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(54) POWER SEMICONDUCTOR DEVICE

(57) According to a power semiconductor device(50)
of the present invention, it comprises a plurality of lead
frames(1) formed into like a wiring pattern, a power sem-
iconductor element (2) joined onto the lead frame(1), and
a capacitor(100) placed between mutually adjacent two
lead frames (1), and is encapsulated with a mold resin

(5). The capacitor(100) is characterized in that external
electrodes(101) of that capacitor(100) are connected to
the lead frames(1) each through a stress-relaxation
structure portion(39) that is lower in rigidity than the ca-
pacitor(100).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a transfer-mold
type power semiconductor device provided internally
with a capacitor and, in particular, to a power semicon-
ductor device to be mounted in an in-vehicle apparatus.

BACKGROUND ART

[0002] Nowadays, in the context of global warming,
there is a growing demand for transportation machines
to improve fuel consumption. For in-vehicle electric com-
ponents to be mounted, in particular, in automobiles,
there is an urgent need to further reduce their size and
weight. In addition, among the in-vehicle electric compo-
nents, with respect to rotating electrical machines for ve-
hicle, such as an alternator, attempts have been actively
made directed to improvement in power generation effi-
ciency and power conversion efficiency. As one of these,
there is an attempt to apply an inverter configuration to
a power conversion unit in place of a rectifier or the like.
As compared to the rotating electrical machine with a
rectifier, the rotating electrical machine with the power
conversion unit to which an inverter configuration is ap-
plied, is sophisticated in control of its output current, so
that it is allowed to add thereto a new function of gener-
ating regenerative power, starting engine or the like.
[0003] Meanwhile, in the rectifier for in-vehicle appa-
ratus, a diode is used as a power semiconductor element,
whereas, in the inverter for in-vehicle apparatus, a MOS-
FET (Metal Oxide Semiconductor - Field Effect Transis-
tor) or an IGBT (Insulated Gate Bipolar Transistor) is
used. These power semiconductor elements used in the
inverter are switching elements that turn on/off (ON-OFF)
with voltages applied to their gates, and have a smaller
current loss (hereinafter represented as ON-resistance)
at the time of gate-on, as compared to the diode. Thus,
in the in-vehicle apparatus with the power conversion
unit to which an inverter configuration is applied, the pow-
er generation efficiency and/or the power conversion ef-
ficiency are improved. Further, the switching element
such as a MOS-FET or an IGBT is also used in the power
semiconductor device for controlling field current in an
alternator or a motor generator. The power semiconduc-
tor element for controlling the field current is placed in a
path through which power is supplied to the field winding
of a rotor as a rotator member, and controls the field
current.
[0004] In-vehicle power semiconductor devices to be
mounted in these in-vehicle electric components are con-
ventionally fabricated by incorporating, for example, an
encased-type power semiconductor device which is con-
figured by soldering a power semiconductor element on
an insulative board with a patterned wiring and making
connections using wiring members followed by encap-
sulating the resultant with a silicone gel or the like, or a

mono-functional discrete-type power semiconductor de-
vice which is configured by subjecting a diode, MOS-FET
or like element to transfer molding. Such a power semi-
conductor device is placed near a heat dissipater such
as a heat sink of the in-vehicle apparatus, so that heat
generated by the power semiconductor element is dis-
charged through the heat dissipater.
[0005] The power semiconductor device of the in-ve-
hicle electric component is, because of small space for
mounting it, required to be downsized. However, in the
power semiconductor device which is to be mounted in
the in-vehicle electric component and in which a power
semiconductor element given as a switching element,
such as a MOS-FET or an IGBT, is mounted, current
intermittently flows due to switching of the power semi-
conductor element. As to the power semiconductor de-
vice, it is required to provide a capacitor for mitigating
voltage variation at the time of switching of the power
semiconductor element. The capacitor is required to be
placed near the power semiconductor device, and this
causes an obstructive factor against downsizing of the
rotating electrical machine.
[0006] For example, in Patent Document 1, there is
disclosed a mold-type semiconductor device in which a
chip capacitor is attached to a lead frame at between a
power source and the ground, and a low-power integrat-
ed circuit (IC chip) and the chip capacitor are encapsu-
lated with a resin. This semiconductor device has a con-
figuration in which the capacitor is mounted on a tie bar
of the lead frame and encapsulated with a resin. This
allows the capacitor to be mounted near the low-power
integrated circuit, as well as achieves noise reduction.

CITATION LIST

PATENT DOCUMENT

[0007] Patent Document 1: Japanese Patent Applica-
tion Laid-open No.S59-72757 (Fig.2)

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] In Patent Document 1, described is a semicon-
ductor device structure that provides a reduced induct-
ance and an increased mounting density because of en-
capsulation of the integrated circuit (IC chip) and the chip
capacitor with the resin. Even as the power semiconduc-
tor device in which the power semiconductor element
such as a MOS-FET and an IGBT is mounted, we have
thought a wish to achieve a transfer-mold type compact
power semiconductor device by encapsulating the power
semiconductor element and the capacitor for mitigating
voltage variation at the time of switching of the power
semiconductor element. The power semiconductor de-
vice is necessary to operate in harsh environments as
compared to the semiconductor device with a low-power
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integrated circuit or the like, and thus the power semi-
conductor device undergoes large amplitude of temper-
ature cycle.
[0009] Accordingly, in the case of the power semicon-
ductor device, merely mounting the capacitor on the tie
bar of the lead frame followed by encapsulating them
with resin as disclosed in Patent Document 1, will result
in a failure of the capacitor at the time of operation in
harsh environments or at the time of fabrication.
[0010] That is, according to the structure disclosed in
Patent Document 1, there is a problem that the capacitor
fails due to the temperature cycle that the power semi-
conductor device undergoes or a molding pressure at
the time of mold-forming.
[0011] Meanwhile, in the power semiconductor device,
because a larger current flows as compared to a general
integrated circuit (IC chip), the thickness of the lead frame
is made thicker. Thus, in the power semiconductor de-
vice, a level difference of about several mm to several
tens of mm inevitably emerges between terminals of the
lead frame where the capacitor is mounted, so that par-
allelism between a capacitor mounting portion of the lead
frame and an external electrode of the capacitor be-
comes different at two external electrodes thereof. Be-
cause the level difference varies to become smaller due
to the molding pressure at the time of mold-forming, or
the vibration of the lead frame occurring at the time of
transportation in fabrication processing is propagated to
the capacitor, a large stress is applied to the capacitor.
Thus, there is also a problem that the capacitor fails due
to the large stress applied to the capacitor, so that the
production yield is reduced.
[0012] The present invention has been made to solve
the problems as described above, and an object thereof
is to prevent a capacitor in the transfer-mold type power
semiconductor device provided internally with the capac-
itor, from failing at the time of operation or at the time of
fabrication.

MEANS FOR SOLVING THE PROBLEMS

[0013] The power semiconductor device according to
the invention is a power semiconductor device encapsu-
lated with a mold resin which comprises: a plurality of
lead frames formed into like a wiring pattern; a power
semiconductor element joined onto the lead frame; and
a capacitor placed between mutually adjacent two of the
lead frames; wherein the capacitor is characterized in
that external electrodes of the capacitor are connected
to the lead frames each through a stress-relaxation struc-
ture portion that is lower in rigidity than the capacitor.

EFFECT OF THE INVENTION

[0014] According to the power semiconductor device
in accordance with the invention, since the external elec-
trodes of the capacitor are connected to the lead frames
each through the stress-relaxation structure portion that

is lower in rigidity than the capacitor, the stress to be
produced in the capacitor at the time of operation or at
the time of fabrication is mitigated by the stress-relaxation
structure portion that is lower in rigidity than the capacitor,
so that the capacitor is prevented from being broken
down.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig.1 is a schematic overview diagram of the inside
of a power semiconductor device according to Em-
bodiment 1 of the invention.
Fig.2 is a diagram showing a stress-relaxation struc-
ture portion according to Embodiment 1 of the inven-
tion.
Fig.3 is an enlarged view of a stress-relaxation struc-
ture portion according to Embodiment 1 of the inven-
tion.
Fig.4 is an enlarged view of another stress-relaxation
structure portion according to Embodiment 1 of the
invention.
Fig.5 is an enlarged view of still another stress-re-
laxation structure portion according to Embodiment
1 of the invention.
Fig.6 is an enlarged view of a stress-relaxation struc-
ture portion according to Embodiment 2 of the inven-
tion.
Fig.7 is a diagram showing a stress-relaxation struc-
ture portion according to Embodiment 3 of the inven-
tion.
Fig.8 is a diagram showing a capacitor mounting
structure according to Embodiment 4 of the inven-
tion.
Fig.9 is a diagram showing another capacitor mount-
ing structure according to Embodiment 4 of the in-
vention.

MODES FOR CARRYING OUT THE INVENTION

Embodiment 1

[0016] Fig.1 is a schematic overview diagram of the
inside of a power semiconductor device according to Em-
bodiment 1 of the invention, and Fig. 2 is a diagram show-
ing a stress-relaxation structure portion according to Em-
bodiment 1 of the invention. A power semiconductor de-
vice 50 of Embodiment 1 includes: a plurality of lead
frames 1 formed into like a wiring pattern; power semi-
conductor elements 2 that can perform switching; a ce-
ramic capacitor (also arbitrarily referred to as "capacitor")
100 for mitigating voltage variation due to switching of
the power semiconductor elements 2; a chip component
such as a chip resistor (also arbitrarily referred to as "re-
sistor") 20; wiring members 3 that make connections be-
tween the plural lead frames 1 having terminals formed
therein, and connections between the lead frames 1 and
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the power semiconductor elements 2; and a mold resin
5 that encapsulates the lead frames 1, mounting compo-
nents such as the power semiconductor elements 2, the
chip component and the like, and the wiring members 3.
In Fig.1, there is shown an example of the power semi-
conductor device 50 in which three power semiconductor
elements 2a, 2b, 2c are mounted and five power termi-
nals 11a, 11b, 11c, 11d, 11e and three signal terminals
12a, 12b, 12c are included. Note that, with respect the
reference numeral of the power semiconductor ele-
ments, the numeral 2 is used collectively, whereas the
numerals 2a, 2b, 2c are used when these elements are
to be described distinctly. With respect to the reference
numeral of the power terminals, the numeral 11 is used
collectively, whereas the numerals 11a, 11b, 11c, 11d,
11e are used when these terminals are to be described
distinctly. With respect to the reference numeral of the
signal terminals, the numeral 12 is used collectively,
whereas the numerals 12a, 12b, 12c are used when
these terminals are to be described distinctly.
[0017] The power semiconductor device 50 is fixed to
an in-vehicle apparatus through an insulative adhesive,
an insulative board, an insulative sheet or the like. Mean-
while, there is also a case where the power semiconduc-
tor device 50 has an insulative layer on its face opposite
to a portion to which the power semiconductor device 50
is fixed, and is pressure-fixed by soldering or through a
heat-dissipative grease. Outwardly protruding terminals
of the power semiconductor device 50 include the power
terminals 11 through which a large current of several A
to one hundred and several tens of A flows, and the signal
terminals 12 for controlling, such as gate signal lines of
the power semiconductor elements 2 and sensor signal
lines. The power terminals 11 are connected through in-
termediary members to a power source such as a power
supplying apparatus, a battery and the like, and the signal
terminals 12 for controlling are connected to a control
board mounted in the in-vehicle apparatus.
[0018] The power semiconductor device 50 mounts
therein the power semiconductor elements 2 such as
MOS-FETs or IGBTs that can perform switching, and
controls the amounts of currents caused to flow through
the power terminals 11 for outputting (for example, 11a,
11b, 11c) by causing the elements to perform switching
using signals transmitted from the gate signal lines con-
nected to the control board. With respect to joining be-
tween the lower face of each power semiconductor ele-
ment 2 (a face opposite to each lead frame 1) and the
lead frame 1, they are attached to each other by means
of a solder 4 or an electro-conductive bonding material
such as an electro-conductive paste. Each of electrode
portions formed on the chip of the power semiconductor
element 2 and the lead frame 1 are connected to each
other by a wiring member 3, such as, a wire bond formed
from a cross-sectionally circular or rectangular wire made
of aluminum or copper by bonding it using ultrasonic vi-
bration, the lead frame 1 to be used for wiring, a terminal
made of metal, or the like.

[0019] The lead frames 1 and the mounting compo-
nents, such as the ceramic capacitor 100, the chip resis-
tor 20 and the like, are joined to each other using a bond-
ing material such as a solder 4. The ceramic capacitor
100 is a laminated ceramic capacitor in which dielectric
portions and electrode portions are laminated, and is pro-
vided with external electrodes 101 formed of external
electrode layers. Where the ceramic capacitor 100 is
mounted is between two of the lead frames 1, and po-
tentials of the two lead frames 1 are different to each
other. Meanwhile, the plurality of lead frames 1 are
formed by press processing and/or etching processing,
and there is a level difference of about several mm to
several tens of mm between the respective lead frames 1.
[0020] The power semiconductor device 50 is config-
ured by joining the power semiconductor elements 2 and
the other mounting components onto the lead frames 1
using the bonding material, making connections using
the wiring members 3, and then encapsulating the result-
ant with the mold resin 5. In order to efficiently discharge
heat that is generated when a current flows through the
internally-mounted power semiconductor element 2, to-
ward a power-semiconductor-device joining portion of an
in-vehicle apparatus to which the power semiconductor
device 50 is joined, there is a case where the power sem-
iconductor device 50 is provided with a lead-frame ex-
posed face where the lead frame 1 is partially exposed,
in the face of the power semiconductor device 50 oppo-
site to the power-semiconductor-device joining portion
of the in-vehicle apparatus. For example in Fig.1, the
lead-frame exposed face of the power semiconductor de-
vice 50 is formed in its face (back face) in the side where
the power semiconductor elements 2 and the chip com-
ponents etc., are not mounted. The lead-frame exposed
face of the power semiconductor device 50 is joined to
the power-semiconductor-device joining portion of the in-
vehicle apparatus through an insulating portion having a
small thermal resistance. This causes the heat generated
from the power semiconductor elements 2 to be efficient-
ly dissipated toward the power-semiconductor-device
joining portion of the in-vehicle apparatus and then to be
dissipated out through a heat sink, etc., that is placed in
the in-vehicle apparatus.
[0021] Here, the power semiconductor device 50 of the
invention is provided with a conventional configuration
which comprises: the plurality of lead frames 1 formed
into like a wiring pattern; the power semiconductor ele-
ments 2 joined onto the lead frames 1; the wiring mem-
bers 3 that make connections between the plural lead
frames 1 having the terminals formed therein, and con-
nections between the lead frames 1 and the electrode
portions formed on the power semiconductor elements
2; the bonding material for joining a lower face electrode
portion formed on the lower face of each power semicon-
ductor element 2 and the lead frame 1 together; and the
mold resin 5 that encloses the lead frames 1, the power
semiconductor elements 2, the wiring members 3 and
the bonding material. In addition, in the circuit formed
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inside the power semiconductor device 50, there is pro-
vided the capacitor 100 for mitigating voltage variation
at the time of switching of the power semiconductor ele-
ment 2. As shown in Fig.2, the power semiconductor de-
vice 50 of the invention includes a stress-relaxation struc-
ture portion 39 between each external electrode portion
101 of the capacitor 100 and a capacitor mounting portion
13 of each lead frame 1.
[0022] The temperature of the power semiconductor
device 50 varies largely depending on an operation of
the in-vehicle apparatus, a change in the ambient tem-
perature of the setting place, a current-flow through the
power semiconductor element 2, and the like. When the
variation in the temperature of the power semiconductor
device 50 is large, since a thermal stress to be produced
in the capacitor 100 increases due to a difference in linear
expansion coefficient between the capacitor 100 and its
surrounding component, it has been difficult to adopt
such a structure that is configured simply by mounting
the capacitor 100 on the lead frame 1 followed by encap-
sulating them with the mold resin 5. However, with the
configuration of this invention, even if the power semi-
conductor device 50 is to be mounted in an in-vehicle
apparatus having a large temperature variation, it is pos-
sible to employ such a power semiconductor device 50
with a structure in which the capacitor 100 is mounted
between the two lead frames 1 and they are encapsulated
with the mold resin 5. Further, at the time of fabrication
of the power semiconductor device 50, even at the time
the intermediate product in which the capacitor 100 is
joined to and between the two lead frames 1 is transport-
ed on the fabrication line, the stress-relaxation structure
portion 39 mitigates the stress to the capacitor 100 due
to vibration and the stress to the capacitor 100 at the time
an external force is applied thereto during its transporta-
tion, to thereby prevent the capacitor from failing, so that
the fabrication yield can be enhanced.
[0023] The external electrodes 101 of the capacitor
100 and the capacitor mounting portions 13 of the lead
frames 1 are joined to each other by means of the solder
4. The power semiconductor device 50 according to the
invention has a structure in which, between the solder 4
which is an electro-conductive bonding material for the
capacitor mounting portion 13 and the external electrode
101, the stress-relaxation structure portion 39 is provided
that is lower in rigidity than the electro-conductive bond-
ing material, and their surrounding is enclosed with the
mold resin 5. As the stress-relaxation structure portion
39, it suffices, for example, to use an electro-conductive
stress-relaxation portion 30 that is a stress relaxation lay-
er formed of a low elastic modulus resin, such as an epoxy
resin, a silicone resin or the like, in which an electro-
conductive filler is mixed. In this case, by having made
the elastic modulus of the electro-conductive stress-re-
laxation portion 30 lower than the elastic modulus of the
mold resin 5, a required stress relaxation function can be
exerted. As the electro-conductive filler, a finely particu-
late metal is suitable. Accordingly, the stress-relaxation

structure portion 39 deforms when a temperature varia-
tion occurs in the power semiconductor device 50 to
thereby produce a distortion due to difference in linear
expansion coefficient between the structural compo-
nents that construct the power semiconductor device 50,
so that the thermal stress to be produced in the capacitor
100 is mitigated. Thus, it is prevented that the joining
portion between the capacitor 100 and the lead frame 1
is broken down and that the capacitor 100 fails.
[0024] The stress-relaxation structure portion 39 is
formed of the electro-conductive member containing the
electro-conductive filler. In Fig.2, such a case is shown
where the stress-relaxation structure portion 39 is placed
only around the electro-conductive bonding material (sol-
der 4) ; however, it may be placed as it covers the external
electrode 101. In these two exemplified cases, when a
pretreatment is applied that affixes the stress-relaxation
structure portion 39 onto each external electrode 101 of
the capacitor 100, the efficiency in production processing
is enhanced.
[0025] Meanwhile, as described previously, a level dif-
ference of about several mm to several tens of mm emerg-
es between the capacitor mounting portions 13 of the two
lead frames 1 that mount the capacitor 100. If an inter-
mediate product having the capacitor 100 mounted there-
in is encapsulated with the mold resin 5 under the pres-
ence of that level difference, the level difference between
the two lead frames 1 varies to become smaller due to
the molding pressure reaching even up to about 100 at-
mospheres or due to a mold clamping at the time of mold-
ing, so that a crack may occur in the capacitor 100 in
some cases. Thus, even when encapsulating with the
mold resin 5, the stress-relaxation structure portion 39
that is lower in rigidity than the electro-conductive bond-
ing material (solder 4) deforms preferentially, so that the
stress to be produced in the capacitor 100 can be miti-
gated. This makes it possible to prevent occurrence of a
crack in the capacitor 100 and to prevent reduction in the
yield of the fabrication process. Further, also when the
intermediate product before mold encapsulation in which
the capacitor 100 is joined to the lead frames 1 is trans-
ported on the fabrication line, the stress-relaxation struc-
ture portion 39 can mitigate the stress to the capacitor
100 due to vibration and the stress to the capacitor 100
at the time an external force is applied thereto during its
transportation.
[0026] The joining portion between the capacitor 100
and each lead frame 1 that includes the stress-relaxation
structure portion 39, is finally covered with the mold resin
5. At the time the stress-relaxation structure portion 39
mitigates the aforementioned stress, even if the stress-
relaxation structure portion 39 becomes distorted or
largely deforms such that a slit is formed partially in the
stress-relaxation structure portion 39, because the ca-
pacitor 100 and the lead frames 1 are preserved by the
mold resin 5, the fixing strength of the capacitor is not
lowered, so that it is possible to prevent loss of function
or failure in function of the power semiconductor device
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50. Further because the stress-relaxation structure por-
tion 39 is lower in rigidity than the solder 4 and the ca-
pacitor 100, if perchance it is out of the standard such as
when there is a particularly large level difference between
the two capacitor mounting portions 13, the stress-relax-
ation structure portion 39 will be broken down to cause
an open failure. Since the failure can easily be detected,
it is possible to reduce the facility cost for an inspection
apparatus or the like.
[0027] Fig.3 is a diagram showing the stress-relaxation
structure portion according to Embodiment 1 of the in-
vention. As previously described, the stress-relaxation
structure portion 39 is formed of a mixture of the electro-
conductive filler and a resin material. The rigidity of the
stress-relaxation structure portion 39 is made largely low-
er than the rigidity of the electro-conductive bonding ma-
terial (solder 4) for joining the capacitor 100 to the lead
frame 1. Accordingly, in the joining portion between the
capacitor 100 and the lead frame 1, when a stress is
produced, for example, due to the temperature cycle dur-
ing operation of the power semiconductor device 50, due
to the deformation that makes the level difference be-
tween the two lead frames 1 smaller at the time of mold-
forming, or due to a stress at the time of transportation,
the stress-relaxation structure portion 39 actively de-
forms to prevent the capacitor 100 from failing.
[0028] Meanwhile, as shown in Fig.4, the stress-relax-
ation structure portion 39 may instead be formed of an
electro-conductive stress-relaxation portion 30 and a
metal plating layer 31 of such as Ni or Sn, that is provided
on the surface of the electro-conductive stress-relaxation
portion 30. Fig. 4 is an enlarged view of another stress-
relaxation structure portion according to Embodiment 1
of the invention. By providing the metal plating layer 31
of such as Ni or Sn, it is possible to be easily solderable
as compared to the case of the electro-conductive stress-
relaxation portion 30 alone.
[0029] Fig.5 is an enlarged view of still another stress-
relaxation structure portion according to Embodiment 1
of the invention. Fig.5 represents a case where there is
a missing portion 40 that is a portion at which a part of
the solder 4 and a part of the electro-conductive stress
relaxation portion 30 are missing. A broken line 6 corre-
sponds to an edge of the solder 4 when it was as shown
in Fig.3, and a broken line 35 corresponds to an edge of
the electro-conductive stress relaxation portion 30 when
it was as shown in Fig.3. The capacitor 100 has a non-
connected portion 111 to which the stress-relaxation
structure portion 39 is not connected, on the external
electrode 101 in the side opposite to the lead frame 1.
According to the power semiconductor device 50 of Em-
bodiment 1, even when a deformation associated with
breakage such as a formation of a slit or a crack, occurs
before its mold processing in a part of the stress-relaxa-
tion structure portion 39 provided between the capacitor
100 and the capacitor mounting portion 13 of the lead
frame 1, the mold resin 5 is filled in the missing portion
40 formed in the stress-relaxation structure portion 39,

in the mold processing. That is, even when the non-con-
nected portion 111 is present, the non-connected portion
111 is covered with the mold resin 5 in the mold process-
ing. Thus, the power semiconductor device 50 of Em-
bodiment 1 has a structure by which, even when there
is formed the missing portion 40 at which the solder 4
and the electro-conductive stress-relaxation portion 30
are missing in the joining portion between the capacitor
100 and the lead frame 1, the mold resin 5 is filled in the
missing portion 40.
[0030] The power semiconductor device 50 of Embod-
iment 1 is provided with a structure by which, when a
stress acts to the capacitor 100 before the mold process-
ing, the stress to be produced in the capacitor 100 is
mitigated because of the stress-relaxation structure por-
tion 39 deforming or being partially broken, and also pro-
vided with a structure by which the lead frames 1 and the
mounting components such as the power semiconductor
elements 2, the capacitor 100 and the like, are covered
with the mold resin 5 without change in their state, that
is, a structure that allows the mold resin 5 to penetrate
into a portion where the stress-relaxation structure por-
tion 39 has deformed or has been partially broken (miss-
ing portion 40). Thus, according to the power semicon-
ductor device 50 of Embodiment 1, even when the stress-
relaxation structure portion 39 deforms or is partially bro-
ken to thereby reduce the stress in the capacitor 100, it
is possible to keep the strength for holding the capacitor
100 by the mold resin 5 that is complementally filled in
the deformed or partially broken portion (missing portion
40).
[0031] Let’s assume a structure different to the struc-
ture of the power semiconductor device 50 of Embodi-
ment 1, for example, such a structure in which even with
the stress-relaxation structure portion 39, the mold resin
5 is not placed therearound. In the power semiconductor
device with this structure, there is a deformation associ-
ated with breakage of the stress-relaxation structure por-
tion 39 that has occurred during the fabrication process-
ing. Thus, when the power semiconductor device 50 un-
dergoes a large temperature variation, a repetitive stress
due to a difference in linear expansion coefficient be-
tween the components that construct the power semi-
conductor device, acts concentrically to the deformed
portion (missing portion 40) formed into a cutout shape,
so that a crack is developed and this crack finally results
in a failure. Accordingly, in this case, there arises a need
in the fabrication processing to inspect whether or not
the stress-relaxation structure portion 39 has caused its
deformation associated with breakage, so that the cost
for inspection increases. However, with the structure of
the invention, it is possible to avoid such an increase in
the cost.
[0032] According to the power semiconductor device
50 of Embodiment 1, it comprises the plurality of lead
frames 1 formed into like a wiring pattern, the power sem-
iconductor element 2 joined onto the lead frame 1, and
the capacitor 100 placed between mutually adjacent two
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lead frames 1, which are encapsulated with the mold res-
in 5. The capacitor 100 is characterized in that the exter-
nal electrodes 101 of the capacitor 100 are connected to
the lead frames 1 each through the stress-relaxation
structure portion 39 that is lower in rigidity than the ca-
pacitor 100. Thus, the stress to be produced in the ca-
pacitor 100 at the time of operation or at the time of fab-
rication is mitigated by the stress-relaxation structure por-
tion 39 that is lower in rigidity than the capacitor, so that
the capacitor 100 can be prevented from being broken
down.
[0033] Since the stress-relaxation structure portion 39
of Embodiment 1 includes the electro-conductive stress-
relaxation portion 30 that is lower in rigidity than the solder
4 and the capacitor 100, the stress produced in the ca-
pacitor at the time of operation or at the time of fabrication
is mitigated, so that the capacitor can be prevented from
being broken down. According to the power semiconduc-
tor device 50 of Embodiment 1, the capacitor 100, the
capacitor mounting portions 13 of the lead frames 1 and
the stress-relaxation structure portions 39 are encapsu-
lated with the mold resin 5. Thus, the thermal stress at
the time of mold-forming or due to the temperature cycle
under the operating environment is mitigated because of
the electro-conductive stress-relaxation portion 30 de-
forming or being partially broken, so that it is possible to
prevent a crack of the capacitor. On this occasion, even
if the electro-conductive stress-relaxation portion 30 has
partially deformed or has been partially broken, the ca-
pacitor 100 and the capacitor mounting portions 13 are
preserved by the mold resin 5, so that the current path,
or the circuit configuration between the lead frame 1 and
the capacitor 100 is never broken down.
[0034] Since the electro-conductive stress-relaxation
portion 30 in the stress-relaxation structure portions 39
of Embodiment 1, is formed of a mixture of the electro-
conductive filler and a resin, it can be made largely lower
in rigidity than the solder 4 and the capacitor 100.
[0035] The power semiconductor device 50 of Embod-
iment 1 is provided with a structure in which the lead
frames 1 and the mounting components such as the pow-
er semiconductor element 2, the capacitor 100 and the
like, are covered with the mold resin 5. Thus, even when
the stress-relaxation structure portion 39 deforms or is
partially broken to thereby reduce the stress in the ca-
pacitor 100, it is possible to keep the strength for holding
the capacitor 100 by the mold resin 5 that is complemen-
tally filled in the deformed or partially broken portion
(missing portion 40).
[0036] According to the power semiconductor device
50 of Embodiment 1, since the capacitor 100 for mitigat-
ing voltage variation at the time of switching of the power
semiconductor element 2 is connected through the
stress-relaxation structure portion 39 to the lead frame
1, it is possible to place the capacitor 100 near the power
semiconductor element 2 to thereby downsize the power
semiconductor device 50. The power semiconductor de-
vice 50 of Embodiment 1 can be used as a power sem-

iconductor device for controlling an armature current or
a field current of an inverter-integrated rotating machine.
The armature current is a current that flows through an
armature in the case where a stator is provided as the
armature. The field current is a current that flows through
a field winding wound around a rotor in the case where
the rotor is provided as the armature. With respect to the
power semiconductor device for controlling the armature
current or the field current of an inverter-integrated rotat-
ing machine, the heat of the rotating machine is trans-
ferred to the power semiconductor device, so that the
temperature of the power semiconductor device increas-
es and also the stress due to difference in linear expan-
sion coefficient becomes larger. Even with the inverter-
integrated rotating machine that operates in such harsh
environments, since the power semiconductor device 50
of Embodiment 1 is provided with the stress-relaxation
structure portion 39, the stress to be produced in the ca-
pacitor 100 can be mitigated, so that the capacitor 100
is prevented from being broken down.

Embodiment 2

[0037] Fig.6 is an enlarged view of a stress-relaxation
structure portion according to Embodiment 2. The stress-
relaxation structure portion 39 according to the power
semiconductor device 50 of Embodiment 2 includes an
electrode connection portion 37 connected to the exter-
nal electrode 101 of the capacitor 100, and an electrode
non-connection portion 38 not connected to the external
electrode 101. In the external electrode 101, a portion
connected to the electrode connection portion 37 of the
stress-relaxation structure portion 39 is referred to as a
first electrode portion 102, and a portion not connected
to the electrode connection portion 37 of the stress-re-
laxation structure portion 39 is referred to as a second
electrode portion 103. In Fig.6, the first electrode portion
102 is a portion indicated by an arrow range 102, and
the second electrode portion 103 is a portion indicated
by an arrow range 103. The second electrode portion
103 is formed in the side where the capacitor mounting
portion 13 is placed, not in the upper side of the external
electrode 101 in Fig.6, that is, not in the side upper than
an upper-limit of the bonded portion (a boundary portion)
of the solder 4.
[0038] Since stress-relaxation structure portion 39 of
Embodiment 2 includes the electrode non-connection
portion 38, the second electrode portion 103 of the ca-
pacitor 100 can be made unfixed to the lead frame 1.
According to the stress-relaxation structure portion 39 of
Embodiment 2, because of the second electrode portion
103 of the capacitor 100 being made unfixed to the lead
frame 1, a portion near the second electrode portion 103,
that is, the electrode non-connection portion 38 some-
what moves when the molding pressure acts thereto at
the time of mold-forming. Thus, the stress at the time of
mold-forming that acts to the capacitor 100 is reduced,
so that the capacitor 100 is prevented from being broken
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down.
[0039] Further, according to the power semiconductor
device 50 of Embodiment 2, since the mold resin 5 is
being filled in between the second electrode portion 103
and the electrode non-connection portion 38 after mold-
forming, a sufficient fixing strength of the capacitor can
be achieved. The second electrode portion 103 can be
formed in such a manner that a part of the electro-con-
ductive stress-relaxation portion 30 which constitutes the
electrode non-connection portion 38 is kept unconnected
to the surface of the external electrode 101, and a highly
heat-resistant polyimide resin or the like that prevents
the solder 4 from supplying thereto is applied onto the
surface. Other than the polyimide, aluminum may be
used. By applying aluminum onto the surface of the ex-
ternal electrode 101, it is possible to prevent a part of the
electro-conductive stress-relaxation portion 30 which
constitutes the electrode non-connection portion 38, from
connecting to the electrode, and to prevent the electrode
from being supplied the solder. Such a layer of aluminum
can be formed by sintering using an aluminum powder,
as being stacked on the electrode of the capacitor 100.
[0040] In Fig.6, a configuration example is shown in
which, on the lateral face of the external electrode 101
of the capacitor 100, there is placed the first electrode
portion 102 to which the electrode connection portion 37
can be connected and which is solderable by the solder
4, and along with the opposite face of the capacitor 100
that is opposite to the lead frame 1, there is placed the
second electrode portion 103 which allows the formation
of the electrode non-connection portion 38 and which is
not solderable by the solder 4. Note that in the power
semiconductor device 50 of Embodiment 2, a contrivance
may be applied to the lead frame 1 for forming the second
electrode portion 103. Specifically, the lead frame 1 in
the power semiconductor device 50 of Embodiment 2
may be provided with a structure in which a non-soldera-
ble electrode layer is placed on a part of the capacitor
mounting portion 13 of the lead frame 1 opposite to the
capacitor 100, or a structure in which a non-solderable
polyimide resin layer is placed on a part of the capacitor
mounting portion 13. In this case, because a contrivance
has been applied to the lead frame 1-side, there is no
need to place a layer of a polyimide resin or aluminum
that is a material different to that of the external electrode
101, on a portion that constitutes the first electrode por-
tion 102 of the capacitor 100.

Embodiment 3

[0041] Fig.7 is a diagram showing a stress-relaxation
structure portion according to Embodiment 3 of the in-
vention. The power semiconductor device 50 of Embod-
iment 3 includes the stress-relaxation structure portion
39 formed of a metal plate 32 that is lower in rigidity than
the body of the capacitor 100. One end of the metal plate
32 is connected to the external electrode 101 of the ca-
pacitor 100, and the other end of the metal plate 32 is

connected to the capacitor mounting portion 13 of the
lead frame 1. Since the stress-relaxation structure portion
39 is provided with a structure in which the metal plate
32 is interposed between the capacitor 100 and the lead
frame 1, the stress produced in the capacitor 100 due to
the molding pressure applied to the capacitor 100 at the
time of mold processing, the mold clamping at the time
of molding, the temperature cycle at the time of operation
of the power semiconductor device 50, or the like, can
be mitigated by a deformation of the metal plate 32. As
a result, a capacitor failure due to the stress produced in
the capacitor 100 can be prevented, so that the fabrica-
tion yield can be enhanced.
[0042] In the stress-relaxation structure portion 39 of
Embodiment 3, the lower in rigidity the metal plate 32 is,
the greater the effect of reducing the stress of the capac-
itor becomes. Further, in the stress-relaxation structure
portion 39 of Embodiment 3, the longer the length corre-
sponding to the distance d between the capacitor 100
and the lead frame 1 is, the greater the effect of reducing
the stress of the capacitor becomes. As the material of
the metal plate 32, an invar-based material that is near
in linear expansion coefficient to the capacitor 100 is pref-
erable. Since the power semiconductor device 50 of Em-
bodiment 3 includes the stress-relaxation structure por-
tion 39 formed of the metal plate 32, it suffices that the
rigidity of the metal plate 32 meets such a condition that
it can endure the production processing in which the ca-
pacitor 100, the stress-relaxation structure portion 39,
and the lead frame 1 are encapsulated with the mold
resin 5.
[0043] Meanwhile, in in-vehicle apparatuses, a highly
vibration-resistant characteristic is required. It is unable
to satisfy reliability by solely applying the stress-relaxa-
tion structure portion 39 of Embodiment 3, that is, the
metal plate 32, to the encased-type semiconductor de-
vice which has been described as a conventional power
semiconductor device for in-vehicle use. The reason will
be explained. As described previously, the encased-type
semiconductor device is configured by mounting a power
semiconductor element and chip components on an in-
sulative board with a patterned wiring, and making con-
nections with the semiconductor element and the chip
components using wiring members followed by encap-
sulating the resultant with a silicone gel or the like. Thus,
because the silicone gel is likely to vibrate, it is unable
to satisfy reliability by solely applying the metal plate 32.
[0044] In contrast, even when a highly vibration-resist-
ant characteristic is required, according to the power
semiconductor device 50 of Embodiment 3, it is possible
to satisfy reliability, because the stress-relaxation struc-
ture portion 39 formed of the metal plate 32 is provided,
and the power semiconductor element 2 and the chip
components such as the capacitor 100 and the like, that
are mounted on the lead frames 1, are encapsulated with
the mold resin 5 that is less likely to vibrate than the sil-
icone gel.
[0045] There is also another encapsulation method by
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potting with a high elastic epoxy resin or the like; however,
by such a method, its processing time for pouring the
epoxy resin is long, which results in inclusion of foams.
When foams are included in the potted resin, there
emerges a need to make larger the insulation distance
between components that are required to ensure insula-
tion. The components required to ensure insulation in-
cludes the lead frames 1, the wiring members 3, the elec-
trodes of the power semiconductor elements 2, and elec-
trodes of the chip components such as the external elec-
trodes 101 of the capacitor 100, and the like. In contrast,
according to the encapsulation by transfer molding ap-
plied to the power semiconductor device 50 of Embodi-
ment 3, the encapsulation is carried out by mold-forming
at a high pressure reaching up to 100 atmospheres. Thus,
foams and the like are not included in the mold resin 5,
so that it is possible to make smaller the insulation dis-
tance that is required to ensure insulation between the
components. As a result, it becomes possible to down-
size the power semiconductor device 50.

Embodiment 4

[0046] Fig.8 is a diagram showing a capacitor mount-
ing structure according to Embodiment 4 of the invention.
The power semiconductor device 50 of Embodiment 4 is
provided with a structure in which a wiring pattern 22
formed on an insulative wiring board 21 that is fixed be-
tween two lead frames 1 and the external electrodes 101
of the capacitor 100 are bonded together, and the wiring
pattern 22 formed on the insulative wiring board 21 and
each lead frame 1 are electrically connected to each other
using another wiring member 3 such as a wire bond. That
is, the power semiconductor device 50 of Embodiment 4
includes the stress-relaxation structure portion 39 formed
of the wiring board 21 that is lower in rigidity than the lead
frame 1 and the capacitor 100. According to the power
semiconductor device 50 of Embodiment 4, by thus plac-
ing the wiring board 21 between the capacitor 100 and
the lead frames 1, the stress due to the molding pressure
at the time of mold-forming or due to the mold clamping
in the mold-forming is mitigated by the wiring board 21.
Thus, no stress is produced directly in the capacitor 100,
so that the capacitor 100 can be prevented from failing.
[0047] Further, in the power semiconductor device 50
of Embodiment 4, since the wiring board 21 is interposed
between the capacitor 100 and the lead frames 1, even
when the temperature cycle emerges at the time of op-
eration of the power semiconductor device 50, the differ-
ence in linear expansion coefficient between the capac-
itor 100 and the wiring board 21 is made smaller. Thus,
in the power semiconductor device 50 of Embodiment 4,
the thermal stress produced in the capacitor 100 is made
smaller, so that the capacitor 100 can be prevented from
failing. As the material of the wiring board 21, it is pref-
erable to have a small difference in linear expansion co-
efficient to the material of the lead frame 1 and, for ex-
ample, FR-4 (Flame Retardant -4) formed of a glass fiber

cloth with an epoxy resin impregnated therein, is prefer-
able.
[0048] It is noted that, illustrated in Fig. 8 is a case of
using the insulative wiring board 21; however, as shown
in Fig. 9, another capacitor mounting structure that uses
second lead frames 7 may be employed. Fig.9 is a dia-
gram showing the other capacitor mounting structure ac-
cording to Embodiment 4 of the invention. In Fig.9, the
capacitor 100 is joined onto the second lead frames 7
each fixed to the lead frame 1 as being insulated from
each other. In this case, by making the thickness of the
second lead frame 7 smaller than the thickness of the
lead frame 1, it is possible to mitigate the thermal stress
in the capacitor due to the temperature cycle.
[0049] According to the power semiconductor device
50 of Embodiment 4, by placing between the capacitor
100 and the lead frames 1, the wiring board 21 or the
second lead frames 7 insulated from the lead frames 1,
it is possible to prevent the thermal stress due to the
molding pressure at the time of mold-forming and due to
the temperature cycle at the time of operation, from trans-
ferring directly to the capacitor 100. Thus, according to
the power semiconductor device 50 of Embodiment 4,
similarly to Embodiments 1 to 3, the stress to be produced
in the capacitor 100 at the time of operation or at the time
of fabrication is mitigated by the stress-relaxation struc-
ture portion 39 that is lower in rigidity than the capacitor,
so that the capacitor 100 can be prevented from being
broken down.
[0050] In any of the above embodiments, the power
semiconductor element 2 may be formed of silicon. In-
stead, it may be formed of a wide bandgap semiconductor
material that is wider in bandgap than silicon. Examples
of the wide bandgap semiconductor material include sil-
icon carbide, a gallium nitride family material and dia-
mond.
[0051] Since the power semiconductor element 2
formed of such a wide bandgap semiconductor material
has a higher breakdown voltage and also a higher allow-
able current density, it is possible to downsize the power
semiconductor element 2. By using such a downsized
power semiconductor element 2, it becomes possible to
downsize the power semiconductor device 50 with that
element incorporated therein.
[0052] It should be noted that unlimited combination of
the respective embodiments, any modification of the em-
bodiments and any omission in the embodiments may
be made in the present invention without departing from
the scope of the invention.

DESCRIPTION OF REFERENCE NUMERALS and 
SIGNS

[0053] 1: lead frame, 2, 2a, 2b, 2c: power semiconduc-
tor element, 3: wiring member, 4: solder, 5: mold resin,
7: second lead frame, 21: wiring board, 30: electro-con-
ductive stress-relaxation portion, 32: metal plate, 37:
electrode connection portion, 38: electrode non-connec-
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tion portion, 39: stress-relaxation structure portion, 50:
power semiconductor device, 100: capacitor, 101: exter-
nal electrode, 111: non-connected portion.

Claims

1. A power semiconductor device encapsulated with a
mold resin, comprising:

a plurality of lead frames formed into like a wiring
pattern;
a power semiconductor element joined onto the
lead frame; and
a capacitor placed between mutually adjacent
two of the lead frames;
wherein the capacitor is characterized in that
external electrodes of the capacitor are connect-
ed to the lead frames each through a stress-
relaxation structure portion that is lower in rigid-
ity than the capacitor.

2. The power semiconductor device of Claim 1, wherein
a joining structure of the capacitor and each of the
lead frames comprises the stress-relaxation struc-
ture portion connected to the external electrode of
the capacitor, and a solder that connects the stress-
relaxation structure portion with the lead frame; and
wherein the stress-relaxation structure portion is
lower in rigidity than the solder.

3. The power semiconductor device of Claim 1 or 2,
wherein the stress-relaxation structure portion in-
cludes an electro-conductive stress-relaxation por-
tion formed of a resin in which an electro-conductive
filler is mixed.

4. The power semiconductor device of any one of
Claims 1 through 3, wherein the capacitor has a non-
connected portion to which the stress-relaxation
structure portion is not connected, on the external
electrode of the capacitor in the side opposite to the
lead frame, and the non-connected portion is cov-
ered with the mold resin.

5. The power semiconductor device of any one of
Claims 1 through 4, wherein the stress-relaxation
structure portion has an electrode connection portion
connected to the external electrode of the capacitor,
and an electrode non-connection portion not con-
nected to the external electrode.

6. The power semiconductor device of Claim 1 or 2,
wherein the stress-relaxation structure portion com-
prises a metal plate.

7. The power semiconductor device of Claim 1 or 2,
wherein the stress-relaxation structure portion com-

prises an insulative wiring board having a wiring pat-
tern connected to the external electrodes of the ca-
pacitor.

8. The power semiconductor device of Claim 1 or 2,
wherein the stress-relaxation structure portion com-
prises a second lead frame that is placed on the lead
frame and is insulated to the lead frame, and the
second lead frame is connected to the external elec-
trode of the capacitor and connected to the lead
frame by way of a wiring member.

9. The power semiconductor device of any one of
Claims 1 through 8, which is disposed on a rotating
electrical machine for in-vehicle use to thereby sup-
ply a current to an armature of the rotating electrical
machine.

10. The power semiconductor device of any one of
Claims 1 through 9, wherein the power semiconduc-
tor element is formed of a wide bandgap semicon-
ductor material.

11. The power semiconductor device of Claim 10,
wherein the wide bandgap semiconductor material
is one of materials consisting of silicon carbide, a
gallium nitride family material and diamond.
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