35 through the
third coil insertion holes 72 provided in the peripheral
edge portion of the substrate 35. The one ends of the U-
phase coil 24U, the V-phase coil 24V, and the W-phase
coil 24W are electrically connected to the first and second
driving circuits 4A, 4B, on the first main surface 33-side
or the second main surface 34-side of the substrate 35.
[0050] As described above, in the electromechanical
motor unit 1 according to the present embodiment, the

semiconductor chips CH and the smoothing capacitors
C are joined to the second main surface 34 of the sub-
strate 35 having the first main surface 33 that faces the
motor housing 2a and the second main surface 34 that
is on the opposite side of the substrate 35 from the first
main surface 33. Each semiconductor chip CH includes
the first end portion 36 facing the second main surface
34 of the substrate 35 and the second end portion 37 that
is on the opposite side of the semiconductor chip CH
from the first end portion 36. Each smoothing capacitor
C includes the third end portion 38 facing the second
main surface 34 of the substrate 35 and the fourth end
portion 39 that is on the opposite side of the smoothing
capacitor C from the third end portion 38.
[0051] The bottom wall portion 45 of the cover member
6 is disposed so as to face the smoothing capacitors C
in the direction perpendicular to the axial direction. The
bottom wall portion 45 is thermally connected to each
semiconductor chip CH at a position that is closer to the
second main surface 34 of the substrate 35 than the
fourth end portion 39 of the smoothing capacitor C is.
The cover member 6 includes the sidewall portion 46 that
thermally connects the bottom wall portion 45 to the motor
housing 2a. In this way, the semiconductor chips CH are
thermally connected to the motor housing 2a via the cover
member 6.
[0052] As a result, in the configuration in which the
semiconductor chips CH and the smoothing capacitors
C are joined to the second main surface 34 of the sub-
strate 35, it is possible to appropriately transfer the heat
generated in the semiconductor chips CH to the motor
housing 2a having a relatively high thermal capacity via
the cover member 6 while reducing the length of a path
through which the heat generated in the semiconductor
chips CH is transferred to the motor housing 2a. In par-
ticular, in the electromechanical motor unit 1 according
to the present embodiment, the semiconductor chips CH
are joined to the peripheral edge portion of the second
main surface 34 of the substrate 35, and the smoothing
capacitors C are joined to the central portion of the sec-
ond main surface 34 of the substrate 35. Thus, the length
of the path through which the heat generated in the sem-
iconductor chips CH is transferred to the motor housing
2a can be further reduced. Hence, the heat generated in
the semiconductor chips CH can be appropriately trans-
ferred to the motor housing 2a. As a result, an increase
in the temperature of the semiconductor chips CH can
be appropriately suppressed. Consequently, it is possi-
ble to provide the electromechanical motor unit 1 config-
ured to appropriately suppress an increase in the tem-
perature in the driving unit 5.
[0053] In addition, in the electromechanical motor unit
1 according to the present embodiment, the radiator 7 is
disposed between the motor housing 2a and the first main
surface 33 of the substrate 35, and the radiator 7 provides
thermal connection between the motor housing 2a and
each of the power supply relays Swv (the seventh and
eighth field effect transistors Tr7, Tr8), each of the shunt
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resistors R1 to R3, and each of the motor relays Swm1
to Swm3 (the ninth to eleventh field effect transistors Tr9
to Tr11).
[0054] With this configuration, the heat generated in
each of the power supply relays Swv (the seventh and
eighth field effect transistors Tr7, Tr8), each of the shunt
resistors R1 to R3, and each of the motor relays Swm1
to Swm3 (the ninth to eleventh field effect transistors Tr9
to Tr11) can be transferred to the motor housing 2a via
the radiator 7. In addition, the heat generated in the sem-
iconductor chips CH can also be transferred to the motor
housing 2a via the radiator 7.
[0055] In the electromechanical motor unit 1 according
to the present embodiment, the cover member 6 and the
radiator 7 are mechanically and thermally connected to
each other. Thus, the heat generated in the semiconduc-
tor chips CH can be appropriately transferred to the motor
housing 2a via the cover member 6 and the radiator 7.
As a result, an increase in the temperature in the driving
unit 5 can be further suppressed. In the electromechan-
ical motor unit 1 according to the present embodiment,
the through-hole 44 through which the smoothing capac-
itors C pass is provided in the bottom wall portion 45 of
the cover member 6. With this configuration, regardless
of the size and shape of the smoothing capacitor C, the
bottom wall portion 45 of the cover member 6 can be
disposed at a position between the third end portion 38
and the fourth end portion 39 of each smoothing capacitor
C in the axial direction. In the electromechanical motor
unit 1 according to the present embodiment, the closing
portion 50 configured to close the through-hole 44 is pro-
vided on the bottom wall portion 45 of the cover member
6. With this configuration, the smoothing capacitors C
protruding from the through-hole 44 can be appropriately
protected.
[0056] In the electromechanical motor unit 1 according
to the present embodiment, the semiconductor chips CH
and the smoothing capacitors C are joined to the second
main surface 34 of the substrate 35. Thus, as compared
to the case where the semiconductor chips CH and the
smoothing capacitors C are joined to different surfaces
of the substrate 35 or the case where the semiconductor
chips CH and the smoothing capacitors C are joined to
different members, the wiring path between the semicon-
ductor chips CH and the smoothing capacitors C can be
shortened. Thus, the inductance components between
the semiconductor chips CH and the smoothing capaci-
tors C can be appropriately reduced.
[0057] In the electromechanical motor unit 1 according
to the present embodiment, the semiconductor chips CH
and the smoothing capacitors C are joined to the second
main surface 34 of the substrate 35. In addition, a plurality
of electronic components constituting a part of the first
and second driving circuits 4A, 4B is joined to the first
main surface 33 of the substrate 35. Since the first main
surface 33-side region of the substrate 35 is used in this
way, it is no longer necessary to use another substrate
to which electronic components other than the semicon-

ductor chips CH and the smoothing capacitors C are to
be joined. Thus, the number of components can be re-
duced. Hence, reduction in the size of the electrome-
chanical motor unit 1 can be achieved.
[0058] While one example embodiment of the inven-
tion has been described above, the invention may be
implemented in various other embodiments. For exam-
ple, in the foregoing embodiment, the driving unit in-
cludes the first and second driving circuits 4A, 4B for the
two systems. However, the driving unit 5 may include
only a driving circuit 4 for a single system.
[0059] In the foregoing embodiment, each semicon-
ductor chip CH includes a plurality of the field effect tran-
sistors Tr1 to Tr6. However, a plurality of the semicon-
ductor chips CH each including any one of the field effect
transistors Tr1 to Tr6 may be joined to the second main
surface 34 of the substrate 35. In the foregoing embod-
iment, each semiconductor chip CH includes the field
effect transistors Tr1 to Tr6 as an example of a plurality
of switching devices. However, each semiconductor chip
CH may include insulated gate bipolar transistors (IG-
BTs) or bipolar junction transistors (BJTs), instead of the
field effect transistors Tr1 to Tr6.
[0060] Instead of the first to third protrusions 57, 58,
59 provided on the plate portion 52 of the radiator 7 in
the foregoing embodiment, heat spreaders having a
block-shape or a plate-shape, made of metal (for exam-
ple, copper), and prepared separately from the radiator
7 may be provided. In addition, various design changes
may be made within the scope of the appended claims.

Claims

1. An electromechanical motor unit comprising:

a motor including a motor housing made of met-
al; and
a motor control device disposed outside the mo-
tor housing so as to face the motor in an axial
direction of the motor, the motor control device
including a driving unit including a driving circuit
configured to execute drive control of the motor
and a cover member made of metal and config-
ured to accommodate the driving unit, wherein
the driving unit comprises:

a substrate having a first main surface fac-
ing the motor housing, and a second main
surface that is on an opposite side of the
substrate from the first main surface;
a semiconductor chip joined to the second
main surface of the substrate, the semicon-
ductor chip including a switching device
constituting a part of the driving circuit, and
the semiconductor chip having a first end
portion facing the second main surface of
the substrate in the axial direction and a sec-
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ond end portion that is on an opposite side
of the semiconductor chip from the first end
portion; and
a smoothing capacitor joined to the second
main surface of the substrate, the smooth-
ing capacitor constituting a part of the driv-
ing circuit, the smoothing capacitor config-
ured to smooth a voltage to be applied to
the semiconductor chip, the smoothing ca-
pacitor having a third end portion facing the
second main surface of the substrate in the
axial direction and a fourth end portion that
is on an opposite side of the smoothing ca-
pacitor from the third end portion, and the
fourth end portion being at a position further
away, in the axial direction, from the second
main surface of the substrate than the sec-
ond end portion of the semiconductor chip
is, and

the cover member comprises:

a facing wall disposed so as to face the sec-
ond main surface of the substrate in the ax-
ial direction and so as to face the smoothing
capacitor in a direction perpendicular to the
axial direction, and the facing wall being
thermally connected to the semiconductor
chip, at a position between the third end por-
tion and the fourth end portion of the
smoothing capacitor in the axial direction;
and
a connection portion disposed outward of a
peripheral edge of the substrate as viewed
in the axial direction, the connection portion
extending from a peripheral edge of the fac-
ing wall toward the motor housing, and the
connection portion thermally connecting the
facing wall and the motor housing to each
other.

2. The electromechanical motor unit according to claim
1, further comprising:

a radiator made of metal, the radiator being dis-
posed between the motor housing and the driv-
ing unit; and
a plurality of electronic components joined to the
first main surface of the substrate, the electronic
components constituting a part of the driving cir-
cuit, wherein
the radiator thermally connects the electronic
components and the motor housing to each oth-
er, at a position between the motor housing and
the first main surface of the substrate.

3. The electromechanical motor unit according to claim
2, wherein

when the radiator is connected to the cover member,
the radiator and the cover member constitute a hous-
ing configured to accommodate the driving unit, and
the connection portion of the cover member is ther-
mally connected to the motor housing via the radia-
tor.

4. The electromechanical motor unit according to any
one of claims 1 to 3, wherein the semiconductor chip
is joined to the second main surface of the substrate,
at a position outward of the smoothing capacitor in
a radial direction extending from an axis of the motor.

5. The electromechanical motor unit according to any
one of claims 1 to 4, wherein a through-hole through
which the smoothing capacitor passes is provided in
the facing wall of the cover member.

6. The electromechanical motor unit according to claim
5, further comprising a closing member configured
to close the through-hole so as to cover the smooth-
ing capacitor.
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