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(57) ABSTRACT

A power module includes a plurality of conductive wire
groups and a sealing member. The plurality of conductive
wire groups each include a first bonded portion and a second
bonded portion. A maximum gap between intermediate
portions of a pair of conductive wire groups adjacent to each
other is larger than a first gap between the first bonded
portions of the pair of conductive wire groups adjacent to
each other. The maximum gap between the intermediate
portions of the pair of conductive wire groups adjacent to
each other is larger than a second gap between the second
bonded portions of the pair of conductive wire groups
adjacent to each other. Therefore, the power module is
improved in reliability.
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POWER MODULE AND METHOD OF
MANUFACTURING THE SAME, AND
POWER CONVERSION APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a power module
and a method of manufacturing the same, and a power
conversion apparatus.

BACKGROUND ART

[0002] Japanese Patent Laying-Open No. 2008-270455
(PTL 1) discloses a power module including an insulated
gate bipolar transistor (IGBT) chip, an emitter pattern, a
plurality of conductive wires, and a sealing member com-
posed of an epoxy resin. The plurality of conductive wires
electrically connect the IGBT chip and the emitter pattern to
each other. The sealing member seals the IGBT chip, the
emitter pattern, and the plurality of conductive wires. The
sealing member is provided by direct potting.

CITATION LIST

Patent Literature

[0003] PTL 1: Japanese Patent Laying-Open No. 2008-
270455
SUMMARY OF INVENTION
Technical Problem
[0004] Inorder to allow a power module to handle a higher

current without increase in size thereof, the number of
conductive wires should be increased and a gap between a
pair of conductive wires adjacent to each other should be
made smaller. Since the gap between the pair of the con-
ductive wires adjacent to each other, however, is small, air
bubbles introduced into the sealing member in providing the
sealing member may remain in the sealing member below
the plurality of conductive wires. The air bubbles lower
insulating performance of the sealing member and lowers
reliability of the power module. The present invention was
made in view of the problem above, and an object thereof is
to provide a power module improved in reliability and a
method of manufacturing the same and a power conversion
apparatus.

Solution to Problem

[0005] A power module according to a first aspect of the
present invention includes a first conductive member, a
second conductive member, a plurality of conductive wire
groups, and a sealing member. The plurality of conductive
wire groups electrically connect the first conductive member
and the second conductive member spaced away from the
first conductive member in a first direction to each other. The
sealing member seals at least a part of the first conductive
member, at least a part of the second conductive member,
and the plurality of conductive wire groups. The plurality of
conductive wire groups are arranged in parallel in a second
direction that intersects with the first direction. The plurality
of conductive wire groups each include a first bonded
portion bonded to the first conductive member and a second
bonded portion bonded to the second conductive member. In
a plan view of the first conductive member, a maximum gap

Jul. 15, 2021

in the second direction between intermediate portions of a
pair of the conductive wire groups adjacent to each other is
larger than a first gap in the second direction between the
first bonded portions of the pair of conductive wire groups
adjacent to each other. The intermediate portions are located
between the first bonded portion and the second bonded
portion. In the plan view of the first conductive member, the
maximum gap in the second direction between the interme-
diate portions of the pair of conductive wire groups adjacent
to each other is larger than a second gap in the second
direction between the second bonded portions of the pair of
conductive wire groups adjacent to each other.

[0006] A power module in a second aspect of the present
invention includes a first conductive member, a second
conductive member spaced away from the first conductive
member in a first direction, a conductive wire group that
electrically connects the first conductive member and the
second conductive member to each other, and a sealing
member that seals at least a part of the first conductive
member, at least a part of the second conductive member,
and the conductive wire group. The conductive wire group
is constituted of a first conductive wire and a second
conductive wire alternately arranged in a second direction
that intersects with the first direction. The conductive wire
group includes a first bonded portion bonded to the first
conductive member and a second bonded portion bonded to
the second conductive member. In a first plan view in the
second direction, a first height of a first top of the first
conductive wire from a first line that connects the first
bonded portion and the second bonded portion to each other
is larger than a second height of a first portion of the second
conductive wire from the first line. The first portion is a
portion of the second conductive wire on a second line that
passes through the first top and is perpendicular to the first
line in the first plan view. A difference between the first
height and the second height is larger than a minimum gap
between the first conductive wire and the second conductive
wire adjacent to each other, between the first bonded portion
and the second bonded portion in a second plan view in a
third direction perpendicular to the first direction and the
second direction.

[0007] A method of manufacturing a power module in the
first aspect of the present invention includes electrically
connecting a first conductive member and a second conduc-
tive member spaced away from the first conductive member
in a first direction to each other through a plurality of
conductive wire groups. The plurality of conductive wire
groups are arranged in parallel in a second direction that
intersects with the first direction. The method of manufac-
turing a power module in the first aspect of the present
invention further includes sealing at least a part of the first
conductive member, at least a part of the second conductive
member, and the plurality of conductive wire groups with a
sealing member. The plurality of conductive wire groups
each include a first bonded portion bonded to the first
conductive member and a second bonded portion bonded to
the second conductive member. In a plan view of the first
conductive member, a maximum gap in the second direction
between intermediate portions of a pair of the conductive
wire groups adjacent to each other is larger than a first gap
in the second direction between the first bonded portions of
the pair of conductive wire groups adjacent to each other.
The intermediate portions are located between the first
bonded portion and the second bonded portion. In the plan
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view of the first conductive member, the maximum gap in
the second direction between the intermediate portions of
the pair of conductive wire groups adjacent to each other is
larger than a second gap in the second direction between the
second bonded portions of the pair of conductive wire
groups adjacent to each other.

[0008] A method of manufacturing a power module
according to the second aspect of the present invention
includes electrically connecting a first conductive member
and a second conductive member spaced away from the first
conductive member in a first direction to each other through
a conductive wire group. The conductive wire group is
constituted of a first conductive wire and a second conduc-
tive wire alternately arranged in a second direction that
intersects with the first direction. The method of manufac-
turing a power module according to the second aspect of the
present invention includes sealing at least a part of the first
conductive member, at least a part of the second conductive
member, and the conductive wire group with a sealing
member. The conductive wire group includes a first bonded
portion bonded to the first conductive member and a second
bonded portion bonded to the second conductive member. In
a first plan view in the second direction, a first height of a
first top of the first conductive wire from a first line that
connects the first bonded portion and the second bonded
portion to each other is larger than a second height of a first
portion of the second conductive wire from the first line. The
first portion is a portion of the second conductive wire on a
second line that passes through the first top and is perpen-
dicular to the first line in the first plan view. A difference
between the first height and the second height is larger than
a minimum gap between the first conductive wire and the
second conductive wire adjacent to each other, between the
first bonded portion and the second bonded portion in a
second plan view in a third direction perpendicular to the
first direction and the second direction.

[0009] A power conversion apparatus according to the
present invention includes a main conversion circuit and a
control circuit. The main conversion circuit includes the
power module according to the first or second aspect of the
present invention and can convert input electric power and
output resultant electric power. The control circuit can
output a control signal for controlling the main conversion
circuit to the main conversion circuit.

Advantageous Effects of Invention

[0010] According to the power module and the method of
manufacturing the same and the power conversion apparatus
in the first aspect of the present invention, in the plan view
of the first conductive member, the maximum gap in the
second direction between the intermediate portions of the
pair of conductive wire groups adjacent to each other is
larger than the first gap in the second direction between the
first bonded portions of the pair of conductive wire groups
adjacent to each other and larger than the second gap in the
second direction between the second bonded portions of the
pair of conductive wire groups adjacent to each other.
Therefore, air bubbles that were introduced in the sealing
member in providing the sealing member and remain below
the plurality of conductive wires readily pass between the
pair of conductive wire groups adjacent to each other and
escape to the outside of the sealing member. Lowering in
insulating performance of the sealing member is prevented.
The power module and the power conversion apparatus
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according to the first aspect of the present invention are
improved in reliability. According to the method of manu-
facturing a power module in the first aspect of the present
invention, the power module improved in reliability is
obtained.

[0011] According to the power module and the method of
manufacturing the same and the power conversion apparatus
in the second aspect of the present invention, the difference
between the first height of the first top of the first conductive
wire and the second height of the first portion of the second
conductive wire is larger than the minimum gap between the
first conductive wire and the second conductive wire adja-
cent to each other, between the first bonded portion and the
second bonded portion in the second plan view in the third
direction perpendicular to the first direction and the second
direction. The first conductive wire and the second conduc-
tive wire are alternately arranged in the second direction.
Therefore, a gap between the first conductive wire and the
second conductive wire can efficiently be widened without
increasing the minimum gap. Air bubbles that were intro-
duced in the sealing member in providing the sealing
member and remain below the plurality of conductive wires
readily pass between the pair of conductive wire groups
adjacent to each other and escape to the outside of the
sealing member. Lowering in insulating performance of the
sealing member is prevented. The power module and the
power conversion apparatus according to the second aspect
of the present invention are improved in reliability. Accord-
ing to the method of manufacturing a power module in the
second aspect of the present invention, the power module
improved in reliability is obtained.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a schematic plan view of a power module
according to a first embodiment.

[0013] FIG. 2 is a schematic cross-sectional view along
the line II-II shown in FIG. 1, of the power module accord-
ing to the first embodiment.

[0014] FIG. 3 is a schematic cross-sectional view along
the line shown in FIG. 1, of the power module according to
the first embodiment.

[0015] FIG. 4 is a partially enlarged schematic plan view
of the power module according to the first embodiment.
[0016] FIG. 5 is a partially enlarged schematic cross-
sectional view along the line V-V shown in FIG. 4, of the
power module according to the first embodiment.

[0017] FIG. 6 is a partially enlarged schematic plan view
of' a power module according to a comparative example.
[0018] FIG. 7 is a partially enlarged schematic cross-
sectional view along the line VII-VII shown in FIG. 6, of the
power module according to the comparative example.
[0019] FIG. 8 is a partially enlarged schematic plan view
of the power module according to the first embodiment.
[0020] FIG. 9 is a partially enlarged schematic cross-
sectional view along the line IX-IX shown in FIG. 8, of the
power module according to the first embodiment.

[0021] FIG. 10 is a partially enlarged schematic plan view
of the power module according to the first embodiment.
[0022] FIG. 11 is a partially enlarged schematic cross-
sectional view along the line XI-XI shown in FIG. 10, of the
power module according to the first embodiment.

[0023] FIG. 12 is a partially enlarged schematic cross-
sectional view of the power module according to a first
modification of the first embodiment.
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[0024] FIG. 13 is a partially enlarged schematic cross-
sectional view of the power module according to the first
modification of the first embodiment.

[0025] FIG. 14 is a partially enlarged schematic cross-
sectional view of the power module according to the first
modification of the first embodiment.

[0026] FIG. 15 is a schematic cross-sectional view show-
ing one step in a method of manufacturing a power module
according to the first embodiment and a second embodi-
ment.

[0027] FIG. 16 is a schematic cross-sectional view show-
ing a step next to the step shown in FIG. 15, in the method
of manufacturing a power module according to the first
embodiment and the second embodiment.

[0028] FIG. 17 is a schematic plan view showing a step
next to the step shown in FIG. 16, in the method of
manufacturing a power module according to the first
embodiment.

[0029] FIG. 18 is a schematic cross-sectional view along
the line XVIII-XVIII shown in FIG. 17, of the method of
manufacturing a power module according to the first
embodiment.

[0030] FIG. 19 is a schematic plan view of a power
module according to a second modification of the first
embodiment.

[0031] FIG. 20 is a schematic plan view of a power
module according to a third modification of the first embodi-
ment.

[0032] FIG. 21 is a schematic cross-sectional view of a
power module according to a fourth modification of the first
embodiment.

[0033] FIG. 22 is a schematic plan view of a power
module according to a fifth modification of the first embodi-
ment.

[0034] FIG. 23 is a schematic cross-sectional view of the
power module according to the fifth modification of the first
embodiment.

[0035] FIG. 24 is a schematic plan view of a power
module according to the second embodiment.

[0036] FIG. 25 is a schematic cross-sectional view along
the line XXV-XXV shown in FIG. 24, of the power module
according to the second embodiment.

[0037] FIG. 26 is a schematic cross-sectional view along
the line XXVI-XXVI shown in FIG. 24, of the power
module according to the second embodiment.

[0038] FIG. 27 is a partially enlarged schematic plan view
of the power module according to the second embodiment.
[0039] FIG. 28 is a partially enlarged schematic cross-
sectional view along the line XX VIII-XXVIII shown in FIG.
27, of the power module according to the second embodi-
ment.

[0040] FIG. 29 is a partially enlarged schematic plan view
of the power module according to the second embodiment.
[0041] FIG. 30 is a partially enlarged schematic cross-
sectional view along the line XXX-XXX shown in FIG. 29,
of the power module according to the second embodiment.
[0042] FIG. 31 is a partially enlarged schematic plan view
of the power module according to the second embodiment.
[0043] FIG. 32 is a partially enlarged schematic cross-
sectional view along the line XXXII-XXXII shown in FIG.
31, of the power module according to the second embodi-
ment.
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[0044] FIG. 33 is a partially enlarged schematic cross-
sectional view of a power module according to a first
modification of the second embodiment.

[0045] FIG. 34 is a partially enlarged schematic cross-
sectional view of the power module according to the first
modification of the second embodiment.

[0046] FIG. 35 is a partially enlarged schematic cross-
sectional view of the power module according to the first
modification of the second embodiment.

[0047] FIG. 36 is a schematic plan view showing a step
next to the step shown in FIG. 16, in the method of
manufacturing a power module according to the second
embodiment.

[0048] FIG. 37 is a schematic cross-sectional view along
the line XXXVII-XXXVII shown in FIG. 36, in the method
of manufacturing a power module according to the second
embodiment.

[0049] FIG. 38 is a schematic plan view showing a step
next to the step shown in FIG. 36, in the method of
manufacturing a power module according to the second
embodiment.

[0050] FIG. 39 is a schematic plan view of a power
module according to a second modification of the second
embodiment.

[0051] FIG. 40 is a schematic plan view of a power
module according to a third embodiment.

[0052] FIG. 41 is a schematic cross-sectional view along
the line XLI-XLI shown in FIG. 40, of the power module
according to the third embodiment.

[0053] FIG. 42 is a schematic cross-sectional view along
the line XLII-XLII shown in FIG. 40, of the power module
according to the third embodiment.

[0054] FIG. 43 is a schematic plan view of a power
module according to a modification of the third embodi-
ment.

[0055] FIG. 44 is a schematic plan view of a power
module according to a fourth embodiment.

[0056] FIG. 45 is a schematic cross-sectional view along
the line XLV-XLV shown in FIG. 44, of the power module
according to the fourth embodiment.

[0057] FIG. 46 is a schematic cross-sectional view along
the line XLVI-XLVI shown in FIG. 44, of the power module
according to the fourth embodiment.

[0058] FIG. 47 is a partially enlarged schematic plan view
of the power module according to the fourth embodiment.
[0059] FIG. 48 is a partially enlarged schematic cross-
sectional view along the line XLVIII-XLVIII shown in FIG.
47, of the power module according to the fourth embodi-
ment.

[0060] FIG. 49 is a partially enlarged schematic plan view
of' a power module according to a comparative example.

[0061] FIG. 50 is a partially enlarged schematic cross-
sectional view along the line L-I. shown in FIG. 49, of the
power module according to the comparative example.
[0062] FIG. 51 is a schematic cross-sectional view show-
ing one step in a method of manufacturing a power module
according to the fourth embodiment.

[0063] FIG. 52 is a schematic cross-sectional view show-
ing a step next to the step shown in FIG. 51, in the method
of manufacturing a power module according to the fourth
embodiment.
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[0064] FIG. 53 is a schematic plan view showing a step
next to the step shown in FIG. 52, in the method of
manufacturing a power module according to the fourth
embodiment.

[0065] FIG. 54 is a schematic cross-sectional view along
the line LIV-LIV, of the step shown in FIG. 53 in the method
of manufacturing a power module according to the fourth
embodiment.

[0066] FIG. 55 is a schematic plan view of a power
module according to a fifth embodiment.

[0067] FIG. 56 is a schematic cross-sectional view along
the line LVI-LVI shown in FIG. 55, of the power module
according to the fifth embodiment.

[0068] FIG. 57 is a schematic cross-sectional view along
the line LVII-LVII shown in FIG. 55, of the power module
according to the fifth embodiment.

[0069] FIG. 58 is a partially enlarged schematic plan view
of the power module according to the fifth embodiment.
[0070] FIG. 59 is a partially enlarged schematic cross-
sectional view along the line LIX-LIX shown in FIG. 58, of
the power module according to the fifth embodiment.
[0071] FIG. 60 is a schematic cross-sectional view of a
power module according to a modification of the fifth
embodiment.

[0072] FIG. 61 is a schematic plan view of a power
module according to a sixth embodiment.

[0073] FIG. 62 is a schematic cross-sectional view along
the line LXII-LXII shown in FIG. 61, of the power module
according to the sixth embodiment.

[0074] FIG. 63 is a schematic cross-sectional view along
the line LXII-LXIII shown in FIG. 61, of the power module
according to the sixth embodiment.

[0075] FIG. 64 is a partially enlarged schematic plan view
of the power module according to the sixth embodiment.
[0076] FIG. 65 is a partially enlarged schematic cross-
sectional view along the line LXV-LXV shown in FIG. 64,
of the power module according to the sixth embodiment.
[0077] FIG. 66 is a block diagram showing a configuration
of a power conversion system according to a seventh
embodiment.

DESCRIPTION OF EMBODIMENTS

[0078] Embodiments of the present invention will be
described below. The same elements have the same refer-
ence characters allotted and description thereof will not be
repeated.

First Embodiment

[0079] A power module 1 in a first embodiment will be
described with reference to FIGS. 1 to 14.

[0080] As shownin FIGS. 1to 3, power module 1 includes
a circuit substrate 10. Circuit substrate 10 extends in a first
direction (an x direction) and a second direction (a y
direction) intersecting with the first direction. Specifically,
the second direction is perpendicular to the first direction.
Circuit substrate 10 includes an insulating substrate 11, a
first conductive layer 12, and a second conductive layer 13.
Insulating substrate 11 includes a first main surface and a
second main surface opposite to the first main surface.
[0081] Insulating substrate 11 is formed of an inorganic
ceramic material such as alumina (Al,O;), aluminum nitride
(AIN), silicon nitride (SizN,), silicon dioxide (SiO,), or
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boron nitride (BN). Insulating substrate 11 is an insulating
resin substrate such as a glass epoxy substrate.

[0082] First conductive layer 12 is provided on the first
main surface of insulating substrate 11. First conductive
layer 12 is formed, for example, of a metal material such as
copper or aluminum. Second conductive layer 13 is pro-
vided on the second main surface of insulating substrate 11.
First conductive layer 13 is formed, for example, of a metal
material such as copper or aluminum.

[0083] Asshown in FIGS. 1to 3, power module 1 includes
a first semiconductor element 20 and a second semiconduc-
tor element 25. First semiconductor element 20 and second
semiconductor element 25 are arranged along the first direc-
tion (the x direction). First semiconductor element 20 and
second semiconductor element 25 are each a power semi-
conductor element such as an insulated gate bipolar transis-
tor (IGBT), a metal oxide semiconductor field effect tran-
sistor (MOSFET), or a diode. First semiconductor element
20 and second semiconductor element 25 are formed, for
example, of silicon (Si) or a wide bandgap semiconductor
material such as silicon carbide (SiC), gallium nitride
(GaN), or diamond. First semiconductor element 20 and
second semiconductor element 25 may be identical to or
different from each other in at least one of a type and a
material.

[0084] In the present embodiment, first semiconductor
element 20 is a diode. First semiconductor element 20
includes a first front electrode 21 and a first back electrode
2156. In the present embodiment, second semiconductor
element 25 is an IGBT. Second semiconductor element 25
includes a second front electrode 26, a third front electrode
27, and a second back electrode 265. Second front electrode
26 is, for example, an emitter electrode. Third front elec-
trode 27 includes, for example, a gate electrode and a
temperature sensor electrode. Second back electrode 265 is,
for example, a collector electrode.

[0085] First semiconductor element 20 is mounted on first
conductive layer 12. First back electrode 215 is joined to
first conductive layer 12 by a first conductive joint member
23. Second semiconductor element 25 is mounted on first
conductive layer 12 at a distance from first semiconductor
element 20 in the first direction (the x direction). Second
back electrode 2656 is joined to first conductive layer 12 by
a second conductive joint member 28. First conductive joint
member 23 and second conductive joint member 28 are
each, for example, solder or a conductive adhesive contain-
ing a metal filler such as a silver filler or a copper filler
dispersed in a resin. First conductive joint member 23 and
second conductive joint member 28 are each a sintered joint
member formed, for example, by firing metal nanoparticles
such as silver nanoparticles or copper nanoparticles at a low
temperature not higher than 300° C.

[0086] Asshown in FIGS. 1to 3, power module 1 includes
a case 50. Case 50 is formed, for example, of an electrically
insulating resin such as a polyphenylene sulfide (PPS) resin,
an epoxy resin, a polyimide resin, an acrylic resin, or a liquid
crystal polymer (LCP). Case 50 includes a first lead terminal
52, a second lead terminal 53, and a third lead terminal 54.
First lead terminal 52, second lead terminal 53, and third
lead terminal 54 are formed, for example, of a metal material
such as copper or aluminum. First lead terminal 52, second
lead terminal 53, and third lead terminal 54 are each drawn
to the outside of power module 1 through the inside of case
50.
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[0087] Circuit substrate 10 is joined to case 50 by a joint
member 51 such as a silicone resin adhesive. A gap between
circuit substrate 10 and case 50 is filled with joint member
51 so that leakage of sealing member 60 through the gap
between circuit substrate 10 and case 50 is prevented.

[0088] As shown in FIGS. 1 to 3, power module 1 further
includes a plurality of first conductive wire groups 30, a
plurality of second conductive wire groups 35, and a plu-
rality of third conductive wires 44.

[0089] The plurality of first conductive wire groups 30 are
arranged in parallel in the second direction (the y direction).
The plurality of first conductive wire groups 30 each extend
mainly along the first direction (the x direction). The plu-
rality of first conductive wire groups 30 each include a
plurality of first conductive wires 31a and 3154. In the present
embodiment, the plurality of first conductive wire groups 30
each include two first conductive wires 31a and 315. For
example, the plurality of first conductive wires 31a and 315
each have a diameter of 0.4 mm.

[0090] The plurality of second conductive wire groups 35
are arranged in parallel in the second direction (the y
direction) that intersects with the first direction (the x
direction). The plurality of second conductive wire groups
35 each extend mainly along the first direction (the x
direction). The plurality of second conductive wire groups
35 each include a plurality of second conductive wires 36a
and 36b. In the present embodiment, the plurality of second
conductive wire groups 35 each include two second con-
ductive wires 36a and 365. For example, the plurality of
second conductive wires 36a and 365 each have a diameter
of 0.4 mm.

[0091] The plurality of third conductive wires 44 mainly
extend along the first direction (the x direction). For
example, the plurality of third conductive wires 44 each
have a diameter of 0.15 mm. Third front electrode 27 of
second semiconductor element 25 and third lead terminal 54
are electrically connected to each other through the plurality
of third conductive wires 44. The plurality of first conduc-
tive wire groups 30 (the plurality of first conductive wires
31a and 315), the plurality of second conductive wire groups
35 (the plurality of second conductive wires 36a and 365),
and the plurality of third conductive wires 44 are, for
example, aluminum wires, copper wires, copper wires
coated with aluminum, or gold wires.

[0092] First front electrode 21 of first semiconductor ele-
ment 20 and first lead terminal 52 are electrically connected
to each other through first conductive wire groups 30. The
plurality of first conductive wire groups 30 each include a
bonded portion 30m bonded to first front electrode 21 of first
semiconductor element 20 and a bonded portion 307 bonded
to first lead terminal 52. The plurality of first conductive
wires 31a and 315 in bonded portion 30m are equal to each
other in potential. The plurality of first conductive wires 31a
and 315 in bonded portion 30z are equal to each other in
potential. Bonded portion 30m and bonded portion 307 are
equal to each other in potential difference between the
plurality of first conductive wires 31a and 315.

[0093] In bonded portion 30m, the plurality of first con-
ductive wires 31a and 315 included in the plurality of first
conductive wire groups 30 may be arranged at a regular
pitch (for example, 0.8 mm) in the second direction (the y
direction). In bonded portion 30n, the plurality of first
conductive wires 31a and 315 included in the plurality of
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first conductive wire groups 30 may be arranged at a regular
pitch (for example, 0.8 mm) in the second direction (the y
direction).

[0094] As shown in FIG. 4, in a plan view of first front
electrode 21, a maximum gap G,,,,; in the second direction
(the y direction) between first intermediate portions of the
pair of first conductive wire groups 30 adjacent to each other
is larger than a gap G, in the second direction (they direc-
tion) between bonded portions 30m of the pair of first
conductive wire groups 30 adjacent to each other. The first
intermediate portion of first conductive wire group 30 is
located between bonded portion 30m and bonded portion
30z of first conductive wire group 30. In the plan view of
first front electrode 21, each of the plurality of first conduc-
tive wire groups 30 is narrower in width in the first inter-
mediate portion of first conductive wire group 30 than in
bonded portion 30m of first conductive wire group 30. In the
plan view of first front electrode 21, the first intermediate
portion of first conductive wire group 30 is located on an
inner side in the second direction (the y direction) relative to
bonded portion 30m.

[0095] Maximum gap G,,,,; 1S, for example, at least 1.2
time as large as gap G,. Maximum gap G,,,,, is, for
example, at least 1.3 time as large as gap G,. Maximum gap
G,,.x1 18, for example, at least 1.5 time as large as gap Gj.
Maximum gap G, is, for example, at least 2.0 times as
large as gap G,. Maximum gap G,,,,, s, for example, not
shorter than 1.05 mm. Maximum gap G,,, ., is, for example,
not shorter than 1.10 mm. Maximum gap G,,,.; is, for
example, not shorter than 1.20 mm.

[0096] In the plan view of first front electrode 21, maxi-
mum gap G,,,.; in the second direction (the y direction)
between the first intermediate portions of the pair of first
conductive wire groups 30 adjacent to each other is larger
than a gap G, in the second direction (they direction)
between bonded portions 307 of the pair of first conductive
wire groups 30 adjacent to each other. In the plan view of
first front electrode 21, each of the plurality of first conduc-
tive wire groups 30 is narrower in width in the first inter-
mediate portion of first conductive wire group 30 than in
bonded portion 30z of first conductive wire group 30. In the
plan view of first front electrode 21, the first intermediate
portion of first conductive wire group 30 is located on the
inner side in the second direction (the y direction) relative to
bonded portion 30%. Maximum gap G,, ., 1s, for example, at
least 1.2 time as large as gap G,. Maximum gap G,, ., is, for
example, at least 1.3 time as large as gap G,. Maximum gap
G,,.x1 18, for example, at least 1.5 time as large as gap G,.
Maximum gap G,,,.; 18, for example, at least 2.0 times as
large as gap G,.

[0097] Therefore, air bubbles that were introduced in
sealing member 60 in providing sealing member 60 and
remain below the plurality of first conductive wires 31a and
3154 readily pass between the pair of first conductive wire
groups 30 adjacent to each other and escape to the outside
of sealing member 60. Lowering in insulating performance
of sealing member 60 is prevented. Power module 1 is
improved in reliability.

[0098] In contrast, in a power module according to a
comparative example shown in FIGS. 6 and 7, a gap
between the pair of first conductive wires 31a and 315
adjacent to each other is smaller than in power module 1 in
the present embodiment. Therefore, air bubbles that were
introduced in sealing member 60 in providing sealing mem-

max



US 2021/0217724 Al

ber 60 may remain in sealing member 60 below the plurality
of first conductive wires 31a and 315. The air bubbles lower
insulating performance of sealing member 60 and lower
reliability of the power module.

[0099] Specifically, in power module 1, as shown in FIGS.
1 and 4, the plurality of first conductive wires 31a and 315
intersect with each other at the first intermediate portion of
first conductive wire group 30. In the plan view of first front
electrode 21, the plurality of first conductive wires 31a and
3156 intersect with each other at one location. In the plan
view of first front electrode 21, tops of the plurality of first
conductive wires 31a and 315 included in each of the
plurality of first conductive wire groups 30 overlap each
other. The top of first conductive wire 31a is located below
the top of first conductive wire 315. The top of the conduc-
tive wire herein means a highest portion of the conductive
wire in a third direction (a z direction) perpendicular to the
first direction (the x direction) and the second direction (the
y direction).

[0100] First conductive wire 31a and first conductive wire
3156 intersect with each other at the top of first conductive
wire 31a and the top of first conductive wire 315. In the plan
view of first front electrode 21, a gap between the tops of the
pair of first conductive wire groups 30 adjacent to each other
is larger than gap G, in the second direction (they direction)
between bonded portions 30m of the pair of first conductive
wire groups 30 adjacent to each other. In the plan view of
first front electrode 21, the gap between the tops of the pair
of first conductive wire groups 30 adjacent to each other is
larger than gap G, in the second direction (the y direction)
between bonded portions 307 of the pair of first conductive
wire groups 30 adjacent to each other.

[0101] First conductive wire 31a may be in contact with
first conductive wire 315 adjacent thereto. First conductive
wire 31a may be spaced away from first conductive wire 314
adjacent thereto. When a gap between first conductive wire
31a and first conductive wire 315 is too large due to one of
first conductive wire 31a and first conductive wire 315 being
too close to first conductive layer 12, a distance between one
of first conductive wire 31a and first conductive wire 315
and first conductive layer 12 becomes short and insulating
performance of power module 1 is lowered. When the gap
between first conductive wire 31a and first conductive wire
3154 is too large due to one of first conductive wire 31a and
first conductive wire 315 being too distant from first con-
ductive layer 12, a distance between one of first conductive
wire 31a and first conductive wire 315 and an upper surface
of sealing member 60 becomes short and insulating perfor-
mance of power module 1 is lowered. Therefore, first
conductive wire 31a may be spaced away from first con-
ductive wire 315 by a distance not longer than the diameter
of first conductive wire 31a.

[0102] The plurality of first conductive wires 31a and 315
included in each of the plurality of first conductive wire
groups 30 are different in length from each other. As shown
in FIG. 5, portions of the pair of first conductive wire groups
30 adjacent to each other where maximum gap G,,,,; is
defined are equal to each other in height (for example,
heights of the tops of the pair of first conductive wire groups
30 adjacent to each other).

[0103] As shown in FIG. 12, portions of the pair of first
conductive wire groups 30 adjacent to each other where
maximum gap G,,,,; 1s defined may be different from each
other in height (for example, heights of the tops of the pair
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of first conductive wire groups 30 adjacent to each other).
Therefore, the gap between the pair of first conductive wire
groups 30 adjacent to each other is further larger. Air bubbles
that were introduced in sealing member 60 in providing
sealing member 60 and remain below the plurality of first
conductive wires 31a and 315 more readily pass between the
pair of first conductive wire groups 30 adjacent to each other
and escape to the outside of sealing member 60.

[0104] First front electrode 21 of first semiconductor ele-
ment 20 and second front electrode 26 of second semicon-
ductor element 25 are electrically connected to each other
through first conductive wire groups 30. The plurality of first
conductive wire groups 30 each include bonded portion 30m
bonded to first front electrode 21 of first semiconductor
element 20 and a bonded portion 30p bonded to second front
electrode 26 of second semiconductor element 25. The
plurality of first conductive wires 31a and 315 in bonded
portion 30m are equal to each other in potential. The
plurality of first conductive wires 31a and 315 in bonded
portion 30p are equal to each other in potential. Bonded
portion 30m and bonded portion 30p are equal to each other
in potential difference between the plurality of first conduc-
tive wires 31a and 315.

[0105] In bonded portion 30m, the plurality of first con-
ductive wires 31a and 315 included in the plurality of first
conductive wire groups 30 may be arranged at a regular
pitch (for example, 0.8 mm) in the second direction (the y
direction). In bonded portion 30p, the plurality of first
conductive wires 31a and 315 included in the plurality of
first conductive wire groups 30 may be arranged at a regular
pitch (for example, 0.8 mm) in the second direction (the y
direction).

[0106] As shown in FIG. 8, in the plan view of first front
electrode 21, a maximum gap G,,, ., in the second direction
(the y direction) between second intermediate portions of the
pair of first conductive wire groups 30 adjacent to each other
is larger than gap G, in the second direction (the y direction)
between bonded portions 30m of the pair of first conductive
wire groups 30 adjacent to each other. The second interme-
diate portion of first conductive wire group 30 is located
between bonded portion 30m of first conductive wire group
30 and bonded portion 30p of first conductive wire group 30.
In the plan view of first front electrode 21, each of the
plurality of first conductive wire groups 30 is narrower in
width in the second intermediate portion of first conductive
wire group 30 than in bonded portion 30m of first conductive
wire group 30. In the plan view of first front electrode 21, the
second intermediate portion of first conductive wire group
30 is located on the inner side in the second direction (the y
direction) relative to bonded portion 30m.

[0107] Maximum gap G,,,,.. 18, for example, at least 1.2
time as large as gap G,. Maximum gap G,,,., is, for
example, at least 1.3 time as large as gap G,. Maximum gap
G,,uxz 18, for example, at least 1.5 time as large as gap Gj.
Maximum gap G,,,., is, for example, at least 2.0 times as
large as gap G,. Maximum gap G,,,.» is, for example, not
shorter than 1.05 mm. Maximum gap G,,, ., is, for example,
not shorter than 1.10 mm. Maximum gap G,,,., is, for
example, not shorter than 1.20 mm.

[0108] In the plan view of first front electrode 21, maxi-
mum gap G,,,.. in the second direction (the y direction)
between the second intermediate portions of the pair of first
conductive wire groups 30 adjacent to each other is larger
than a gap G; in the second direction (they direction)
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between bonded portions 30p of the pair of first conductive
wire groups 30 adjacent to each other. In the plan view of
first front electrode 21, each of the plurality of first conduc-
tive wire groups 30 is narrower in width in the second
intermediate portion of first conductive wire group 30 than
in bonded portion 30p of first conductive wire group 30. In
the plan view of first front electrode 21, the second inter-
mediate portion of first conductive wire group 30 is located
on the inner side in the second direction (the y direction)
relative to bonded portion 30p. Maximum gap G,,,,,, 18, for
example, at least 1.2 time as large as gap G,. Maximum gap
G,,ux2 18, for example, at least 1.3 time as large as gap Gj.
Maximum gap G,,,., is, for example, at least 1.5 time as
large as gap G;. Maximum gap G,,,.. 1, for example, at
least 2.0 times as large as gap G;.

[0109] Therefore, air bubbles that were introduced in
sealing member 60 in providing sealing member 60 and
remain below the plurality of first conductive wires 31a and
316 readily pass between the pair of first conductive wire
groups 30 adjacent to each other and escape to the outside
of sealing member 60. Lowering in insulating performance
of sealing member 60 is prevented. Power module 1 is
improved in reliability.

[0110] Specifically, as shown in FIGS. 1 and 8, the plu-
rality of first conductive wires 31a and 315 intersect with
each other at the second intermediate portion of first con-
ductive wire group 30. In the plan view of first front
electrode 21, the plurality of first conductive wires 31a and
3156 intersect with each other at one location. In the plan
view of first front electrode 21, tops of the plurality of first
conductive wires 31a and 315 included in each of the
plurality of first conductive wire groups 30 overlap each
other. The top of first conductive wire 31a is located below
the top of first conductive wire 315.

[0111] First conductive wire 31a and first conductive wire
3156 intersect with each other at the top of first conductive
wire 31a and the top of first conductive wire 315. In the plan
view of first front electrode 21, a gap between the tops of the
pair of first conductive wire groups 30 adjacent to each other
is larger than gap G, in the second direction (they direction)
between bonded portions 30m of the pair of first conductive
wire groups 30 adjacent to each other. In the plan view of
first front electrode 21, the gap between the tops of the pair
of first conductive wire groups 30 adjacent to each other is
larger than gap G; in the second direction (the y direction)
between bonded portions 30p of the pair of first conductive
wire groups 30 adjacent to each other.

[0112] First conductive wire 31a may be in contact with or
spaced away from first conductive wire 315 adjacent thereto.
The plurality of first conductive wires 31a and 315 included
in each of the plurality of first conductive wire groups 30 are
different from each other in length. As shown in FIG. 9,
portions of the pair of first conductive wire groups 30
adjacent to each other where maximum gap G,,, .. is defined
are equal to each other in height (for example, heights of the
tops of the pair of first conductive wire groups 30 adjacent
to each other).

[0113] As shown in FIG. 13, portions of the pair of first
conductive wire groups 30 adjacent to each other where
maximum gap G,,,., is defined may be different from each
other in height (for example, heights of the tops of the pair
of first conductive wire groups 30 adjacent to each other).
Therefore, the gap between the pair of first conductive wire
groups 30 adjacent to each other is further larger. Air bubbles
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that were introduced in sealing member 60 in providing
sealing member 60 and remain below the plurality of first
conductive wires 31a and 315 more readily pass between the
pair of first conductive wire groups 30 adjacent to each other
and escape to the outside of sealing member 60.

[0114] First conductive layer 12 and second lead terminal
53 are electrically connected to each other through second
conductive wire groups 35. The plurality of second conduc-
tive wire groups 35 each include a bonded portion 35m
bonded to first conductive layer 12 and a bonded portion 35»
bonded to second lead terminal 53. The plurality of second
conductive wires 36a and 364 in bonded portion 35m are
equal to each other in potential. The plurality of second
conductive wires 36a and 365 in bonded portion 35r are
equal to each other in potential. Bonded portion 35m and
bonded portion 35 are equal to each other in potential
difference between the plurality of second conductive wires
36a and 36b.

[0115] In bonded portion 35m, the plurality of second
conductive wires 36a and 365 included in the plurality of
second conductive wire groups 35 may be arranged at a
regular pitch (for example, 0.8 mm) in the second direction
(the y direction). In bonded portion 35z, the plurality of
second conductive wires 36a and 364 included in the
plurality of second conductive wire groups 35 may be
arranged at a regular pitch (for example, 0.8 mm) in the
second direction (the y direction).

[0116] As shown in FIG. 10, in the plan view of first
conductive layer 12, a maximum gap G,,,.; in the second
direction (the y direction) between third intermediate por-
tions of the pair of second conductive wire groups 35
adjacent to each other is larger than a gap G, in the second
direction (the y direction) between bonded portions 35m of
the pair of second conductive wire groups 35 adjacent to
each other. The third intermediate portion of second con-
ductive wire group 35 is located between bonded portion
35m and bonded portion 35z of second conductive wire
group 35. In the plan view of first conductive layer 12, each
of the plurality of second conductive wire groups 35 is
narrower in width in the third intermediate portion of second
conductive wire group 35 than in bonded portion 35m of
second conductive wire group 35. In the plan view of first
conductive layer 12, the third intermediate portion of second
conductive wire group 35 is located on the inner side in the
second direction (the y direction) relative to bonded portion
35m.

[0117] Maximum gap G, .5 is, for example, at least 1.2
time as large as gap G,. Maximum gap G,,,; is, for
example, at least 1.3 time as large as gap G,. Maximum gap
G,, .3 15, for example, at least 1.5 time as large as gap G,.
Maximum gap G,,,.; 18, for example, at least 2.0 times as
large as gap G,. Maximum gap G,,,.5 1s, for example, not
shorter than 1.05 mm. Maximum gap G,,,,. 5 is, for example,
not shorter than 1.10 mm. Maximum gap G,,,.s is, for
example, not shorter than 1.20 mm.

[0118] In the plan view of first conductive layer 12,
maximum gap G,, . in the second direction (the y direction)
between the third intermediate portions of the pair of second
conductive wire groups 35 adjacent to each other is larger
than a gap G, in the second direction (the y direction)
between bonded portions 357 of the pair of second conduc-
tive wire groups 35 adjacent to each other. In the plan view
of first conductive layer 12, each of the plurality of second
conductive wire groups 35 is narrower in width in the third
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intermediate portion of second conductive wire group 35
than in bonded portion 357 of second conductive wire group
35. In the plan view of first conductive layer 12, the third
intermediate portion of second conductive wire group 35 is
located on the inner side in the second direction (the y
direction) relative to bonded portion 35z. Maximum gap
G,,ux3 18, for example, at least 1.2 time as large as gap Gs.
Maximum gap G,,,.; is, for example, at least 1.3 time as
large as gap G,. Maximum gap G, is, for example, at
least 1.5 time as large as gap G5. Maximum gap G, . is, for
example, at least 2.0 times as large as gap Gs.

[0119] Therefore, air bubbles that were introduced in
sealing member 60 in providing sealing member 60 and
remain below the plurality of second conductive wires 36a
and 365 readily pass between the pair of second conductive
wire groups 35 adjacent to each other and escape to the
outside of sealing member 60. Lowering in insulating per-
formance of sealing member 60 is prevented. Power module
1 is improved in reliability.

[0120] Specifically, as shown in FIGS. 1 and 10, the
plurality of second conductive wires 36a and 365 intersect
with each other at the third intermediate portion of second
conductive wire group 35. In the plan view of first conduc-
tive layer 12, the plurality of second conductive wires 36a
and 365 intersect with each other at one location. In the plan
view of first conductive layer 12, tops of the plurality of
second conductive wires 36a and 365 included in each of the
plurality of second conductive wire groups 35 overlap each
other. The top of second conductive wire 36a is located
below the top of second conductive wire 365.

[0121] Second conductive wire 36a and second conduc-
tive wire 365 intersect with each other at the top of second
conductive wire 36a and the top of second conductive wire
36b. In the plan view of first conductive layer 12, a gap
between the tops of the pair of second conductive wire
groups 35 adjacent to each other is larger than gap G, in the
second direction (the y direction) between bonded portions
35m of the pair of second conductive wire groups 35
adjacent to each other. In the plan view of first conductive
layer 12, the gap between the tops of the pair of second
conductive wire groups 35 adjacent to each other is larger
than gap G in the second direction (the y direction) between
bonded portions 357 of the pair of second conductive wire
groups 35 adjacent to each other.

[0122] Second conductive wire 36a may be in contact with
second conductive wire 365 adjacent thereto. Second con-
ductive wire 36a may be spaced away from second conduc-
tive wire 365 adjacent thereto. When a gap between second
conductive wire 36a and second conductive wire 365 is too
large due to one of second conductive wire 364 and second
conductive wire 365 being too close to first conductive layer
12, a distance between one of second conductive wire 36a
and second conductive wire 365 and first conductive layer
12 becomes short and insulating performance of power
module 1 is lowered. When the gap between second con-
ductive wire 36a and second conductive wire 365 is too
large due to one of second conductive wire 364 and second
conductive wire 365 being too distant from first conductive
layer 12, a distance between one of second conductive wire
364 and second conductive wire 365 and the upper surface
of sealing member 60 becomes short and insulating perfor-
mance of power module 1 is lowered. Therefore, second
conductive wire 36a may be spaced away from second
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conductive wire 365 by a distance not longer than a diameter
of second conductive wire 36a.

[0123] The plurality of second conductive wires 36a and
364 included in each of the plurality of second conductive
wire groups 35 are different from each other in length. As
shown in FIG. 11, portions of the pair of second conductive
wire groups 35 adjacent to each other where maximum gap
G,,.xs 15 defined are equal to each other in height (for
example, heights of the tops of the pair of second conductive
wire groups 35 adjacent to each other).

[0124] As shown in FIG. 14, portions of the pair of second
conductive wire groups 35 adjacent to each other where
maximum gap G,,,.; is defined may be different from each
other in height (for example, heights of the tops of the pair
of'second conductive wire groups 35 adjacent to each other).
Therefore, the gap between the pair of second conductive
wire groups 35 adjacent to each other is further larger. Air
bubbles that were introduced in sealing member 60 in
providing sealing member 60 and remain below the plurality
of second conductive wires 36a and 365 more readily pass
between the pair of second conductive wire groups 35
adjacent to each other and escape to the outside of sealing
member 60.

[0125] Power module 1 further includes sealing member
60. Sealing member 60 seals first semiconductor element 20,
second semiconductor element 25, the plurality of first
conductive wire groups 30, the plurality of second conduc-
tive wire groups 35, and the plurality of third conductive
wires 44. Sealing member 60 further seals a part of first lead
terminal 52, a part of second lead terminal 53, and a part of
third lead terminal 54.

[0126] Sealing member 60 is formed of an insulating
resin. Sealing member 60 is formed, for example, of an
insulating resin that can directly be potted such as an epoxy
resin or a silicone resin or an insulating resin such as silicone
gel. In one example, sealing member 60 is provided by direct
potting. In another example, sealing member 60 is provided
by injecting a sealing material into a mold where circuit
substrate 10 has been set.

[0127] Sealing member 60 may contain fine particles or
fillers. Fine particles or fillers may be dispersed in the
insulating resin. Fine particles or fillers are formed of an
inorganic ceramic material such as silicon dioxide (Si0O,),
alumina (Al,O;), aluminum nitride (AIN), boron nitride
(BN), silicon nitride (Si;N,), diamond (C), silicon carbide
(SiC), or boron oxide (B,0;). Fine particles or fillers have
a maximum diameter not smaller than 30 pm and not larger
than 200 pm. By adding fine particles or fillers to the
insulating resin, a thermal expansion coefficient of sealing
member 60 can be adjusted. Fine particles or fillers may be
higher in thermal conductivity than an insulating resin
material which is a main component of sealing member 60
and may improve thermal conduction of sealing member 60.
[0128] A method of manufacturing power module 1 in the
first embodiment will be described with reference to FIGS.
1to 3 and 15 to 18.

[0129] As shown in FIG. 15, the method of manufacturing
power module 1 in the present embodiment includes mount-
ing first semiconductor element 20 and second semiconduc-
tor element 25 on circuit substrate 10. Specifically, circuit
substrate 10 is prepared. For example, circuit substrate 10 is
prepared by bonding first conductive layer 12 to the first
main surface of insulating substrate 11 and bonding second
conductive layer 13 to the second main surface of insulating
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substrate 11. Then, first semiconductor element 20 and
second semiconductor element 25 are mounted on circuit
substrate 10 by means of first conductive joint member 23
and second conductive joint member 28. For example, when
first conductive joint member 23 and second conductive
joint member 28 are solder, first semiconductor element 20
and second semiconductor element 25 are soldered to first
conductive layer 12 of circuit substrate 10 by reflow sol-
dering.

[0130] As shown in FIG. 16, the method of manufacturing
power module 1 in the present embodiment includes attach-
ing circuit substrate 10 to case 50. For example, circuit
substrate 10 is joined to case 50 with joint member 51 such
as a silicone resin adhesive.

[0131] As shown in FIGS. 17 and 18, the method of
manufacturing power module 1 in the present embodiment
includes electrically connecting first front electrode 21 of
first semiconductor element 20 and first lead terminal 52 to
each other through the plurality of first conductive wire
groups 30. The plurality of first conductive wire groups 30
are arranged in parallel in the second direction (the y
direction). The plurality of first conductive wire groups 30
each include the plurality of first conductive wires 31a and
31b. The plurality of first conductive wire groups 30 each
include bonded portion 30m bonded to first front electrode
21 of first semiconductor element 20 and bonded portion
307 bonded to first lead terminal 52. Specifically, the plu-
rality of first conductive wires 31a and 315 are bonded to
first front electrode 21 and first lead terminal 52 with a wire
bonder (not shown).

[0132] As shown in FIG. 4, in the plan view of first front
electrode 21, maximum gap G,,,,; in the second direction
(the y direction) between the first intermediate portions of
the pair of first conductive wire groups 30 adjacent to each
other is larger than gap G, in the second direction (the y
direction) between bonded portions 30m of the pair of first
conductive wire groups 30 adjacent to each other. The first
intermediate portion of first conductive wire group 30 is
located between bonded portion 30m and bonded portion
30 of first conductive wire group 30. In the plan view of
first front electrode 21, each of the plurality of first conduc-
tive wire groups 30 is narrower in width in the first inter-
mediate portion of first conductive wire group 30 than in
bonded portion 30m of first conductive wire group 30. In the
plan view of first front electrode 21, the first intermediate
portion of first conductive wire group 30 is located on the
inner side in the second direction (the y direction) relative to
bonded portion 30m.

[0133] In the plan view of first front electrode 21, maxi-
mum gap G,,,.; in the second direction (the y direction)
between the first intermediate portions of the pair of first
conductive wire groups 30 adjacent to each other is larger
than gap G, in the second direction (they direction) between
bonded portions 307 of the pair of first conductive wire
groups 30 adjacent to each other. In the plan view of first
front electrode 21, each of the plurality of first conductive
wire groups 30 is narrower in width in the first intermediate
portion of first conductive wire group 30 than in bonded
portion 30x of first conductive wire group 30. In the plan
view of first front electrode 21, the first intermediate portion
of first conductive wire group 30 is located on the inner side
in the second direction (the y direction) relative to bonded
portion 307.
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[0134] Specifically, in the method of manufacturing power
module 1 in the present embodiment, electrically connecting
first front electrode 21 of first semiconductor element 20 and
second front electrode 26 of second semiconductor element
25 to each other through the plurality of first conductive wire
groups 30 includes causing the plurality of first conductive
wires 31a and 315 to intersect with each other at the second
intermediate portion of first conductive wire group 30.

[0135] As shown in FIGS. 17 and 18, the method of
manufacturing power module 1 in the present embodiment
includes electrically connecting first front electrode 21 of
first semiconductor element 20 and second front electrode
26 of second semiconductor element 25 to each other
through the plurality of first conductive wire groups 30. The
plurality of first conductive wire groups 30 are arranged in
parallel in the second direction (the y direction). The plu-
rality of first conductive wire groups 30 each include the
plurality of first conductive wires 31a and 315. The plurality
of first conductive wire groups 30 each include bonded
portion 30m bonded to first front electrode 21 of first
semiconductor element 20 and bonded portion 30p bonded
to second front electrode 26 of second semiconductor ele-
ment 25. Specifically, the plurality of first conductive wires
31a and 315 are bonded to first front electrode 21 and second
front electrode 26 with a wire bonder (not shown).

[0136] As shown in FIG. 8, in the plan view of first front
electrode 21, maximum gap G,,,,., in the second direction
(the y direction) between the second intermediate portions of
the pair of first conductive wire groups 30 adjacent to each
other is larger than gap G, in the second direction (the y
direction) between bonded portions 30m of the pair of first
conductive wire groups 30 adjacent to each other. The
second intermediate portion is located between bonded
portion 30m and bonded portion 30p. In the plan view of first
front electrode 21, each of the plurality of first conductive
wire groups 30 is narrower in width in the second interme-
diate portion of first conductive wire group 30 than in
bonded portion 30m of first conductive wire group 30. In the
plan view of first front electrode 21, the second intermediate
portion of first conductive wire group 30 is located on the
inner side in the second direction (the y direction) relative to
bonded portion 30m.

[0137] In the plan view of first front electrode 21, maxi-
mum gap G,,,., in the second direction (the y direction)
between the second intermediate portions of the pair of first
conductive wire groups 30 adjacent to each other is larger
than gap G; in the second direction (they direction) between
bonded portions 30p of the pair of first conductive wire
groups 30 adjacent to each other. In the plan view of first
front electrode 21, each of the plurality of first conductive
wire groups 30 is narrower in width in the second interme-
diate portion of first conductive wire group 30 than in
bonded portion 30p of first conductive wire group 30. In the
plan view of first front electrode 21, the second intermediate
portion of first conductive wire group 30 is located on the
inner side in the second direction (the y direction) relative to
bonded portion 30p.

[0138] Specifically, in the method of manufacturing power
module 1 in the present embodiment, electrically connecting
first front electrode 21 of first semiconductor element 20 and
second front electrode 26 of second semiconductor element
25 to each other through the plurality of first conductive wire
groups 30 includes causing the plurality of first conductive
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wires 31a and 315 to intersect with each other at the second
intermediate portion of first conductive wire group 30.
[0139] As shown in FIGS. 17 and 18, the method of
manufacturing power module 1 in the present embodiment
includes electrically connecting first conductive layer 12 and
second lead terminal 53 to each other through the plurality
of second conductive wire groups 35. The plurality of
second conductive wire groups 35 are arranged in parallel in
the second direction (the y direction). The plurality of
second conductive wire groups 35 each include the plurality
of second conductive wires 36a and 365. The plurality of
second conductive wire groups 35 each include bonded
portion 35m bonded to first conductive layer 12 and bonded
portion 357 bonded to second lead terminal 53. Specifically,
the plurality of second conductive wires 36a and 365 are
bonded to first conductive layer 12 and second lead terminal
53 with a wire bonder (not shown).

[0140] As shown in FIG. 10, in the plan view of first
conductive layer 12, maximum gap G, in the second
direction (the y direction) between the third intermediate
portions of the pair of second conductive wire groups 35
adjacent to each other is larger than gap G, in the second
direction (the y direction) between bonded portions 35m of
the pair of second conductive wire groups 35 adjacent to
each other. The third intermediate portion of second con-
ductive wire group 35 is located between bonded portion
35m and bonded portion 35z of second conductive wire
group 35. In the plan view of first conductive layer 12, each
of the plurality of second conductive wire groups 35 is
narrower in width in the third intermediate portion of second
conductive wire group 35 than in bonded portion 35m of
second conductive wire group 35. In the plan view of second
conductive layer 12, the third intermediate portion of second
conductive wire group 35 is located on the inner side in the
second direction (the y direction) relative to bonded portion
35m.

[0141] In the plan view of first conductive layer 12,
maximum gap G,,,,,,; in the second direction (the y direction)
between the third intermediate portions of the pair of second
conductive wire groups 35 adjacent to each other is larger
than gap G in the second direction (the y direction) between
bonded portions 357 of the pair of second conductive wire
groups 35 adjacent to each other. In the plan view of first
conductive layer 12, each of the plurality of second con-
ductive wire groups 35 is narrower in width in the third
intermediate portion of second conductive wire group 35
than in bonded portion 357 of second conductive wire group
35. In the plan view of first conductive layer 12, the third
intermediate portion of second conductive wire group 35 is
located on the inner side in the second direction (the y
direction) relative to bonded portion 35n.

[0142] Specifically, in the method of manufacturing power
module 1 in the present embodiment, electrically connecting
first conductive layer 12 and second lead terminal 53 to each
other through the plurality of second conductive wire groups
35 includes causing the plurality of second conductive wires
36a and 365 to intersect with each other at the third
intermediate portion of second conductive wire group 35.
[0143] As shown in FIGS. 17 and 18, the method of
manufacturing power module 1 in the present embodiment
includes electrically connecting third front electrode 27 of
second semiconductor element 25 and third lead terminal 54
to each other through the plurality of third conductive wires
44. Specifically, the plurality of third conductive wires 44
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are bonded to third front electrode 27 of second semicon-
ductor element 25 and third lead terminal 54 with a wire
bonder (not shown). A step of bonding the plurality of first
conductive wire groups 30, the plurality of second conduc-
tive wire groups 35, and the plurality of third conductive
wires 44 may be performed before a step of attaching circuit
substrate 10 to case 50.

[0144] The method of manufacturing power module 1 in
the present embodiment includes sealing first semiconductor
element 20, second semiconductor element 25, a part of first
lead terminal 52, a part of second lead terminal 53, a part of
third lead terminal 54, the plurality of first conductive wire
groups 30, the plurality of second conductive wire groups
35, and the plurality of third conductive wires 44 with
sealing member 60. Power module 1 shown in FIGS. 1t0 3
is thus obtained.

[0145] Ina first example of the step of sealing with sealing
member 60, for example, a sealing material is held in a
pressure-reduced atmosphere at 500 Pa and defoamed. An
insulating resin that can directly be potted such as an epoxy
resin or a silicone resin is adopted as the sealing material.
The sealing material is supplied into case 50 by direct
potting. The insulating resin that can directly be potted has
a viscosity, for example, not lower than 5 Pa-S. The insu-
lating resin that can directly be potted has a viscosity, for
example, not lower than 7 Pa-S. The insulating resin that can
directly be potted has a viscosity, for example, not lower
than 10 Pa‘S. The insulating resin that can directly be potted
has a viscosity, for example, not higher than 30 Pa-S. As the
viscosity of the sealing material is higher, air bubbles are
more likely to be introduced in the sealing material in
providing sealing member 60 and air bubbles are less likely
to escape from the sealing material. The viscosity of the
insulating resin herein is measured at a temperature not
lower than 40° C. and not higher than 90° C.

[0146] Then, the sealing material is heated at a tempera-
ture, for example, not lower than 40° C. and not higher than
90° C. The heated sealing material is supplied into case 50
and provided in case 50. The sealing material is defoamed.
For example, the sealing material may be defoamed by
holding the sealing material in a pressure-reduced atmo-
sphere. Specifically, case 50 containing the sealing material
is held in the reduced-pressure atmosphere, for example, not
lower than 700 Pa and not higher than 1500 Pa. The sealing
material may be defoamed, for example, by being vibrated.
Specifically, case 50 containing the sealing material is
vibrated. The sealing material is vibrated at a frequency, for
example, not lower than 10 Hz and not higher than 1 kHz.
Then, the sealing material is cured. Sealing member 60 is
thus provided.

[0147] In a second example of the step of sealing with
sealing member 60, sealing member 60 is provided by
transfer molding without using case 50. Specifically, the
sealing material is held in a pressure-reduced atmosphere,
for example, at 500 Pa and defoamed. Circuit substrate 10 on
which first semiconductor element 20 and second semicon-
ductor element 25 are mounted, a part of first lead terminal
52, a part of second lead terminal 53, a part of third lead
terminal 54, the plurality of first conductive wire groups 30,
the plurality of second conductive wire groups 35, and the
plurality of third conductive wires 44 are set in a mold. The
sealing material is injected into the mold. An insulating resin
lower in viscosity than the insulating resin that can directly
be potted is adopted as the sealing material. The sealing
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material has a viscosity, for example, not lower than 0.2
Pa-S. The sealing material has a viscosity, for example, not
higher than 2.0 Pa-S. The sealing material is, for example,
silicone gel. As in the first example, the sealing material is
cured by being defoamed. Sealing member 60 is thus
provided.

[0148] As shown in FIG. 4, in the plan view of first front
electrode 21, maximum gap G,,,,; in the second direction
(the y direction) between the first intermediate portions of
the pair of first conductive wire groups 30 adjacent to each
other is larger than gap G, in the second direction (the y
direction) between bonded portions 30m of the pair of first
conductive wire groups 30 adjacent to each other and larger
than gap G, in the second direction (the y direction) between
bonded portions 307 of the pair of first conductive wire
groups 30 adjacent to each other. The first intermediate
portion of first conductive wire group 30 is located between
bonded portion 30m and bonded portion 30% of first con-
ductive wire group 30. Therefore, air bubbles that were
introduced in sealing member 60 in providing sealing mem-
ber 60 and remain below the plurality of first conductive
wires 31a and 316 readily pass between the pair of first
conductive wire groups 30 adjacent to each other and escape
to the outside of sealing member 60. Lowering in insulating
performance of sealing member 60 is prevented. Power
module 1 improved in reliability is obtained.

[0149] As shown in FIG. 8, in the plan view of first front
electrode 21, maximum gap G,,,,, in the second direction
(the y direction) between the second intermediate portions of
the pair of first conductive wire groups 30 adjacent to each
other is larger than gap G, in the second direction (the y
direction) between bonded portions 30m of the pair of first
conductive wire groups 30 adjacent to each other and larger
than gap G; in the second direction (the y direction) between
bonded portions 30p of the pair of first conductive wire
groups 30 adjacent to each other. The second intermediate
portion of first conductive wire group 30 is located between
bonded portion 30m and bonded portion 30p of first con-
ductive wire group 30. Therefore, air bubbles that were
introduced in sealing member 60 in providing sealing mem-
ber 60 and remain below the plurality of first conductive
wires 31a and 316 readily pass between the pair of first
conductive wire groups 30 adjacent to each other and escape
to the outside of sealing member 60. Lowering in insulating
performance of sealing member 60 is prevented. Power
module 1 improved in reliability is obtained.

[0150] As shown in FIG. 10, in the plan view of first
conductive layer 12, maximum gap G,,,.; in the second
direction (the y direction) between the third intermediate
portions of the pair of second conductive wire groups 35
adjacent to each other is larger than gap G, in the second
direction (the y direction) between bonded portions 35m of
the pair of second conductive wire groups 35 adjacent to
each other and larger than gap G in the second direction (the
y direction) between bonded portions 35# of the pair of
second conductive wire groups 35 adjacent to each other.
The third intermediate portion of second conductive wire
group 35 is located between bonded portion 35m and bonded
portion 35% of second conductive wire group 35. Therefore,
air bubbles that were introduced in sealing member 60 in
providing sealing member 60 and remain below the plurality
of second conductive wires 36a and 365 readily pass
between the pair of second conductive wire groups 35
adjacent to each other and escape to the outside of sealing
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member 60. Lowering in insulating performance of sealing
member 60 is prevented. Power module 1 improved in
reliability is obtained.

[0151] As in a power module 1a shown in FIG. 19, the
plurality of first conductive wire groups 30 may each include
three or more first conductive wires 31a, 315, and 31c. The
plurality of second conductive wire groups 35 may each
include three or more second conductive wires 36a, 365, and
36c.

[0152] As in a power module 15 shown in FIG. 20, a pair
of first conductive wire groups 30 and 305 adjacent to each
other may include first conductive wire group 30 and a first
conductive wire group 305. In first conductive wire group
30, first conductive wire 31a is located below first conduc-
tive wire 31b. In first conductive wire group 304, first
conductive wire 315 is located below first conductive wire
31a.

[0153] A pair of second conductive wire groups 35 and
35b adjacent to each other may include second conductive
wire group 35 and a second conductive wire group 354. In
second conductive wire group 35, second conductive wire
364 is located below second conductive wire 365. In second
conductive wire group 355, second conductive wire 365 is
located below second conductive wire 36a.

[0154] As in a power module 1¢ shown in FIG. 21, in the
plan view of first front electrode 21, positions of the tops of
the plurality of first conductive wires 31a and 315 may be
different from each other and the plurality of first conductive
wires 31a and 315 may be equal to each other in length. In
the plan view of first conductive layer 12, positions of the
tops of the plurality of second conductive wires 36a and 365
may be different from each other and the plurality of second
conductive wires 36a and 365 may be equal to each other in
length.

[0155] As in a power module 14 shown in FIGS. 22 and
23, bonded portions 30z and 30p may be spaced away from
opposing ends of first conductive wire group 30. Bonded
portions 30z and 30p may be spaced away from opposing
ends of first conductive wires 31a and 315. Bonded portions
35m and 35z may be spaced away from opposing ends of
second conductive wire group 35. Bonded portions 35m and
35» may be spaced away from opposing ends of second
conductive wires 36a and 365.

[0156] As in power module 1d shown in FIGS. 22 and 23,
two semiconductor elements (first semiconductor element
20 and second semiconductor element 25) may be different
from each other in thickness and first front electrode 21 may
be located at a height different from second front electrode
26. In one example, as shown in FIG. 23, a first thickness of
first semiconductor element 20 is smaller than a second
thickness of second semiconductor element 25. First front
electrode 21 is lower than second front electrode 26. In the
plan view of first front electrode 21, tops of the plurality of
first conductive wires 31a and 315 included in each of the
plurality of first conductive wire groups 30 overlap each
other. First conductive wire 31a and first conductive wire
3154 intersect with each other at the top of first conductive
wire 31a and the top of first conductive wire 3164.

[0157] For example, when first conductive wire 31a sim-
ply intersects with first conductive wire 315 in an example
where second front electrode 26 is higher than first front
electrode 21, first conductive wire 31a and first conductive
wire 315 intersect with each other in a portion proximal to
second front electrode 26. Therefore, air bubbles that remain
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below first conductive wires 31a and 315 are less likely to
escape to the outside of sealing member 60. In contrast, in
power module 14, first conductive wire 31a and first con-
ductive wire 315 are deformed and then first conductive wire
31a and first conductive wire 315 intersect with each other,
so that first conductive wire 31a and first conductive wire
3156 intersect with each other at the top of first conductive
wire 31a and the top of first conductive wire 315. Therefore,
air bubbles that remain below first conductive wires 31a and
3156 are likely to escape to the outside of sealing member 60.
[0158] Though power modules 1 to 14 in the present
embodiment each include two semiconductor elements (first
semiconductor element 20 and second semiconductor ele-
ment 25), they may each include at least one semiconductor
element. For example, though power modules 1 to 14 in the
present embodiment are each a 1-in-1 type power module
including a pair of a diode (first semiconductor element 20)
and an IGBT (second semiconductor element 25), they each
may be a 2-in-1 type power module including two pairs of
a diode (first semiconductor element 20) and an IGBT
(second semiconductor element 256) or a 6-in-1 type power
module including six pairs of a diode (first semiconductor
element 20) and an IGBT (second semiconductor element
25).

[0159] Effects of power modules 1 to 14 and a method of
manufacturing the same in the present embodiment will be
described.

[0160] Power modules 1 to 14 in the present embodiment
each include a first conductive member (first front electrode
21; first front electrode 21; first conductive layer 12), a
second conductive member (first lead terminal 52; second
front electrode 26; second lead terminal 53) spaced away
from the first conductive member in the first direction (the
x direction), a plurality of conductive wire groups (the
plurality of first conductive wire groups 30 and 3056; the
plurality of first conductive wire groups 30 and 3056; the
plurality of second conductive wire groups 35 and 355), and
sealing member 60. The plurality of conductive wire groups
electrically connect the first conductive member and the
second conductive member to each other. Sealing member
60 seals at least a part of the first conductive member, at least
a part of the second conductive member, and the plurality of
conductive wire groups.

[0161] The plurality of conductive wire groups are
arranged in parallel in the second direction (the y direction)
perpendicular to the first direction (the x direction). The
plurality of conductive wire groups each include a plurality
of conductive wires (the plurality of first conductive wires
31a, 315, and 31c; the plurality of first conductive wires 31a,
315, and 31c; the plurality of second conductive wires 36a,
36b, and 36¢). The plurality of conductive wire groups each
include a first bonded portion (bonded portion 30m; bonded
portion 30m; bonded portion 35m) bonded to the first
conductive member and a second bonded portion (bonded
portion 30n; bonded portion 30p; bonded portion 35n)
bonded to the second conductive member (first lead terminal
52; second front electrode 26; second lead terminal 53).
[0162] In the plan view of the first conductive member, a
maximum gap (maximum gap G,,,,;; maximum gap G,,,.»;
maximum gap G,,,.5) in the second direction (the y direc-
tion) between the intermediate portions (the first intermedi-
ate portions; the second intermediate portions; the third
intermediate portions) of a pair of conductive wire groups
(the pair of first conductive wire groups 30 and 305; the pair
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of first conductive wire groups 30 and 305; the pair of
second conductive wire groups 35 and 355) adjacent to each
other is larger than a first gap (gap G,; gap G;; gap G,) in
the second direction between the first bonded portions of the
pair of conductive wire groups adjacent to each other. The
intermediate portion is located between the first bonded
portion and the second bonded portion. In the plan view of
the first conductive member, a maximum gap (maximum
gap G,,,.;; maximum gap G, .»; maximum gap G, ;) in
the second direction between the intermediate portions of
the pair of conductive wire groups adjacent to each other is
larger than a second gap (gap G,; gap G;; gap Gs) in the
second direction between the second bonded portions of the
pair of conductive wire groups adjacent to each other.
[0163] Therefore, air bubbles that were introduced in
sealing member 60 in providing sealing member 60 and
remain below the plurality of conductive wires readily pass
between the pair of conductive wire groups adjacent to each
other and escape to the outside of sealing member 60.
Lowering in insulating performance of sealing member 60 is
prevented. Power modules 1 to 1d in the present embodi-
ment are improved in reliability.

[0164] In power modules 1 to 14 in the present embodi-
ment, the number of conductive wires can be increased and
the gap between the pair of conductive wires adjacent to
each other can be made smaller. Therefore, power modules
1 to 1d can handle a higher current while they are small in
size. Furthermore, since power modules 1 to 14 in the
present embodiment each include a structure that can allow
elimination of a step of checking for air bubbles, they can
achieve improved production efficiency.

[0165] The method of manufacturing power modules 1 to
14 in the present embodiment includes electrically connect-
ing the first conductive member (first front electrode 21; first
front electrode 21; first conductive layer 12) and the second
conductive member (first lead terminal 52; second front
electrode 26; second lead terminal 53) spaced away from the
first conductive member in the first direction (the x direc-
tion) to each other through the plurality of conductive wire
groups (the plurality of first conductive wire groups 30 and
3054; the plurality of first conductive wire groups 30 and 305;
the plurality of second conductive wire groups 35 and 355).
The plurality of conductive wire groups are arranged in
parallel in the second direction (the y direction) intersecting
with the first direction. The plurality of conductive wire
groups each include a plurality of conductive wires (the
plurality of first conductive wires 31a, 315, and 31c; the
plurality of first conductive wires 31a, 315, and 31c; the
plurality of second conductive wires 36a, 365, and 36¢).
[0166] The method of manufacturing power modules 1 to
1d in the present embodiment further includes sealing at
least a part of the first conductive member, at least a part of
the second conductive member, and the plurality of conduc-
tive wire groups with sealing member 60. The plurality of
conductive wire groups each include a first bonded portion
(bonded portion 30m; bonded portion 30m; bonded portion
35m) bonded to the first conductive member and a second
bonded portion (bonded portion 307; bonded portion 30p;
bonded portion 357) bonded to the second conductive mem-
ber.

[0167] In the plan view of the first conductive member, a
maximum gap (maximum gap G,,,,;; maximum gap G,,,.»;
maximum gap G,,,,;) in the second direction (the y direc-
tion) between intermediate portions (the first intermediate
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portions; the second intermediate portions; the third inter-
mediate portions) of the pair of conductive wire groups
adjacent to each other is larger than a first gap (gap G,; gap
G,; gap G,) in the second direction between the first bonded
portions of the pair of conductive wire groups adjacent to
each other. The intermediate portion is located between the
first bonded portion and the second bonded portion. In the
plan view of the first conductive member, a maximum gap
(maximum gap G,,,,,; maximum gap G, »; maximum gap
G,,.x3) 1n the second direction (the y direction) between
intermediate portions of the pair of conductive wire groups
adjacent to each other is larger than a second gap (gap G,;
gap G;; gap Gj) in the second direction between the second
bonded portions of the pair of conductive wire groups
adjacent to each other.

[0168] Therefore, air bubbles that were introduced in
sealing member 60 in providing sealing member 60 and
remain below the plurality of conductive wires readily pass
between the pair of conductive wire groups adjacent to each
other and escape to the outside of sealing member 60.
Lowering in insulating performance of sealing member 60 is
prevented. According to the method of manufacturing power
modules 1 to 1d in the present embodiment, power modules
1 to 1d improved in reliability are obtained.

[0169] According to the method of manufacturing power
modules 1 to 14 in the present embodiment, the number of
conductive wires can be increased and a gap between the
pair of conductive wires adjacent to each other can be made
smaller. Therefore, small power modules 1 to 1d capable of
handling a higher current are obtained. According to the
method of manufacturing power modules 1 to 14 in the
present embodiment, since the step of checking for air
bubbles can be eliminated, power modules 1 to 1d are
obtained at improved production efficiency.

Second Embodiment

[0170] A power module le in a second embodiment will
be described with reference to FIGS. 24 to 32. Power
module 1e in the present embodiment is similar in configu-
ration to power module 1 in the first embodiment and mainly
different in points below.

[0171] As shown in FIGS. 24 to 28, in power module 1e,
in the plan view of first front electrode 21, the plurality of
first conductive wires 31a and 316 are arranged in the
second direction (the y direction). In the plan view of first
front electrode 21, the plurality of first conductive wires 31a
and 315 do not intersect with each other. In the plan view of
first front electrode 21, in a portion of each of the plurality
of first conductive wire groups 30 where maximum gap
G,,.x1 18 defined, the plurality of first conductive wires 31a
and 3156 are closer to each other in the second direction (the
y direction) than in bonded portion 30m and bonded portion
30n.

[0172] First conductive wire 31a may be in contact with or
spaced away from first conductive wire 315 adjacent thereto.
In one example, the top of first conductive wire 31a is
located as high as the top of first conductive wire 315. As
shown in FIGS. 26 and 28, portions of the pair of first
conductive wire groups 30 adjacent to each other where
maximum gap G,,,., is defined are equal to each other in
height (for example, heights of the tops of the pair of first
conductive wire groups 30 adjacent to each other).

[0173] As shown in FIG. 33, portions of the pair of first
conductive wire groups 30 adjacent to each other where
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maximum gap G,,,.; is defined may be different from each
other in height (for example, heights of the tops of the pair
of first conductive wire groups 30 adjacent to each other).
Therefore, the maximum gap between the pair of first
conductive wire groups 30 adjacent to each other becomes
further larger. Air bubbles that were introduced in sealing
member 60 in providing sealing member 60 and remain
below the plurality of first conductive wires 31a and 315
more readily pass between the pair of first conductive wire
groups 30 adjacent to each other and escape to the outside
of sealing member 60.

[0174] As shown in FIGS. 24, 25, 29, and 30, in power
module e, in the plan view of first front electrode 21, the
plurality of first conductive wires 31a and 315 are arranged
in the second direction (the y direction). In the plan view of
first front electrode 21, the plurality of first conductive wires
31a and 315 do not intersect with each other. In the plan
view of first front electrode 21, in the portion of each of the
plurality of first conductive wire groups 30 where maximum
gap G,,,.» 1s defined, the plurality of first conductive wires
31a and 3156 are closer to each other in the second direction
(the y direction) than in bonded portion 30m and bonded
portion 30p.

[0175] First conductive wire 31a may be in contact with or
spaced away from first conductive wire 315 adjacent thereto.
In one example, the top of first conductive wire 31a is
located as high as the top of first conductive wire 315. As
shown in FIG. 30, portions of the pair of first conductive
wire groups 30 adjacent to each other where maximum gap
G,,ux2 15 defined are equal to each other in height (for
example, heights of the tops of the pair of first conductive
wire groups 30 adjacent to each other).

[0176] As shown in FIG. 34, portions of the pair of first
conductive wire groups 30 adjacent to each other where
maximum gap G,,,.. is defined may be different from each
other in height (for example, heights of the tops of the pair
of first conductive wire groups 30 adjacent to each other).
Therefore, the gap between the pair of first conductive wire
groups 30 adjacent to each other becomes further larger. Air
bubbles that were introduced in sealing member 60 in
providing sealing member 60 and remain below the plurality
of first conductive wires 31a and 315 more readily pass
between the pair of first conductive wire groups 30 adjacent
to each other and escape to the outside of sealing member
60.

[0177] As shown in FIGS. 24, 25, 31, and 32, in power
module 1e, in the plan view of first conductive layer 12, the
plurality of second conductive wires 36a and 365 are
arranged in the second direction (the y direction). In the plan
view of first conductive layer 12, the plurality of second
conductive wires 36a and 365 do not intersect with each
other. In the plan view of first conductive layer 12, in a
portion of each of the plurality of second conductive wire
groups 35 where maximum gap G,,,.; is defined, the plu-
rality of second conductive wires 36a and 365 are closer to
each other in the second direction (the y direction) than in
bonded portion 35m and bonded portion 35n.

[0178] Second conductive wire 36a may be in contact with
or spaced away from second conductive wire 365 adjacent
thereto. In one example, the top of second conductive wire
36a is located as high as the top of second conductive wire
36b. As shown in FIG. 32, portions of the pair of second
conductive wire groups 35 adjacent to each other where
maximum gap G,,,.; is defined are equal to each other in
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height (for example, heights of the tops of the pair of second
conductive wire groups 35 adjacent to each other).

[0179] As shown in FIG. 35, portions of the pair of second
conductive wire groups 35 adjacent to each other where
maximum gap G,,,,; 1s defined may be different from each
other in height (for example, heights of the tops of the pair
of'second conductive wire groups 35 adjacent to each other).
Therefore, the gap between the pair of second conductive
wire groups 35 adjacent to each other becomes further
larger. Air bubbles that were introduced in sealing member
60 in providing sealing member 60 and remain below the
plurality of second conductive wires 36a and 365 more
readily pass between the pair of second conductive wire
groups 35 adjacent to each other and escape to the outside
of sealing member 60.

[0180] A method of manufacturing power module 1e in
the second embodiment will be described with reference to
FIGS. 15, 16, 24, 25, and 36 to 38.

[0181] As shown in FIG. 15, the method of manufacturing
power module le in the present embodiment includes
mounting first semiconductor element 20 and second semi-
conductor element 25 on circuit substrate 10 as in the
method of manufacturing power module 1 in the first
embodiment. As shown in FIG. 16, the method of manu-
facturing power module le in the present embodiment
includes attaching circuit substrate 10 to case 50 as in the
method of manufacturing power module 1 in the first
embodiment.

[0182] As shown in FIGS. 36 to 38, the method of
manufacturing power module 1e in the present embodiment
includes electrically connecting first front electrode 21 of
first semiconductor element 20 and first lead terminal 52 to
each other through the plurality of first conductive wire
groups 30. Electrically connecting first front electrode 21 of
first semiconductor element 20 and first lead terminal 52 to
each other through the plurality of first conductive wire
groups 30 includes bringing the plurality of first conductive
wires 31a and 315 closer to each other in the second
direction (the y direction) in the portion of each of the
plurality of first conductive wire groups 30 where maximum
gap G,,,,., is defined than in bonded portion 30 and bonded
portion 30# in the plan view of first front electrode 21.
[0183] In the plan view of first front electrode 21, the
plurality of first conductive wires 31a and 315 are arranged
in the second direction (the y direction). In the plan view of
first front electrode 21, the plurality of first conductive wires
31a and 3154 do not intersect with each other. First conduc-
tive wire 31a may be in contact with or spaced away from
first conductive wire 315 adjacent thereto.

[0184] One example of a step of electrically connecting
first front electrode 21 of first semiconductor element 20 and
first lead terminal 52 to each other through the plurality of
first conductive wire groups 30 will be described. As shown
in FIGS. 36 and 37, the plurality of first conductive wires
31a and 314 are bonded to first front electrode 21 and first
lead terminal 52 with a wire bonder (not shown). In the plan
view of first front electrode 21, the plurality of first con-
ductive wires 31a and 315 are arranged, for example, in
parallel to each other. Then, two first conductive wires 31a
and 315 adjacent to each other are pinched by a jig (not
shown) like tweezers. Two first conductive wires 31a and
315 adjacent to each other are deformed. As shown in FIG.
38, in the plan view of first front electrode 21, in the portion
of each of the plurality of first conductive wire groups 30
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where maximum gap G,,,.; is defined, the plurality of first
conductive wires 31a and 315 are closer to each other in the
second direction (the y direction) than in bonded portion
30m and bonded portion 307.

[0185] Another example of the step of electrically con-
necting first front electrode 21 of first semiconductor ele-
ment 20 and first lead terminal 52 to each other through the
plurality of first conductive wire groups 30 will be
described. By controlling movement of a wire bonder (not
shown), in the plan view of first front electrode 21, the
plurality of first conductive wires 31a and 315 are bonded to
first front electrode 21 and first lead terminal 52 while the
plurality of first conductive wires 31a and 315 are brought
closer to each other in the second direction (the y direction)
in the portion of each of the plurality of first conductive wire
groups 30 where maximum gap G,,,,, is defined than in
bonded portion 30m and bonded portion 30%. This another
example allows manufacturing of power module le in
smaller number of steps than in an example of the step of
electrically connecting first front electrode 21 of first semi-
conductor element 20 and first lead terminal 52 to each other
through the plurality of first conductive wire groups 30.

[0186] As shown in FIGS. 36 to 38, the method of
manufacturing power module 1e in the present embodiment
includes electrically connecting first front electrode 21 of
first semiconductor element 20 and second front electrode
26 of second semiconductor element 25 to each other
through the plurality of first conductive wire groups 30.
Electrically connecting first front electrode 21 of first semi-
conductor element 20 and second front electrode 26 of
second semiconductor element 25 to each other through the
plurality of first conductive wire groups 30 includes bringing
the plurality of first conductive wires 31a and 314 closer to
each other in the second direction (the y direction) in the
portion of each of the plurality of first conductive wire
groups 30 where maximum gap G,,,,, is defined than in
bonded portion 30 and bonded portion 30p in the plan view
of first front electrode 21.

[0187] In the plan view of first front electrode 21, the
plurality of first conductive wires 31a and 315 are arranged
in the second direction (the y direction). In the plan view of
first front electrode 21, the plurality of first conductive wires
31a and 3154 do not intersect with each other. First conduc-
tive wire 31a may be in contact with or spaced away from
first conductive wire 315 adjacent thereto.

[0188] One example of a step of electrically connecting
first front electrode 21 of first semiconductor element 20 and
second front electrode 26 of second semiconductor element
25 to each other through the plurality of first conductive wire
groups 30 will be described. As shown in FIGS. 36 and 37,
the plurality of first conductive wires 31a and 3156 are
bonded to first front electrode 21 and second front electrode
26 with a wire bonder (not shown). In the plan view of first
front electrode 21, the plurality of first conductive wires 31a
and 315 are arranged, for example, in parallel to each other.
Then, two first conductive wires 31a and 316 adjacent to
each other are pinched by a jig (not shown) like tweezers.
Two first conductive wires 31a and 315 adjacent to each
other are deformed. As shown in FIG. 38, in the plan view
of first front electrode 21, in the portion of each of the
plurality of first conductive wire groups 30 where maximum
gap G,,,.» 1s defined, the plurality of first conductive wires
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31a and 315 are closer to each other in the second direction
(the y direction) than in bonded portion 30m and bonded
portion 30p.

[0189] Another example of the step of electrically con-
necting first front electrode 21 of first semiconductor ele-
ment 20 and second front electrode 26 of second semicon-
ductor element 25 to each other through the plurality of first
conductive wire groups 30 will be described. By controlling
movement of a wire bonder (not shown), in the plan view of
first front electrode 21, the plurality of first conductive wires
31a and 315 are bonded to first front electrode 21 and second
front electrode 26 while the plurality of first conductive
wires 31a and 315 are brought closer to each other in the
second direction (the y direction) in the portion of each of
the plurality of first conductive wire groups 30 where
maximum gap G, is defined than in bonded portions 30m
and bonded portion 30p. This another example allows manu-
facturing of power module le in smaller number of steps
than in an example of the step of electrically connecting first
front electrode 21 of first semiconductor element 20 and
second front electrode 26 of second semiconductor element
25 to each other through the plurality of first conductive wire
groups 30.

[0190] As shown in FIGS. 36 to 38, the method of
manufacturing power module 1e in the present embodiment
includes electrically connecting first conductive layer 12 and
second lead terminal 53 to each other through the plurality
of second conductive wire groups 35. Electrically connect-
ing first conductive layer 12 and second lead terminal 53 to
each other through the plurality of second conductive wire
groups 35 includes bringing the plurality of second conduc-
tive wires 36a and 365 closer to each other in the second
direction (the y direction) in the portion of each of the
plurality of second conductive wire groups 35 where maxi-
mum gap G,,,,.; is defined than in bonded portion 35m and
bonded portion 35z in the plan view of first conductive layer
12.

[0191] In the plan view of first conductive layer 12, the
plurality of second conductive wires 36a and 365 are
arranged in the second direction (the y direction). In the plan
view of first front electrode 21, the plurality of second
conductive wires 36a and 365 do not intersect with each
other. Second conductive wire 36a may be in contact with or
spaced away from second conductive wire 365 adjacent
thereto.

[0192] One example of a step of electrically connecting
first conductive layer 12 and second lead terminal 53 to each
other through the plurality of second conductive wire groups
35 will be described. As shown in FIGS. 36 and 37, the
plurality of second conductive wires 36a and 365 are bonded
to first conductive layer 12 and second lead terminal 53 with
a wire bonder (not shown). In the plan view of first con-
ductive layer 12, the plurality of second conductive wires
36a and 3654 are arranged, for example, in parallel to each
other. Then, two second conductive wires 36a and 365
adjacent to each other are pinched by a jig (not shown) like
tweezers. Two second conductive wires 36a and 365 adja-
cent to each other are deformed. As shown in FIG. 38, in the
plan view of first conductive layer 12, in the portion of each
of the plurality of second conductive wire groups 35 where
maximum gap G,,,.; is defined, the plurality of second
conductive wires 36a and 365 are closer to each other in the
second direction (the y direction) than in bonded portion
35m and bonded portion 35n.
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[0193] Another example of the step of electrically con-
necting first conductive layer 12 and second lead terminal 53
to each other through the plurality of second conductive wire
groups 35 will be described. By controlling movement of a
wire bonder (not shown), in the plan view of first conductive
layer 12, the plurality of second conductive wires 36a and
36b are bonded to first conductive layer 12 and second lead
terminal 53 while the plurality of second conductive wires
36a and 365 are brought closer to each other in the second
direction (the y direction) in the portion of each of the
plurality of second conductive wire groups 35 where maxi-
mum gap G,,,,.; i1s defined than in bonded portion 35m and
bonded portion 35z. This another example allows manufac-
turing of power module 1e in smaller number of steps than
in an example of the step of electrically connecting first
conductive layer 12 and second lead terminal 53 to each
other through the plurality of second conductive wire groups
35.

[0194] Then, as in the method of manufacturing power
module 1 in the first embodiment, the method of manufac-
turing power module 1e in the present embodiment includes
sealing first semiconductor element 20, second semiconduc-
tor element 25, a part of first lead terminal 52, a part of
second lead terminal 53, a part of third lead terminal 54, the
plurality of first conductive wire groups 30, the plurality of
second conductive wire groups 35, and the plurality of third
conductive wires 44 with sealing member 60. As in the
method of manufacturing power module 1 in the first
embodiment, in the method of manufacturing power module
le in the present embodiment, air bubbles that were intro-
duced in sealing member 60 in providing sealing member 60
and remain below the plurality of first conductive wires 31a
and 315 readily pass between the pair of first conductive
wire groups 30 adjacent to each other and escape to the
outside of sealing member 60. Air bubbles that were intro-
duced in sealing member 60 in providing sealing member 60
and remain below the plurality of second conductive wires
36a and 36b readily pass between the pair of second
conductive wire groups 35 adjacent to each other and escape
to the outside of sealing member 60. Lowering in insulating
performance of sealing member 60 is prevented. Power
module 1e improved in reliability is obtained.

[0195] As in a power module 1f shown in FIG. 39, the
plurality of first conductive wire groups 30 may each include
three or more first conductive wires 31a, 315, and 31c. The
plurality of second conductive wire groups 35 may each
include three or more second conductive wires 36a, 365, and
36c.

[0196] Power modules 1e and 1fin the present embodi-
ment achieve effects below similarly to power module 1 in
the first embodiment.

[0197] In power modules 1e and 1fin the present embodi-
ment, in the plan view of the first conductive member (first
front electrode 21; first front electrode 21; first conductive
layer 12), a plurality of conductive wires (the plurality of
first conductive wires 31a, 315, and 31¢; the plurality of first
conductive wires 31a, 315, and 31c; the plurality of second
conductive wires 36a, 365, and 36¢) are arranged in the
second direction (the y direction). In the plan view of the
first conductive member, in a portion of each of the plurality
of conductive wire groups (the plurality of first conductive
wire groups 30; the plurality of first conductive wire groups
30; the plurality of second conductive wire groups 35) where
a maximum gap (maximum gap G maximum gap

maxl1s
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G0 Maximum gap G,,,.5) 1s defined, the plurality of
conductive wires are closer to each other in the second
direction (the y direction) than in a first bonded portion
(bonded portion 30m; bonded portion 30m; bonded portion
35m) and a second bonded portion (bonded portion 307;
bonded portion 30p; bonded portion 35#).

[0198] Therefore, air bubbles that were introduced in
sealing member 60 in providing sealing member 60 and
remain below the plurality of conductive wires readily pass
between the pair of conductive wire groups adjacent to each
other and escape to the outside of sealing member 60.
Lowering in insulating performance of sealing member 60 is
prevented. Power modules 1e and 1f are improved in reli-
ability.

[0199] In power modules 1e and 1fin the present embodi-
ment, the number of conductive wires can be increased and
a gap between the pair of conductive wires adjacent to each
other can be made smaller. Therefore, power modules 1e and
1f'can handle a higher current while they are small in size.
Furthermore, since power modules 1e and 1f'in the present
embodiment each include a structure that can allow elimi-
nation of the step of checking for air bubbles, they can
achieve improved production efficiency.

[0200] In the method of manufacturing power modules 1le
and 1f in the present embodiment, electrically connecting
the first conductive member (first front electrode 21; first
front electrode 21; first conductive layer 12) and the second
conductive member (first lead terminal 52; second front
electrode 26; second lead terminal 53) to each other through
the plurality of conductive wire groups (the plurality of first
conductive wire groups 30; the plurality of first conductive
wire groups 30; the plurality of second conductive wire
groups 35) includes bringing the plurality of conductive
wires (the plurality of first conductive wires 31a, 315, and
31c; the plurality of first conductive wires 31a, 315, and 31c¢;
the plurality of second conductive wires 36a, 365, and 36¢)
closer to each other in the second direction (the y direction)
in a portion of each of the plurality of conductive wire
groups where a maximum gap (maximum gap G,,,,.,.;; maxi-
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mum gap G,,,.»; maximum gap G,,,.;) is defined than in a
first bonded portion (bonded portion 30m; bonded portion
30m; bonded portion 35m) and a second bonded portion
(bonded portion 307; bonded portion 30p; bonded portion
35n) in the plan view of the first conductive member. In the
plan view of the first conductive member, the plurality of
conductive wires are arranged in the second direction (the y
direction).

[0201] Therefore, air bubbles that were introduced in
sealing member 60 in providing sealing member 60 and
remain below the plurality of conductive wires readily pass
between the pair of conductive wire groups adjacent to each
other and escape to the outside of sealing member 60.
Lowering in insulating performance of sealing member 60 is
prevented. According to the method of manufacturing power
modules le and 1f'in the present embodiment, power mod-
ules 1e and 1f improved in reliability are obtained.

[0202] According to the method of manufacturing power
modules 1e and 1fin the present embodiment, the number of
conductive wires can be increased and a gap between the
pair of conductive wires adjacent to each other can be made
smaller. Therefore, small power modules 1e and 1f capable
of handling a higher current are obtained. Furthermore,
according to the method of manufacturing power modules
1e and 1fin the present embodiment, the step of checking for
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air bubbles can be eliminated and hence power modules 1e
and 1f are obtained at improved production efficiency.

Third Embodiment

[0203] A power module 1g in a third embodiment will be
described with reference to FIGS. 40 to 42. Power module
1g in the present embodiment is similar in configuration to
power module le in the second embodiment and mainly
different in points below.

[0204] The plurality of first conductive wires 31a and 315
are different from each other in length between bonded
portion 30m and bonded portion 307. In the plan view of first
front electrode 21, the plurality of first conductive wires 31a
and 315 overlap each other in a portion of each of the
plurality of first conductive wire groups 30 where a maxi-
mum gap is defined, between bonded portion 30m and
bonded portion 30r. First conductive wire 31a and first
conductive wire 315 intersect with each other at the top of
first conductive wire 31a and the top of first conductive wire
315

[0205] The plurality of first conductive wires 31a and 315
are different from each other in length between bonded
portion 30m and bonded portion 30p. In the plan view of first
front electrode 21, the plurality of first conductive wires 31a
and 315 overlap each other in a portion of each of the
plurality of first conductive wire groups 30 where a maxi-
mum gap is defined, between bonded portion 30m and
bonded portion 30p. First conductive wire 31a and first
conductive wire 315 intersect with each other at the top of
first conductive wire 31a and the top of first conductive wire
315

[0206] The plurality of second conductive wires 36a and
36b are different from each other in length between bonded
portion 35m and bonded portion 35z. In the plan view of first
conductive layer 12, the plurality of second conductive
wires 36a and 365 overlap each other in a portion of each of
the plurality of second conductive wire groups 35 where a
maximum gap is defined, between bonded portion 35m and
bonded portion 35x. Second conductive wire 36a and sec-
ond conductive wire 365 intersect with each other at the top
of second conductive wire 36a and the top of second
conductive wire 3654.

[0207] The method of manufacturing power module 1g in
the third embodiment includes a step as in the method of
manufacturing power module 1e in the second embodiment
and different in points below. In the method of manufactur-
ing power module 1g in the present embodiment, in the plan
view of first front electrode 21, the plurality of first con-
ductive wires 31a and 315 are brought closer to each other
in the second direction (the y direction) until the plurality of
first conductive wires 31a and 315 overlap each other in the
portion of each of the plurality of first conductive wire
groups 30 where the maximum gap is defined, between
bonded portion 30m and bonded portion 30z.

[0208] In the plan view of first front electrode 21, the
plurality of first conductive wires 31a and 315 are brought
closer to each other in the second direction (the y direction)
until the plurality of first conductive wires 31a and 315
overlap each other in the portion of each of the plurality of
first conductive wire groups 30 where the maximum gap is
defined, between bonded portion 30m and bonded portion
30p. In the plan view of first conductive layer 12, the
plurality of second conductive wires 36a and 365 are
brought closer to each other in the second direction (the y
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direction) until the plurality of second conductive wires 36a
and 364 overlap each other in the portion of each of the
plurality of second conductive wire groups 35 where the
maximum gap is defined, between bonded portion 35m and
bonded portion 357.

[0209] Though a power module 1/ shown in FIG. 43 is
similar in configuration to power module 1g, the plurality of
first conductive wire groups 30 may each include three or
more first conductive wires 31a, 315, and 31c¢. The plurality
of second conductive wire groups 35 may each include three
or more second conductive wires 36a, 365, and 36¢.
[0210] Power modules 1g and 1% in the present embodi-
ment achieve effects below similarly to power modules 1d
and 1le in the second embodiment.

[0211] In power modules 1g and 1% in the present embodi-
ment, a plurality of conductive wires (the plurality of first
conductive wires 31a, 315, and 31c; the plurality of first
conductive wires 31a, 315, and 31c¢; the plurality of second
conductive wires 36a, 365, and 36¢) are different from each
other in length. In the plan view of the first conductive
member (first front electrode 21; first front electrode 21; first
conductive layer 12), the plurality of conductive wires do
not intersect with each other. In the plan view of the first
conductive member, in a portion of each of the plurality of
conductive wire groups (the plurality of first conductive wire
groups 30; the plurality of first conductive wire groups 30;
the plurality of second conductive wire groups 35), the
plurality of conductive wires overlap each other.

[0212] Therefore, the maximum gap between the plurality
of conductive wires is further larger in the plan view of the
first conductive member. Air bubbles that were introduced in
sealing member 60 in providing sealing member 60 and
remain below the plurality of conductive wires readily pass
between the pair of conductive wire groups adjacent to each
other and escape to the outside of sealing member 60.
Lowering in insulating performance of sealing member 60 is
prevented. Power modules 1g and 1/ are improved in
reliability. The number of conductive wires can be increased
and the gap between the pair of conductive wires adjacent to
each other can further be made smaller. Therefore, power
modules 1g and 1/ can handle a higher current while they
are small in size. Furthermore, since power modules 1g and
1/ each include a structure that can allow elimination of the
step of checking for air bubbles, they can achieve improved
production efficiency.

Fourth Embodiment

[0213] A power module 1/ in a fourth embodiment will be
described with reference to FIGS. 44 to 48. Power module
1/ in the present embodiment is similar in configuration to
power module 1 in the first embodiment and mainly different
in including a first conductive wire group 80 and a second
conductive wire group 85 instead of a plurality of first
conductive wire groups 30 and a plurality of second con-
ductive wire groups 35 (see FIGS. 1 to 3).

[0214] As shown in FIGS. 44 to 48, power module 1/
further includes first conductive wire group 80, second
conductive wire group 85, and the plurality of third con-
ductive wires 44.

[0215] First conductive wire group 80 extends mainly
along the first direction (the x direction). First conductive
wire group 80 is constituted of a first conductive wire 81 and
a second conductive wire 82 alternately arranged in the
second direction (the y direction). In the plan view of first
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front electrode 21 (the plan view of second front electrode
26), first conductive wire 81 extends mainly along the first
direction (the x direction). In the plan view of first front
electrode 21, second conductive wire 82 extends mainly
along the first direction (the x direction). The plan view of
first front electrode 21 (the plan view of second front
electrode 26) herein refers to a second plan view in the third
direction (the z direction) perpendicular to the first direction
and the second direction. In the plan view of first front
electrode 21 (the second plan view in the third direction (the
z direction)), first conductive wire 81 does not intersect with
second conductive wire 82. For example, first conductive
wire 81 has a diameter not smaller than 100 pm and not
larger than 500 um and second conductive wire 82 has a
diameter not smaller than 100 um and not larger than 500
pm.

[0216] Second conductive wire group 85 extends mainly
along the first direction (the x direction). Second conductive
wire group 85 is constituted of a first conductive wire 86 and
a second conductive wire 87 alternately arranged in the
second direction (the y direction). In the plan view of first
conductive layer 12 (the plan view of second lead terminal
53 and the second plan view in the third direction (the z
direction)), first conductive wire 86 extends mainly along
the first direction (the x direction). In the plan view of first
conductive layer 12 (the second plan view in the third
direction (the z direction)), second conductive wire 87
extends mainly along the first direction (the x direction). In
the plan view of first conductive layer 12, first conductive
wire 86 does not intersect with second conductive wire 87.
For example, first conductive wire 86 has a diameter not
smaller than 100 um and not larger than 500 um and second
conductive wire 87 has a diameter not smaller than 100 um
and not larger than 500 um.

[0217] The plurality of third conductive wires 44 extend
mainly along the first direction (the x direction). For
example, the plurality of third conductive wires 44 each
have a diameter of 0.15 mm. Third front electrode 27 of
second semiconductor element 25 and third lead terminal 54
are electrically connected to each other through the plurality
of third conductive wires 44.

[0218] First conductive wire group 80 (first conductive
wire 81 and second conductive wire 82), second conductive
wire group 85 (first conductive wire 86 and second conduc-
tive wire 87), and the plurality of third conductive wires 44
are, for example, aluminum wires, copper wires, copper
wires coated with aluminum, or gold wires.

[0219] As shown in FIGS. 44, 45, 47, and 48, first front
electrode 21 of first semiconductor element 20 and second
front electrode 26 of second semiconductor element 25 are
electrically connected to each other through first conductive
wire group 80. Second front electrode 26 is spaced away
from first front electrode 21 in the first direction (the x
direction). First conductive wire group 80 includes a bonded
portion 80m bonded to first front electrode 21 of first
semiconductor element 20 and a bonded portion 80p bonded
to second front electrode 26 of second semiconductor ele-
ment 25.

[0220] In the second plan view in the third direction (the
z direction), first conductive wire 81 and second conductive
wire 82 adjacent to each other are spaced away from each
other by at least a minimum gap g, between bonded portion
80m and bonded portion 80p. In bonded portion 80m, first
conductive wire 81 and second conductive wire 82 may be
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arranged at a pitch p in the second direction (the y direction).
In bonded portion 80p, first conductive wire 81 and second
conductive wire 82 may be arranged at pitch p in the second
direction (the y direction). Therefore, more first conductive
wires 81 and second conductive wires 82 can be bonded to
first front electrode 21 and second front electrode 26 while
the gap between first conductive wire 81 and second con-
ductive wire 82 adjacent to each other is widened as much
as possible. Pitch p in bonded portion 80m may be equal to
or different from pitch p in bonded portion 80p.

[0221] Pitch p is, for example, at most 4.0 times as large
as the diameter of each of first conductive wire 81 and
second conductive wire 82. Therefore, the number of first
conductive wires 81 and second conductive wires 82 can be
increased and a higher current can flow between first front
electrode 21 of first semiconductor element 20 and second
front electrode 26 of second semiconductor element 25
through first conductive wire group 80. Pitch p is, for
example, at least 1.5 time as large as the diameter of each of
first conductive wire 81 and second conductive wire 82.
[0222] As shown in FIGS. 44 and 45, first lead terminal 52
and first front electrode 21 of first semiconductor element 20
are electrically connected to each other through first con-
ductive wire group 80. First front electrode 21 is spaced
away from first lead terminal 52 in the first direction (the x
direction). First conductive wire group 80 includes bonded
portion 80z bonded to first lead terminal 52 and bonded
portion 80m bonded to first front electrode 21 of first
semiconductor element 20.

[0223] In the second plan view in the third direction (the
z direction), first conductive wire 81 and second conductive
wire 82 adjacent to each other are spaced away from each
other by at least the minimum gap, between bonded portion
807 and bonded portion 80m. In bonded portion 80z, first
conductive wire 81 and second conductive wire 82 may be
arranged at pitch p in the second direction (the y direction).
In bonded portion 80m, first conductive wire 81 and second
conductive wire 82 may be arranged at pitch p in the second
direction (the y direction). Therefore, more first conductive
wires 81 and second conductive wires 82 can be bonded to
first lead terminal 52 and first front electrode 21 while the
gap between first conductive wire 81 and second conductive
wire 82 adjacent to each other is widened as much as
possible. Pitch p in bonded portion 80z may be equal to or
different from pitch p in bonded portion 80m.

[0224] The minimum gap between first conductive wire 81
and second conductive wire 82, between bonded portion 80
and bonded portion 80m, may be equal to or different from
minimum gap g between first conductive wire 81 and second
conductive wire 82, between bonded portion 80m and
bonded portion 80p.

[0225] Pitch p is, for example, at most 4.0 times as large
as the diameter of each of first conductive wire 81 and
second conductive wire 82. Therefore, the number of first
conductive wires 81 and second conductive wires 82 can be
increased and a higher current can flow between first lead
terminal 52 and first front electrode 21 of first semiconduc-
tor element 20 through first conductive wire group 80. Pitch
p is, for example, at least 1.5 time as large as the diameter
of each of first conductive wire 81 and second conductive
wire 82.

[0226] As shown in FIGS. 44 and 45, second lead terminal
53 and first conductive layer 12 are electrically connected to
each other through second conductive wire group 85. First

Jul. 15, 2021

conductive layer 12 is spaced away from second lead
terminal 53 in the first direction (the x direction). Second
conductive wire group 85 includes bonded portion 85
bonded to second lead terminal 53 and bonded portion 85m
bonded to first conductive layer 12.

[0227] In the second plan view in the third direction (the
7z direction), first conductive wire 86 and second conductive
wire 87 adjacent to each other are spaced away from each
other by at least the minimum gap, between bonded portion
85r and bonded portion 85m. In bonded portion 85#, first
conductive wire 86 and second conductive wire 87 may be
arranged at pitch p in the second direction (the y direction).
In bonded portion 85m, first conductive wire 86 and second
conductive wire 87 may be arranged at pitch p in the second
direction (the y direction). Therefore, more first conductive
wires 86 and second conductive wires 87 can be bonded to
second lead terminal 53 and first conductive layer 12 while
the gap between first conductive wire 86 and second con-
ductive wire 87 adjacent to each other is widened as much
as possible. Pitch p in bonded portion 857 may be equal to
or different from pitch p in bonded portion 85m.

[0228] The minimum gap between first conductive wire 86
and second conductive wire 87, between bonded portion 857
and bonded portion 85m may be equal to or different from
minimum gap g between first conductive wire 81 and second
conductive wire 82, between bonded portion 80m and
bonded portion 80p. The minimum gap between first con-
ductive wire 86 and second conductive wire 87, between
bonded portion 857 and bonded portion 85m, may be equal
to or different from the minimum gap between first conduc-
tive wire 81 and second conductive wire 82, between bonded
portion 807 and bonded portion 80m.

[0229] Pitch p is, for example, at most 4.0 times as large
as the diameter of each of first conductive wire 86 and
second conductive wire 87. Therefore, the number of first
conductive wires 86 and second conductive wires 87 can be
increased and a higher current can flow between first con-
ductive layer 12 and second lead terminal 53 through second
conductive wire group 85. Pitch p is, for example, at least
1.5 time as large as the diameter of each of first conductive
wire 86 and second conductive wire 87.

[0230] As shown in FIGS. 45 and 48, in the first plan view
in the second direction (the y direction), a first height h, of
a first top 81v of first conductive wire 81 from a first line 71
that connects bonded portion 80 and bonded portion 80p to
each other is larger than a second height h, of a first portion
82u of second conductive wire 82 from first line 71. First top
81v of first conductive wire 81 is a portion of first conductive
wire 81 most distant from first line 71. First portion 82u of
second conductive wire 82 is a portion of second conductive
wire 82 on a second line 72 that passes through first top 81v
and is perpendicular to first line 71 in the first plan view in
the second direction (the y direction). A difference Ah,
between first height h; and second height h, is at least 2.0
times and at most 5.0 times as large as the diameter of each
of first conductive wire 81 and second conductive wire 82.
Difference Ah, is at least six times and at most sixty times
as large as a maximum diameter of a filler.

[0231] In the present embodiment, in the first plan view in
the second direction (the y direction), a third height h; of a
second top 82v from first line 71 is smaller than first height
h,. Second top 82v of second conductive wire 82 is a portion
of second conductive wire 82 most distant from first line 71.
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First portion 82u of second conductive wire 82 is second top
82v of second conductive wire 82 with respect to first line
71.

[0232] In bonded portion 80m and bonded portion 80p,
first conductive wire 81 stands up from first line 71 more
steeply than second conductive wire 82. In the first plan
view in the second direction (the y direction), a first inter-
mediate portion of first conductive wire 81 is generally more
distant from first line 71 than a second intermediate portion
of second conductive wire 82. In the first plan view in the
second direction (the y direction), the first intermediate
portion of first conductive wire 81 is generally higher than
the second intermediate portion of second conductive wire
82. In the first plan view in the second direction (the y
direction), the first intermediate portion of first conductive
wire 81 does not intersect with the second intermediate
portion of second conductive wire 82. The first intermediate
portion is a portion of first conductive wire 81 between
bonded portion 80m and bonded portion 80p. The second
intermediate portion is a portion of second conductive wire
82 between bonded portion 80m and bonded portion 80p.
[0233] First conductive wire 81 is longer than second
conductive wire 82 between bonded portion 80m and
bonded portion 80p. In a direction along first line 71, first top
81v of first conductive wire 81 is located at a position the
same as second top 82v of second conductive wire 82. In a
modification of the present embodiment, in the first plan
view in the second direction (the y direction), first top 81v
of first conductive wire 81 may be displaced from second top
82v of second conductive wire 82 in the direction along first
line 71.

[0234] As shown in FIG. 45, in the first plan view in the
second direction (the y direction), a first height h, of a first
top 81z of first conductive wire 81 from a first line 73 that
connects bonded portion 80z and bonded portion 80m to
each other is larger than a second height h, of a first portion
825 of second conductive wire 82 from first line 73. First top
81¢ of first conductive wire 81 is a portion of first conductive
wire 81 most distant from first line 73. First portion 82s of
second conductive wire 82 is a portion of second conductive
wire 82 on a second line 74 that passes through first top 81¢
and is perpendicular to first line 73 in the first plan view in
the second direction (the y direction). A difference Ah,
between first height h, and second height hs is at least 2.0
times and at most 5.0 times as large as the diameter of each
of first conductive wire 81 and second conductive wire 82.
Difference Ah, is at least six times and at most sixty times
as large as the maximum diameter of the filler.

[0235] In the present embodiment, in the first plan view in
the second direction (the y direction), a third height h, of a
second top 827 from first line 73 is smaller than first height
h,. Second top 82¢ of second conductive wire 82 is a portion
of second conductive wire 82 most distant from first line 73.
First portion 82s of second conductive wire 82 is second top
82¢ of second conductive wire 82 with respect to first line 73.
[0236] In bonded portion 807z and bonded portion 80,
first conductive wire 81 stands up from first line 73 more
steeply than second conductive wire 82. In the first plan
view in the second direction (the y direction), a third
intermediate portion of first conductive wire 81 is generally
more distant from first line 73 than a fourth intermediate
portion of second conductive wire 82. In the first plan view
in the second direction (the y direction), the third interme-
diate portion of first conductive wire 81 is generally higher
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than the fourth intermediate portion of second conductive
wire 82. In the first plan view in the second direction (the y
direction), the third intermediate portion of first conductive
wire 81 does not intersect with the fourth intermediate
portion of second conductive wire 82. The third intermediate
portion is a portion of first conductive wire 81 between
bonded portion 807z and bonded portion 80m. The fourth
intermediate portion is a portion of second conductive wire
82 between bonded portion 807 and bonded portion 80m.
[0237] First conductive wire 81 is longer than second
conductive wire 82 between bonded portion 807 and bonded
portion 80m. In a direction along first line 73, first top 817 of
first conductive wire 81 is located at a position the same as
second top 827 of second conductive wire 82. In a modifi-
cation of the present embodiment, in the first plan view in
the second direction (the y direction), first top 817 of first
conductive wire 81 may be displaced from second top 827 of
second conductive wire 82 in the direction along first line
73.

[0238] Second conductive wire group 85 may be similar in
configuration to first conductive wire group 80 that connects
first lead terminal 52 and first front electrode 21 of first
semiconductor element 20 to each other.

[0239] A function of first conductive wire group 80 that
connects first front electrode 21 of first semiconductor
element 20 and second front electrode 26 of second semi-
conductor element 25 to each other will be described with
reference to FIGS. 45, 47, and 48. Difference Ah, between
first height h, and second height h, is larger than minimum
gap g between first conductive wire 81 and second conduc-
tive wire 82 adjacent to each other, between the first bonded
portion and the second bonded portion in the second plan
view in the third direction (the z direction). Therefore, a gap
G between first conductive wire 81 and second conductive
wire 82 is widened. First conductive wire 81 and second
conductive wire 82 are alternately arranged in the second
direction (the y direction). Gap G between first conductive
wire 81 and second conductive wire 82 can efficiently be
widened without increasing minimum gap g. Air bubbles
that were introduced in sealing member 60 in providing
sealing member 60 and remain below first conductive wire
81 and second conductive wire 82 readily pass through gap
G between first conductive wire 81 and second conductive
wire 82 adjacent to each other and escape to the outside of
sealing member 60. Gap G is, for example, not smaller than
1.05 mm. Gap G may be not smaller than 1.10 mm or 1.20
mm.

[0240] In contrast, in a power module in a comparative
example shown in FIGS. 49 and 50, first top 81v of first
conductive wire 81 and second top 82v of second conductive
wire 82 are located at the same height and at the same
position in the first direction (the x direction). In the power
module in the comparative example, a gap between first
conductive wire 81 and second conductive wire 82 adjacent
to each other is narrower than in power module 1i in the
present embodiment. Therefore, air bubbles that were intro-
duced in sealing member 60 in providing sealing member 60
may remain in sealing member 60 below first conductive
wire 81 and second conductive wire 82. Such air bubbles
lower insulating performance of sealing member 60 and
reliability of power module 1i.

[0241] First conductive wire group 80 that connects first
lead terminal 52 and first front electrode 21 of first semi-
conductor element 20 to each other is also similar in function
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to first conductive wire group 80 that connects first front
electrode 21 of first semiconductor element 20 and second
front electrode 26 of second semiconductor element 25 to
each other. Second conductive wire group 85 may also be
similar in function to first conductive wire group 80 that
connects first lead terminal 52 and first front electrode 21 of
first semiconductor element 20 to each other.

[0242] A method of manufacturing power module 1/ in the
fourth embodiment will be described with reference to
FIGS. 44 to 46 and 51 to 54.

[0243] As shown in FIG. 51, the method of manufacturing
power module 1/ in the present embodiment includes mount-
ing first semiconductor element 20 and second semiconduc-
tor element 25 on circuit substrate 10. Specifically, first
conductive layer 12 is bonded to the first main surface of
insulating substrate 11 and second conductive layer 13 is
bonded to the second main surface of insulating substrate 11.
Circuit substrate 10 is thus prepared. Then, first semicon-
ductor element 20 and second semiconductor element 25 are
mounted on circuit substrate 10 by means of first conductive
joint member 23 and second conductive joint member 28.
For example, when first conductive joint member 23 and
second conductive joint member 28 are solder, first semi-
conductor element 20 and second semiconductor element 25
are soldered to first conductive layer 12 of circuit substrate
10 by reflow soldering.

[0244] As shown in FIG. 52, the method of manufacturing
power module 17 in the present embodiment includes attach-
ing circuit substrate 10 to case 50. For example, circuit
substrate 10 is joined to case 50 with joint member 51 such
as a silicone resin adhesive.

[0245] As shown in FIGS. 53 and 54, the method of
manufacturing power module 1/ in the present embodiment
includes electrically connecting first front electrode 21 of
first semiconductor element 20 and second front electrode
26 of second semiconductor element 25 to each other
through first conductive wire group 80. Second front elec-
trode 26 is spaced away from first front electrode 21 in the
first direction (the x direction). First conductive wire group
80 is constituted of first conductive wire 81 and second
conductive wire 82 alternately arranged in the second direc-
tion (the y direction) intersecting with the first direction (the
x direction). First conductive wire group 80 includes bonded
portion 80m bonded to first front electrode 21 of first
semiconductor element 20 and bonded portion 80p bonded
to second front electrode 26. Specifically, first conductive
wire 81 and second conductive wire 82 are bonded to first
front electrode 21 in bonded portion 80m and bonded to
second front electrode 26 in bonded portion 80p with a wire
bonder (not shown).

[0246] Difference Ah, between first height h; and second
height h, is larger than minimum gap g between first
conductive wire 81 and second conductive wire 82 adjacent
to each other, between bonded portion 80m and bonded
portion 80p in the second plan view in the third direction
(the z direction). First height h, refers to the first height of
first top 81v of first conductive wire 81 from first line 71 that
connects bonded portion 80m and bonded portion 80p to
each other in the first plan view in the second direction (the
y direction). Second height h, refers to a height of first
portion 82« of second conductive wire 82 from first line 71
in the first plan view in the second direction (the y direction).
First portion 82u is the portion of second conductive wire 82
on second line 72 that passes through first top 81v and is
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perpendicular to first line 71 in the first plan view in the
second direction (the y direction).

[0247] In the first plan view in the second direction (the y
direction), first height h, of first top 81v of first conductive
wire 81 from first line 71 is larger than second height h, of
first portion 82« of second conductive wire 82 from first line
71. Difference Ah, between first height h; and second height
h, is at least 2.0 times and at most 5.0 times as large as the
diameter of each of first conductive wire 81 and second
conductive wire 82. Difference Ah, is at least six times and
at most sixty times as large as the maximum diameter of the
filler.

[0248] In the first plan view in the second direction (the y
direction), third height h; of second top 82v from first line 71
is smaller than first height h,. First portion 82« of second
conductive wire 82 is second top 82v of second conductive
wire 82 with respect to first line 71.

[0249] In bonded portion 80m and bonded portion 80p,
first conductive wire 81 stands up from first line 71 more
steeply than second conductive wire 82. In the first plan
view in the second direction (the y direction), the first
intermediate portion of first conductive wire 81 is generally
more distant from first line 71 than the second intermediate
portion of second conductive wire 82. In the first plan view
in the second direction (the y direction), the first interme-
diate portion of first conductive wire 81 is generally higher
than the second intermediate portion of second conductive
wire 82. In the first plan view in the second direction (the y
direction), the first intermediate portion of first conductive
wire 81 does not intersect with the second intermediate
portion of second conductive wire 82. The first intermediate
portion is the portion of first conductive wire 81 between
bonded portion 80m and bonded portion 80p. The second
intermediate portion is the portion of second conductive
wire 82 between bonded portion 80m and bonded portion
80p.

[0250] First conductive wire 81 is longer than second
conductive wire 82 between bonded portion 80m and
bonded portion 80p. In the direction along first line 71, first
top 81v of first conductive wire 81 is located at a position the
same as second top 82v of second conductive wire 82. In a
modification of the present embodiment, in the first plan
view in the second direction (the y direction), first top 81v
of first conductive wire 81 may be displaced from second top
82v of second conductive wire 82 in the direction along first
line 71.

[0251] As shown in FIGS. 53 and 54, a method of manu-
facturing power module 1/ in the present embodiment
includes electrically connecting first lead terminal 52 and
first front electrode 21 of first semiconductor element 20 to
each other through first conductive wire group 80. First front
electrode 21 is spaced away from first lead terminal 52 in the
first direction (the x direction). First conductive wire group
80 is constituted of first conductive wire 81 and second
conductive wire 82 alternately arranged in the second direc-
tion (the y direction) intersecting with the first direction (the
x direction). First conductive wire group 80 includes bonded
portion 807 bonded to first lead terminal 52 and bonded
portion 80m bonded to first front electrode 21 of first
semiconductor element 20. Specifically, first conductive
wire 81 and second conductive wire 82 are bonded to first
lead terminal 52 in bonded portion 80 and bonded to first
front electrode 21 in bonded portion 80m with a wire bonder
(not shown).
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[0252] Difference Ah, between first height h, and second
height hg is larger than the minimum gap between first
conductive wire 81 and second conductive wire 82 adjacent
to each other, between bonded portion 80» and bonded
portion 80m in the second plan view in the third direction
(the z direction). First height h, refers to a height of first top
81¢ of first conductive wire 81 from first line 73 that
connects bonded portion 80z and bonded portion 80m to
each other in the first plan view in the second direction (the
y direction). Second height hs refers to a height of first
portion 82s of second conductive wire 82 from first line 73
in the first plan view in the second direction (the y direction).
First portion 82s is a portion of second conductive wire 82
on second line 74 that passes through first top 817 and is
perpendicular to first line 73 in the first plan view in the
second direction (the y direction).

[0253] In the first plan view in the second direction (the y
direction), first height h, of first top 81¢ of first conductive
wire 81 from first line 73 is larger than second height hs of
first portion 82s of second conductive wire 82 from first line
73. Difference Ah, between first height h, and second height
hy is at least 2.0 times and at most 5.0 times as large as the
diameter of each of first conductive wire 81 and second
conductive wire 82. Difference Ah, is at least six times and
at most sixty times as large as the maximum diameter of the
filler.

[0254] In the first plan view in the second direction (the y
direction), third height h of second top 82¢ from first line 73
is smaller than first height h,. First portion 82s of second
conductive wire 82 is second top 827 of second conductive
wire 82 with respect to first line 73.

[0255] In bonded portion 807z and bonded portion 80m,
first conductive wire 81 stands up from first line 73 more
steeply than second conductive wire 82. In the first plan
view in the second direction (the y direction), the third
intermediate portion of first conductive wire 81 is generally
more distant from first line 73 than the fourth intermediate
portion of second conductive wire 82. In the first plan view
in the second direction (the y direction), the third interme-
diate portion of first conductive wire 81 is generally higher
than the fourth intermediate portion of second conductive
wire 82. In the first plan view in the second direction (the y
direction), the third intermediate portion of first conductive
wire 81 does not intersect with the fourth intermediate
portion of second conductive wire 82. The third intermediate
portion is a portion of first conductive wire 81 between
bonded portion 80z and bonded portion 80m. The fourth
intermediate portion is a portion of second conductive wire
82 between bonded portion 807 and bonded portion 80m.
[0256] First conductive wire 81 is longer than second
conductive wire 82 between bonded portion 807 and bonded
portion 80m. In the direction along first line 73, first top 81¢
of first conductive wire 81 is located at a position the same
as second top 82¢ of second conductive wire 82. In a
modification of the present embodiment, in the first plan
view in the second direction (the y direction), first top 817 of
first conductive wire 81 may be displaced from second top
82¢ of second conductive wire 82 in the direction along first
line 73.

[0257] As shown in FIGS. 53 and 54, the method of
manufacturing power module 1/ in the present embodiment
includes electrically connecting second lead terminal 53 and
first conductive layer 12 to each other through second
conductive wire group 85. First conductive layer 12 is
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spaced away from second lead terminal 53 in the first
direction (the x direction). Second conductive wire group 85
is constituted of first conductive wire 86 and second con-
ductive wire 87 alternately arranged in the second direction
(the y direction) intersecting with the first direction (the x
direction). Second conductive wire group 85 includes
bonded portion 85z bonded to second lead terminal 53 and
bonded portion 85m bonded to first conductive layer 12.
Specifically, first conductive wire 86 and second conductive
wire 87 are bonded to second lead terminal 53 in bonded
portion 857 and bonded to first conductive layer 12 in
bonded portion 85m with a wire bonder (not shown). Second
conductive wire group 85 may be similar in configuration to
first conductive wire group 80 that connects first lead
terminal 52 and first front electrode 21 of first semiconduc-
tor element 20 to each other.

[0258] As shown in FIGS. 53 and 54, the method of
manufacturing power module 1/ in the present embodiment
includes electrically connecting third front electrode 27 of
second semiconductor element 25 and third lead terminal 54
to each other through the plurality of third conductive wires
44. Specifically, the plurality of third conductive wires 44
are bonded to third front electrode 27 of second semicon-
ductor element 25 and third lead terminal 54 with a wire
bonder (not shown). A step of bonding the plurality of first
conductive wire groups 80, the plurality of second conduc-
tive wire groups 85, and the plurality of third conductive
wires 44 may be performed before the step of attaching
circuit substrate 10 to case 50.

[0259] The method of manufacturing power module 1i in
the present embodiment includes sealing first semiconductor
element 20, second semiconductor element 25, a part of first
lead terminal 52, a part of second lead terminal 53, a part of
third lead terminal 54, first conductive wire group 80,
second conductive wire group 85, and the plurality of third
conductive wires 44 with sealing member 60. Power module
17 shown in FIGS. 44 to 46 is thus obtained.

[0260] Ina first example of the step of sealing with sealing
member 60, for example, a sealing material is held in a
pressure-reduced atmosphere at 500 Pa and defoamed. An
insulating resin that can directly be potted such as an epoxy
resin or a silicone resin is adopted as the sealing material.
The sealing material is supplied into case 50 by direct
potting. The insulating resin that can directly be potted has
a viscosity, for example, not lower than 5 Pa-S. The insu-
lating resin that can directly be potted has a viscosity, for
example, not lower than 7 Pa-S. The insulating resin that can
directly be potted has a viscosity, for example, not lower
than 10 Pa‘S. The insulating resin that can directly be potted
has a viscosity, for example, not higher than 30 Pa-S. As a
viscosity of the sealing material is higher, air bubbles are
more likely to be introduced in the sealing material in
providing sealing member 60 and air bubbles are less likely
to escape from the sealing material. A viscosity of the
insulating resin herein is measured at a temperature not
lower than 40° C. and not higher than 90° C.

[0261] Then, the sealing material is heated at a tempera-
ture, for example, not lower than 40° C. and not higher than
90° C. The heated sealing material is supplied into case 50
and provided in case 50. The sealing material is defoamed.
For example, the sealing material may be defoamed by being
held in a pressure-reduced atmosphere. Specifically, case 50
containing the sealing material is held in the reduced-
pressure atmosphere, for example, not lower than 700 Pa
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and not higher than 1500 Pa. In another example, the sealing
material may be defoamed by being vibrated. In one
example, case 50 containing the sealing material is vibrated.
The sealing material is vibrated at a frequency, for example,
not lower than 10 Hz and not higher than 1 kHz. Then, the
sealing material is cured. Sealing member 60 is thus pro-
vided.

[0262] In a second example of the step of sealing with
sealing member 60, sealing member 60 is provided by
transfer molding without using case 50. Specifically, the
sealing material is held in a pressure-reduced atmosphere,
for example, at 500 Pa and defoamed. Circuit substrate 10 on
which first semiconductor element 20 and second semicon-
ductor element 25 are mounted, a part of first lead terminal
52, a part of second lead terminal 53, a part of third lead
terminal 54, the plurality of first conductive wire groups 80,
the plurality of second conductive wire groups 85, and the
plurality of third conductive wires 44 are set in a mold. The
sealing material is injected into the mold. An insulating resin
lower in viscosity than the insulating resin that can directly
be potted is adopted as the sealing material. The sealing
material has a viscosity, for example, not lower than 0.2
Pa-S. The sealing material has a viscosity, for example, not
higher than 2.0 Pa-S. The sealing material is, for example,
silicone gel. As in the first example, the sealing material is
cured by being defoamed. Sealing member 60 is thus
provided.

[0263] Though power module 1i in the present embodi-
ment includes two semiconductor elements (first semicon-
ductor element 20 and second semiconductor element 25), it
may include at least one semiconductor element. For
example, though power module 1/ in the present embodi-
ment is a 1-in-1 type power module 1/ including a pair of a
diode (first semiconductor element 20) and an IGBT (second
semiconductor element 25), it may be a 2-in-1 type power
module 1/ including two pairs of a diode (first semiconduc-
tor element 20) and an IGBT (second semiconductor ele-
ment 25) or a 6-in-1 type power module 1/ including six
pairs of a diode (first semiconductor element 20) and an
IGBT (second semiconductor element 25).

[0264] Effects of power module 1; and a method of
manufacturing the same in the present embodiment will be
described.

[0265] Power module 1/ in the present embodiment
includes a first conductive member (first front electrode 21;
first lead terminal 52), a second conductive member (second
front electrode 26; first front electrode 21) spaced away from
the first conductive member in the first direction (the x
direction), a conductive wire group (first conductive wire
group 80) that electrically connects the first conductive
member and the second conductive member to each other,
and sealing member 60 that seals at least a part of the first
conductive member, at least a part of the second conductive
member, and the conductive wire group. The conductive
wire group is constituted of first conductive wire 81 and
second conductive wire 82 alternately arranged in the sec-
ond direction (the y direction) intersecting with the first
direction. The conductive wire group includes a first bonded
portion (bonded portion 80m; bonded portion 80x) bonded
to the first conductive member and a second bonded portion
(bonded portion 80p; bonded portion 80m) bonded to the
second conductive member. In the first plan view in the
second direction, first height h, or h, of first top 81v or 817
of first conductive wire 81 from first line 71 or 73 that
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connects the first bonded portion and the second bonded
portion to each other is larger than second height h, or hg of
first portion 82u or 82s of second conductive wire 82 from
first line 71 or 73. First portion 82« or 82s is a portion of
second conductive wire 82 on second line 72 or 74 that
passes through first top 81v or 817 and is perpendicular to
first line 71 or 73 in the first plan view. Difference Ah, or Ah,
between first height h, or h, and second height h, or hs is
larger than the minimum gap between first conductive wire
81 and second conductive wire 82 adjacent to each other,
between the first bonded portion (bonded portion 80m;
bonded portion 807) and the second bonded portion (bonded
portion 80p; bonded portion 80m) in the second plan view in
the third direction (the z direction) perpendicular to the first
direction and the second direction.

[0266] The method of manufacturing power module 1i in
the present embodiment includes electrically connecting the
first conductive member (first front electrode 21; first lead
terminal 52) and the second conductive member (second
front electrode 26; first front electrode 21) spaced away from
the first conductive member in the first direction (the x
direction) to each other through the conductive wire group
(first conductive wire group 80; first conductive wire group
80). The conductive wire group is constituted of first con-
ductive wire 81 and second conductive wire 82 alternately
arranged in the second direction (the y direction) intersect-
ing with the first direction. The method of manufacturing
power module 1/ in the present embodiment includes sealing
at least a part of the first conductive member, at least a part
of the second conductive member, and the conductive wire
group with sealing member 60. The conductive wire group
includes a first bonded portion (bonded portion 80m; bonded
portion 80%) bonded to the first conductive member and a
second bonded portion (bonded portion 80p; bonded portion
80m) bonded to the second conductive member. In the first
plan view in the second direction, first height h; or h, of first
top 81v or 817 of first conductive wire 81 from first line 71
or 73 that connects the first bonded portion and the second
bonded portion to each other is larger than second height h,
or hy of first portion 82u or 82s of second conductive wire
82 from first line 71 or 73. First portion 82u or 82s is a
portion of second conductive wire 82 on second line 72 or
74 that passes through first top 81v or 817 and is perpen-
dicular to first line 71 or 73 in the first plan view. Difference
Ah, or Ah, between first height h, orh, and second height h,
or hs is larger than the minimum gap between first conduc-
tive wire 81 and second conductive wire 82 adjacent to each
other, between the first bonded portion and the second
bonded portion in the second plan view in the third direction
(the z direction) perpendicular to the first direction and the
second direction.

[0267] Therefore, a gap (see, for example, gap G in FIG.
48) between first conductive wire 81 and second conductive
wire 82 is widened. Furthermore, first conductive wire 81
and second conductive wire 82 are alternately arranged in
the second direction (the y direction). The gap between first
conductive wire 81 and second conductive wire 82 can
efficiently be widened without increasing the minimum gap.
Therefore, air bubbles that were introduced in sealing mem-
ber 60 in providing sealing member 60 and remain below
first conductive wire 81 and second conductive wire 82
readily pass through a gap between first conductive wire 81
and second conductive wire 82 adjacent to each other and
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escape to the outside of sealing member 60. Lowering in
insulating performance of sealing member 60 is prevented.
[0268] In power module 1/ and the method of manufac-
turing the same in the present embodiment, difference Ah, or
Ah, between first height h, or h, and second height h, or hy
is at least 2.0 times and at most 5.0 times as large as the
diameter of each of first conductive wire 81 and second
conductive wire 82.

[0269] Difference Ah, or Ah, between first height h; or h,
of first top 81v or 817 of first conductive wire 81 and second
height h, or hy of first portion 82« or 82s of second
conductive wire 82 is at least 2.0 times as large as the
diameter of each of first conductive wire 81 and second
conductive wire 82. A gap (see, for example, gap G in FIG.
48) between first conductive wire 81 and second conductive
wire 82 is widened. Furthermore, first conductive wire 81
and second conductive wire 82 are alternately arranged in
the second direction (the y direction). The gap between first
conductive wire 81 and second conductive wire 82 can
efficiently be widened without increasing the minimum gap.
Therefore, air bubbles that were introduced in sealing mem-
ber 60 in providing sealing member 60 and remain below
first conductive wire 81 and second conductive wire 82
readily pass through a gap between first conductive wire 81
and second conductive wire 82 adjacent to each other and
escape to the outside of sealing member 60. Lowering in
insulating performance of sealing member 60 is prevented.
[0270] Difference Ah, or Ah, between first height h; or h,
of first top 81v or 817 of first conductive wire 81 and second
height h, or hy of first portion 82« or 82s of second
conductive wire 82 is at most 5.0 times as large as the
diameter of each of first conductive wire 81 and second
conductive wire 82. Therefore, electrical isolation between
second conductive wire 82 and circuit substrate 10 can be
ensured while the entire first conductive wire 81 and the
entire second conductive wire 82 are sealed with sealing
member 60. Since first conductive wire 81 is not excessively
higher in electrical resistance than second conductive wire
82, a current that flows through second conductive wire 82
can be prevented from excessively becoming higher than a
current that flows through first conductive wire 81 and break
of second conductive wire 82 can be prevented. Power
module 1/ in the present embodiment is improved in reli-
ability. According to the method of manufacturing power
module 1/ in the present embodiment, power module 1i
improved in reliability is obtained.

[0271] In power module 1/ and the method of manufac-
turing the same in the present embodiment, in the first plan
view in the second direction (the y direction), third height h,
or hy of second top 82v or 82¢ from first line 71 or 73 is
smaller than first height h,; or h,. In the first bonded portion
(bonded portion 80m; bonded portion 807) and the second
bonded portion (bonded portion 80p; bonded portion 80m),
first conductive wire 81 stands up from first line 71 or 73
more steeply than second conductive wire 82. Power module
1/ in the present embodiment is improved in reliability.
According to the method of manufacturing power module 17
in the present embodiment, power module 1; improved in
reliability is obtained.

[0272] In power module 1/ and the method of manufac-
turing the same in the present embodiment, first portion 82u
or 82s of second conductive wire 82 is second top 82v or 82¢
of second conductive wire 82 with respect to first line 71 or
73. In the direction along first line 71 or 73, first top 81v or
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817 of first conductive wire 81 is located at a position the
same as second top 82v or 827 of second conductive wire 82.
Power module 1/ in the present embodiment is improved in
reliability. According to the method of manufacturing power
module 1/ in the present embodiment, power module 17
improved in reliability is obtained.

[0273] In power module 1/ and the method of manufac-
turing the same in the present embodiment, in the first plan
view in the second direction (the y direction), first top 81v
or 81¢ of first conductive wire 81 may be displaced from
second top 82v or 827 of second conductive wire 82 in the
direction along first line 71 or 73. Therefore, difference Ah,
or Ah, between first height h, or h, and second height h, or
h, is further larger and a gap between first conductive wire
81 and second conductive wire 82 is further widened. Air
bubbles that were introduced in sealing member 60 in
providing sealing member 60 and remain below first con-
ductive wire 81 and second conductive wire 82 readily pass
through a gap between first conductive wire 81 and second
conductive wire 82 adjacent to each other and escape to the
outside of sealing member 60. Lowering in insulating per-
formance of sealing member 60 is prevented. Power module
1/ in the present embodiment is improved in reliability.
According to the method of manufacturing power module 17
in the present embodiment, power module 1; improved in
reliability is obtained.

[0274] In power module 1/ and the method of manufac-
turing the same in the present embodiment, sealing member
60 contains an insulating resin and a filler dispersed in the
insulating resin. Difference Ah, or Ah, between first height
h, or h, and second height h, or hy is at least six times and
at most sixty times as large as the maximum diameter of the
filler. Therefore, the gap between first conductive wire 81
and second conductive wire 82 is widened. Air bubbles that
were introduced in sealing member 60 in providing sealing
member 60 and remain below first conductive wire 81 and
second conductive wire 82 readily pass through a gap
between first conductive wire 81 and second conductive
wire 82 adjacent to each other and escape to the outside of
sealing member 60. Lowering in insulating performance of
sealing member 60 is prevented. Power module 17 in the
present embodiment is improved in reliability. According to
the method of manufacturing power module 1/ in the present
embodiment, power module 1/ improved in reliability is
obtained.

[0275] In the method of manufacturing power module 1/
in the present embodiment, sealing includes providing the
sealing material, defoaming the sealing material, and form-
ing sealing member 60 by curing the sealing material.
Therefore, air bubbles remaining in sealing member 60 are
suppressed. According to the method of manufacturing
power module 1/ in the present embodiment, power module
17 improved in reliability is obtained.

Fifth Embodiment

[0276] A power module 1; in a fifth embodiment will be
described with reference to FIGS. 55 to 59. Power module
1 in the present embodiment is similar in configuration to
power module 1/ in the fourth embodiment and the method
of manufacturing power module 1 in the present embodi-
ment includes steps similar to those in the method of
manufacturing power module 1/ in the fourth embodiment,
and they are mainly different in points below.
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[0277] Referring to FIGS. 56, 58, and 59, in the present
embodiment, in the first plan view in the second direction
(they direction), first top 81v of first conductive wire 81 is
displaced from second top 82v of second conductive wire 82
in the direction along first line 71. In bonded portion 80,
second conductive wire 82 stands up from first line 71 more
steeply than first conductive wire 81. In bonded portion 80p,
first conductive wire 81 stands up from first line 71 more
steeply than second conductive wire 82. In the first plan
view in the second direction (the y direction), the first
intermediate portion of first conductive wire 81 intersects
with the second intermediate portion of second conductive
wire 82. The first intermediate portion is a portion of first
conductive wire 81 between bonded portion 80m and
bonded portion 80p. Second intermediate portion is a por-
tion of second conductive wire 82 between bonded portion
80 and bonded portion 80p.

[0278] First portion 82u of second conductive wire 82 is
located between second top 82v of second conductive wire
82 and bonded portion 80p. First conductive wire 81 is equal
in length to second conductive wire 82 between bonded
portion 80m and bonded portion 80p. A first length of first
conductive wire 81 being equal to a second length of second
conductive wire 82 herein means that the first length of first
conductive wire 81 is not lower than 97% and not higher
than 103% of the second length of second conductive wire
82. As shown in FIG. 56, in the first plan view in the second
direction (the y direction), third height h; of second top 82v
from first line 71 is equal to first height h,.

[0279] Referring to FIG. 56, in the present embodiment, in
the first plan view in the second direction (the y direction),
first top 817 of first conductive wire 81 is displaced from
second top 82¢ of second conductive wire 82 in the direction
along first line 71. In bonded portion 80z, second conductive
wire 82 stands up from first line 73 more steeply than first
conductive wire 81. In bonded portion 80m, first conductive
wire 81 stands up from first line 73 more steeply than second
conductive wire 82. In the first plan view in the second
direction (the y direction), the third intermediate portion of
first conductive wire 81 intersects with the fourth interme-
diate portion of second conductive wire 82. The third
intermediate portion is a portion of first conductive wire 81
between bonded portion 80z and bonded portion 80m. The
fourth intermediate portion is a portion of second conductive
wire 82 between bonded portion 807 and bonded portion
80m.

[0280] First portion 82s of second conductive wire 82 is
located between second top 82¢ of second conductive wire
82 and bonded portion 80m. First conductive wire 81 is
equal in length to second conductive wire 82 between
bonded portion 807 and bonded portion 80m. As shown in
FIG. 56, in the first plan view in the second direction (the y
direction), third height h, of second top 82¢ from first line 73
is equal to first height h,.

[0281] Second conductive wire group 85 may be similar in
configuration to first conductive wire group 80 that connects
first lead terminal 52 and first front electrode 21 of first
semiconductor element 20 to each other.

[0282] Referring to FIG. 60, in a power module 1% in a
modification of the present embodiment, in the first plan
view in the second direction (the y direction), third height h,
of'second top 82v from first line 71 may be smaller than first
height h,. In the first plan view in the second direction (the
y direction), third height h, of second top 827 from first line
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73 may be smaller than first height h,. Therefore, difference
Ah, or Ah, between first height h, orh, and second height h,
or hs becomes larger and a gap (see, for example, gap G in
FIG. 59) between first conductive wire 81 and second
conductive wire 82 is further widened.

[0283] Power modules 1; and 14 and the method of
manufacturing the same in the present embodiment achieve
effects below in addition to the effects achieved by power
module 1/ and the method of manufacturing the same in the
fourth embodiment.

[0284] In power modules 1; and 1k and the method of
manufacturing the same in the present embodiment, in the
first plan view in the second direction (the y direction), first
top 81v or 81z of first conductive wire 81 is displaced from
second top 82v or 827 of second conductive wire 82 in the
direction along first line 71 or 73. In the first bonded portion
(bonded portion 80m; bonded portion 807), second conduc-
tive wire 82 stands up from first line 71 or 73 more steeply
than first conductive wire 81. In the second bonded portion
(bonded portion 80p; bonded portion 80m), first conductive
wire 81 stands up from first line 71 or 73 more steeply than
second conductive wire 82.

[0285] Therefore, even though third height h; or hy of
second top 82v or 82¢ is equal to first height h, or h, of first
top 81v or 817 in the first plan view in the second direction
(the y direction), difference Ah, or Ah, between first height
h, or h, and second height h, or hs becomes larger and the
gap between first conductive wire 81 and second conductive
wire 82 is further widened. Air bubbles that were introduced
in sealing member 60 in providing sealing member 60 and
remain below first conductive wire 81 and second conduc-
tive wire 82 readily pass through a gap between first
conductive wire 81 and second conductive wire 82 adjacent
to each other and escape to the outside of sealing member
60. Lowering in insulating performance of sealing member
60 is prevented. Power modules 1/ and 1% in the present
embodiment are improved in reliability. According to the
method of manufacturing power modules 1 and 1% in the
present embodiment, power modules 1/ and 1% improved in
reliability are obtained.

[0286] In power module 1% and the method of manufac-
turing the same in the present embodiment, in the first plan
view in the second direction (the y direction), third height h,
or h of second top 82v or 827 from first line 71 or 73 is
smaller than first height h; or h,. Therefore, difference Ah,
or Ah, between first height h, or h, and second height h, or
h5 becomes larger and the gap between first conductive wire
81 and second conductive wire 82 is further widened. Air
bubbles that were introduced in sealing member 60 in
providing sealing member 60 and remain below first con-
ductive wire 81 and second conductive wire 82 readily pass
through a gap between first conductive wire 81 and second
conductive wire 82 adjacent to each other and escape to the
outside of sealing member 60. Lowering in insulating per-
formance of sealing member 60 is prevented. Power module
1% in the present embodiment is improved in reliability.
According to the method of manufacturing power module 1%
in the present embodiment, power module 1% improved in
reliability is obtained.

[0287] In power modules 1/ and 1% in the present embodi-
ment, first conductive wire 81 is equal in length to second
conductive wire 82 between the first bonded portion (bonded
portion 80m; bonded portion 807) and the second bonded
portion (bonded portion 80p; bonded portion 80m). There-
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fore, electrical isolation between second conductive wire 82
and circuit substrate 10 can be ensured while the entire first
conductive wire 81 and the entire second conductive wire 82
are sealed with sealing member 60. Furthermore, first con-
ductive wire 81 is substantially equal in electrical resistance
to second conductive wire 82. A current equally flows
through first conductive wire 81 and second conductive wire
82 and break of first conductive wire 81 and second con-
ductive wire 82 can be prevented. Power modules 1/ and 1%
in the present embodiment are improved in reliability.
According to the method of manufacturing power modules
1/ and 1% in the present embodiment, power modules 1; and
1% improved in reliability are obtained.

Sixth Embodiment

[0288] A power module 1/ in a sixth embodiment will be
described with reference to FIGS. 61 to 65. Power module
1/ in the present embodiment is similar in configuration to
power module 1/ in the fourth embodiment and the method
of manufacturing power module 1/ in the present embodi-
ment includes steps similar to those in the method of
manufacturing power module 1/ in the fourth embodiment,
and they are mainly different in points below.

[0289] Referring to FIGS. 62, 64, and 65, in the present
embodiment, in the first plan view in the second direction
(the y direction), third height h; of second top 82v from first
line 71 is smaller than first height h, . In bonded portion 80m
and bonded portion 80p, first conductive wire 81 stands up
from first line 71 more gently than second conductive wire
82.

[0290] In the first plan view in the second direction (the y
direction), the first intermediate portion of first conductive
wire 81 intersects with the third intermediate portion of
second conductive wire 82. The first intermediate portion of
first conductive wire 81 is a portion between bonded portion
80m and first top 81v. The third intermediate portion of
second conductive wire 82 is a portion between bonded
portion 80m and second top 82v. In the first plan view in the
second direction (the y direction), the second intermediate
portion of first conductive wire 81 intersects with the fourth
intermediate portion of second conductive wire 82. The
second intermediate portion of first conductive wire 81 is a
portion between bonded portion 80p and first top 81v. The
fourth intermediate portion of second conductive wire 82 is
a portion between bonded portion 80p and second top 82v.
[0291] Inthe present embodiment, first conductive wire 81
is equal in length to second conductive wire 82 between
bonded portion 80m and bonded portion 80p. First portion
82u of second conductive wire 82 is second top 82v of
second conductive wire 82 with respect to first line 71. In a
modification of the present embodiment, in the first plan
view in the second direction (the y direction), first top 81v
of first conductive wire 81 may be displaced from second top
82v of second conductive wire 82 in the direction along first
line 71.

[0292] Referring to FIG. 62, in the present embodiment, in
the first plan view in the second direction (the y direction),
third height h, of second top 82¢ from first line 73 is smaller
than first height h,. In bonded portion 80z and bonded
portion 80m, first conductive wire 81 stands up from first
line 71 more gently than second conductive wire 82.
[0293] In the first plan view in the second direction (the y
direction), a fifth intermediate portion of first conductive
wire 81 intersects with a seventh intermediate portion of
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second conductive wire 82. The fifth intermediate portion of
first conductive wire 81 is a portion between bonded portion
807 and first top 81z. The seventh intermediate portion of
second conductive wire 82 is a portion between bonded
portion 807 and second top 82z In the first plan view in the
second direction (the y direction), a sixth intermediate
portion of first conductive wire 81 intersects with an eighth
intermediate portion of second conductive wire 82. The sixth
intermediate portion of first conductive wire 81 is a portion
between bonded portion 80m and first top 81z. The eighth
intermediate portion of second conductive wire 82 is a
portion between bonded portion 80 and second top 827
[0294] Inthe present embodiment, first conductive wire 81
is equal in length to second conductive wire 82 between
bonded portion 807 and bonded portion 80m. First portion
82s of second conductive wire 82 is second top 827 of second
conductive wire 82 with respect to first line 73. In a
modification of the present embodiment, in the first plan
view in the second direction (the y direction), first top 817 of
first conductive wire 81 may be displaced from second top
82¢ of second conductive wire 82 in the direction along first
line 73.

[0295] Second conductive wire group 85 may be similar in
configuration to first conductive wire group 80 that connects
first lead terminal 52 and first front electrode 21 of first
semiconductor element 20 to each other.

[0296] Effects of power module 1/ and the method of
manufacturing the same in the present embodiment will be
described.

[0297] In power module 1/ and the method of manufac-
turing the same in the present embodiment, in the first plan
view in the second direction (the y direction), third height h,
or h of second top 82v or 827 from first line 71 or 73 is
smaller than first height h,; or h,. In the first bonded portion
(bonded portion 80m; bonded portion 807) and the second
bonded portion (bonded portion 80p; bonded portion 80m),
first conductive wire 81 stands up from first line 71 or 73
more gently than second conductive wire 82. Power module
1/ and the method of manufacturing the same in the present
embodiment achieve effects the same as those achieved by
power module 1/ and the method of manufacturing the same
in the fourth embodiment.

[0298] In power module 1/ in the present embodiment,
first conductive wire 81 is equal in length to second con-
ductive wire 82 between the first bonded portion (bonded
portion 80m; bonded portion 807) and the second bonded
portion (bonded portion 80p; bonded portion 80m). There-
fore, electrical isolation between second conductive wire 82
and circuit substrate 10 can be ensured while the entire first
conductive wire 81 and the entire second conductive wire 82
are sealed with sealing member 60. Furthermore, first con-
ductive wire 81 is substantially equal in electrical resistance
to second conductive wire 82. A current equally flows
through first conductive wire 81 and second conductive wire
82 and break of first conductive wire 81 and second con-
ductive wire 82 can be prevented. Power module 1/ in the
present embodiment is improved in reliability. According to
the method of manufacturing power module 1/ in the present
embodiment, power module 1/ improved in reliability is
obtained.

Seventh Embodiment

[0299] The present embodiment is application of power
modules 1 to 11 in the first to sixth embodiments to a power
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conversion apparatus. An example in which a power con-
version apparatus 200 in the present embodiment is a
three-phase inverter will be described below, although the
power conversion apparatus is not particularly limited.
[0300] A power conversion system shown in FIG. 66
includes a power supply 100, power conversion apparatus
200, and a load 300. Power supply 100 is a direct-current
(DC) power supply and supplies DC power to power con-
version apparatus 200. Though power supply 100 is not
particularly limited, it may be implemented, for example, by
a DC system, a solar cell, or a storage battery, or by a
rectification circuit or an AC/DC converter connected to an
alternating-current (AC) system. Power supply 100 may be
implemented by a DC/DC converter that converts DC power
output from the DC system to different DC power.

[0301] Power conversion apparatus 200 is a three-phase
inverter connected between power supply 100 and load 300,
and it converts DC power supplied from power supply 100
into AC power and supplies AC power to load 300. As
shown in FIG. 66, power conversion apparatus 200 includes
a main conversion circuit 201 that converts DC power into
AC power and outputs AC power and a control circuit 203
that outputs a control signal for controlling main conversion
circuit 201 to main conversion circuit 201.

[0302] Load 300 is a three-phase motor driven by AC
power supplied from power conversion apparatus 200.
Though load 300 is not particularly limited, it is a motor
mounted on various electrical appliances and used, for
example, as a motor for a hybrid vehicle, an electric vehicle,
a rail car, an elevator, or an air-conditioner.

[0303] Details of power conversion apparatus 200 will be
described below. Main conversion circuit 201 includes a
switching element (not shown) and a freewheeling diode
(not shown). As the switching element switches a voltage
supplied from power supply 100, main conversion circuit
201 converts DC power supplied from power supply 100
into AC power and supplies AC power to load 300. Though
a specific circuit configuration of main conversion circuit
201 is various, main conversion circuit 201 according to the
present embodiment is a two-level three-phase full bridge
circuit and may be constituted of six switching elements and
six freewheeling diodes in anti-parallel to respective switch-
ing elements. Any of power modules 1 to 11 in the first to
sixth embodiments described above is applied to at least any
of the switching elements and the freewheeling diodes of
main conversion circuit 201. Every two switching elements
of the six switching elements are connected in series to
implement upper and lower arms, and the upper and lower
arms implement phases (the U phase, the V phase, and the
W phase) of the full bridge circuit. Output terminals of the
upper and lower arms, that is, three output terminals of main
conversion circuit 201, are connected to load 300.

[0304] Main conversion circuit 201 includes a drive circuit
(not shown) that drives each switching element. The drive
circuit may be contained in a semiconductor module 202 or
may be provided separately from semiconductor module
202. The drive circuit generates a drive signal for driving the
switching element included in main conversion circuit 201
and supplies the drive signal to a control electrode of the
switching element of main conversion circuit 201. Specifi-
cally, the drive signal that sets the switching element to on
and the drive signal that sets the switching element to off are
output to the control electrode of each switching element in
accordance with the control signal from control circuit 203.
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When the switching element is to be maintained in the on
state, the drive signal is a voltage signal (an on signal) not
lower than a threshold voltage of the switching element, and
when the switching element is to be maintained in the off
state, the drive signal is a voltage signal (an off signal) not
higher than a threshold voltage of the switching element.

[0305] Control circuit 203 controls the switching element
of main conversion circuit 201 such that desired electric
power is supplied to load 300. Specifically, a time period (an
on time period) during which each switching element of
main conversion circuit 201 should be on is calculated based
on electric power to be supplied to load 300. For example,
main conversion circuit 201 can be controlled under pulse
width modulation (PWM) control in which the on time
period of the switching element is modulated in accordance
with a voltage to be output. Then, a control command (a
control signal) is output to a drive circuit provided in main
conversion circuit 201 such that an on signal is output to the
switching element to be turned on and an off signal is output
to the switching element to be turned off at each time point.
The drive circuit outputs the on signal or the off signal as the
drive signal to a control electrode of each switching element,
in accordance with the control signal.

[0306] In power conversion apparatus 200 according to
the present embodiment, any of power modules 1 to 11
according to the first to sixth embodiments is applied as
semiconductor module 202 included in main conversion
circuit 201. Therefore, power conversion apparatus 200
according to the present embodiment is improved in reli-
ability.

[0307] Though an example in which the present invention
is applied to a two-level three-phase inverter is described in
the present embodiment, the present invention can be
applied to various power conversion apparatuses without
being limited as such. Though a two-level power conversion
apparatus is adopted in the present embodiment, a three-
level power conversion apparatus or a multi-level power
conversion apparatus may be applicable. When the power
conversion apparatus supplies electric power to a single-
phase load, the present invention may be applied to a
single-phase inverter. When the power conversion apparatus
supplies electric power to a DC load, the present invention
may be applied to a DC/DC converter or an AC/DC con-
verter.

[0308] The power conversion apparatus to which the pres-
ent invention is applied is not limited to an example in which
a motor is adopted as the load, and the power conversion
apparatus may be incorporated, for example, in a power
supply apparatus of an electro-discharge machine or a laser
beam machine or a power supply apparatus of an induction
heating cooker or a contactless power feed system. The
power conversion apparatus to which the present invention
is applied can be used as a power conditioner of a photo-
voltaic power generation system or a power storage system.

[0309] It should be understood that the first to seventh
embodiments disclosed herein are illustrative and non-re-
strictive in every respect. At least two of the first to seventh
embodiments disclosed herein may be combined unless
there is inconsistency. The scope of the present invention is
defined by the terms of the claims rather than the description
above and is intended to include any modifications within
the scope and meaning equivalent to the terms of the claims.
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REFERENCE SIGNS LIST

[0310] 1, 1a, 15, 1c, 1d, e, 1f, 1g, 1k, 1i, 1, 1k, 11
power module; 10 circuit substrate; 11 insulating sub-
strate; 12 first conductive layer; 13 second conductive
layer; 20 first semiconductor element; 21 first front
electrode; 215 first back electrode; 23 first conductive
joint member; 25 second semiconductor element; 26
second front electrode; 265 second back electrode; 27
third front electrode; 28 second conductive joint mem-
ber; 30, 305 first conductive wire group; 30m, 30n, 30p,
35m, 35n bonded portion; 31a, 315, 31c first conduc-
tive wire; 35, 356 second conductive wire group; 36a,
365, 36¢ second conductive wire; 44 third conductive
wire; 50 case; 51 joint member; 52 first lead terminal;
53 second lead terminal; 54 third lead terminal; 60
sealing member; 71, 73 first line; 72, 74 second line; 80
first conductive wire group; 80m, 80n, 80p, 85m, 85n
bonded portion; 81, 86 first conductive wire; 81¢, 81v
first top; 82, 87 second conductive wire; 82s, 82u first
portion; 82¢, 82v second top; 85 second conductive
wire group; 100 power supply; 200 power conversion
apparatus; 201 main conversion circuit; 202 semicon-
ductor module; 203 control circuit; 300 load; h,, h, first
height; h,, hs second height; h;, h, third height; p pitch

1. A power module comprising:

a first conductive member;

a second conductive member spaced away from the first
conductive member in a first direction;

a plurality of conductive wire groups that electrically
connect the first conductive member and the second
conductive member to each other; and

an insulating sealing member that seals at least a part of
the first conductive member, at least a part of the
second conductive member, and the plurality of con-
ductive wire groups,

the plurality of conductive wire groups being arranged in
parallel in a second direction perpendicular to the first
direction, each of the plurality of conductive wire
groups being constituted of a plurality of conductive
wires,

the plurality of conductive wires being covered only with
the insulating sealing member,

the plurality of conductive wire groups each including a
first bonded portion bonded to the first conductive
member and a second bonded portion bonded to the
second conductive member,

in a plan view of the first conductive member, a maximum
gap in the second direction between intermediate por-
tions of a pair of the conductive wire groups adjacent
to each other being larger than a first gap in the second
direction between the first bonded portions of the pair
of conductive wire groups, and the intermediate por-
tions being located between the first bonded portion
and the second bonded portion,

in the plan view, the maximum gap in the second direction
between the intermediate portions of the pair of con-
ductive wire groups being larger than a second gap in
the second direction between the second bonded por-
tions of the pair of conductive wire groups.

2. The power module according to claim 1, wherein

the plurality of conductive wires intersect with each other
at the intermediate portions.
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3. The power module according to claim 2, wherein

in the plan view, positions of tops of the plurality of
conductive wires are different from each other, and

the plurality of conductive wires are equal in length to
each other.

4. The power module according to claim 2, wherein

the first conductive member is a first electrode of a first
semiconductor element,

the second conductive member is a second electrode of a
second semiconductor element,

the first electrode is located at a height different from the
second electrode, and

in the plan view, tops of the plurality of conductive wires
overlap each other.

5. The power module according to claim 1, wherein

in the plan view, the plurality of conductive wires are
arranged in the second direction, and

in the plan view, in a portion of each of the plurality of
conductive wire groups where the maximum gap is
defined, the plurality of conductive wires are closer to
each other in the second direction than in the first
bonded portion and the second bonded portion.

6. The power module according to claim 5, wherein

the plurality of conductive wires are different from each
other in length,

in the plan view, the plurality of conductive wires do not
intersect with each other, and

in the plan view, in the portion of each of the plurality of
conductive wire groups, the plurality of conductive
wires overlap each other.

7. The power module according to claim 1, wherein

portions of the pair of conductive wire groups where the
maximum gap is defined are different from each other
in height.

8. A power module comprising:

a first conductive member;

a second conductive member spaced away from the first
conductive member in a first direction;

a conductive wire group that electrically connects the first
conductive member and the second conductive member
to each other; and

an insulating sealing member that seals at least a part of
the first conductive member, at least a part of the
second conductive member, and the conductive wire
group,

the conductive wire group being constituted of a first
conductive wire and a second conductive wire alter-
nately arranged in a second direction that intersects
with the first direction,

the first conductive wire and the second conductive wire
being covered only with the insulating sealing member,

the conductive wire group including a first bonded portion
bonded to the first conductive member and a second
bonded portion bonded to the second conductive mem-
ber,

in a first plan view in the second direction, a first height
of a first top of the first conductive wire from a first line
that connects the first bonded portion and the second
bonded portion to each other being larger than a second
height of a first portion of the second conductive wire
from the first line,

the first portion being a portion of the second conductive
wire on a second line that passes through the first top
and is perpendicular to the first line in the first plan
view, and



US 2021/0217724 Al

a difference between the first height and the second height
being larger than a minimum gap between the first
conductive wire and the second conductive wire adja-
cent to each other, between the first bonded portion and
the second bonded portion in a second plan view in a
third direction perpendicular to the first direction and
the second direction.

9. The power module according to claim 8, wherein

the difference between the first height and the second
height is at least 2.0 times and at most 5.0 times as large
as a diameter of each of the first conductive wire and
the second conductive wire.

10. The power module according to claim 8, wherein

in the first plan view, a third height of a second top of the
second conductive wire from the first line is smaller
than the first height, and

in the first bonded portion and the second bonded portion,
the first conductive wire more steeply stands up from
the first line than the second conductive wire.

11. A method of manufacturing a power module compris-

ing:

electrically connecting a first conductive member and a
second conductive member to each other through a
plurality of conductive wire groups, the second con-
ductive member being spaced away from the first
conductive member in a first direction, the plurality of
conductive wire groups being arranged in parallel in a
second direction that intersects with the first direction,
the plurality of conductive wire groups each being
constituted of a plurality of conductive wires; and

sealing at least a part of the first conductive member, at
least a part of the second conductive member, and the
plurality of conductive wire groups with an insulating
sealing member,

the plurality of conductive wires being covered only with
the insulating sealing member,

the plurality of conductive wire groups each including a
first bonded portion bonded to the first conductive
member and a second bonded portion bonded to the
second conductive member,

in a plan view of the first conductive member, a maximum
gap in the second direction between intermediate por-
tions of a pair of the conductive wire groups adjacent
to each other being larger than a first gap in the second
direction between the first bonded portions of the pair
of conductive wire groups, and the intermediate por-
tions being located between the first bonded portion
and the second bonded portion,

in the plan view, the maximum gap in the second direction
between the intermediate portions of the pair of con-
ductive wire groups being larger than a second gap in
the second direction between the second bonded por-
tions of the pair of conductive wire groups.

12. The method of manufacturing a power module accord-

ing to claim 11, wherein

the electrically connecting the first conductive member
and the second conductive member to each other
through the plurality of conductive wire groups
includes causing the plurality of conductive wires to
intersect with each other at the intermediate portions.
13. The method of manufacturing a power module accord-

ing to claim 11, wherein

the electrically connecting the first conductive member
and the second conductive member to each other
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through the plurality of conductive wire groups
includes bringing the plurality of conductive wires
closer to each other in the second direction in a portion
of each of the plurality of conductive wire groups
where the maximum gap is defined, than in the first
bonded portion and the second bonded portion in the
plan view, and
in the plan view, the plurality of conductive wires are
arranged in the second direction.
14. A method of manufacturing a power module compris-
ing:
electrically connecting a first conductive member and a
second conductive member to each other through a
conductive wire group, the second conductive member
being spaced away from the first conductive member in
a first direction, the conductive wire group being con-
stituted of a first conductive wire and a second con-
ductive wire alternately arranged in a second direction
that intersects with the first direction; and
sealing at least a part of the first conductive member, at
least a part of the second conductive member, and the
conductive wire group with an insulating sealing mem-
ber,
the first conductive wire and the second conductive wire
being covered only with the insulating sealing member,
the conductive wire group including a first bonded portion
bonded to the first conductive member and a second
bonded portion bonded to the second conductive mem-
ber,
in a first plan view in the second direction, a first height
of a first top of the first conductive wire from a first line
that connects the first bonded portion and the second
bonded portion to each other being larger than a second
height of a first portion of the second conductive wire
from the first line,
the first portion being a portion of the second conductive
wire on a second line that passes through the first top
and is perpendicular to the first line in the first plan
view, and
a difference between the first height and the second height
being larger than a minimum gap between the first
conductive wire and the second conductive wire adja-
cent to each other, between the first bonded portion and
the second bonded portion in a second plan view in a
third direction perpendicular to the first direction and
the second direction.
15. The method of manufacturing a power module accord-
ing to claim 14, wherein
the difference between the first height and the second
height is at least 2.0 times and at most 5.0 times as large
as a diameter of each of the first conductive wire and
the second conductive wire.
16. The method of manufacturing a power module accord-
ing to claim 14, wherein
in the first plan view, a third height of a second top of the
second conductive wire from the first line is smaller
than the first height, and
in the first bonded portion and the second bonded portion,
the first conductive wire more steeply stands up from
the first line than the second conductive wire.
17. The method of manufacturing a power module accord-
ing to claim 11, wherein
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the sealing includes providing an insulating sealing mate-
rial, defoaming the insulating sealing material, and
forming the insulating sealing member by curing the
insulating sealing material.

18. The method of manufacturing a power module accord-

ing to claim 17, wherein

the defoaming the insulating sealing material includes
holding the insulating sealing material in a pressure-
reduced atmosphere.

19. The method of manufacturing a power module accord-

ing to claim 17, wherein

the defoaming the insulating sealing material includes
vibrating the insulating sealing material.

20. A power conversion apparatus comprising:

a main conversion circuit that includes the power module
according to claim 1 and converts input electric power
and outputs resultant electric power; and

a control circuit that outputs a control signal for control-
ling the main conversion circuit to the main conversion
circuit.



