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(54) ELECTRONIC MODULE

(57) Amodule (2, 3) comprising a first switching de-
vice (11-14) including a first bipolar device (11a, 12a,
13a, 14a) ; a first unipolar device (21, 22, 23, 24) con-
nected in parallel to the first bipolar device (11a, 12a,
13a, 14a) ; a first connection metal member (31, 33, 35,
37; 31A, 33A, 35A, 37A), parasitized by an inductance
(L1,L3,L5,L7), through which the first bipolar device (11a,
12a, 13a, 14a) is connected to the first unipolar device
(21, 22, 23, 24); a first output line (41, 42, 43, 46, 47, 48)
connected to the first bipolar device (11a, 12a, 13a, 14a)
through the first connection metal member (31, 33, 35,
37; 31A, 33A, 35A, 37A), and to the first unipolar device
(21, 22, 23, 24) without going through the first connection
metal member (31, 33, 35, 37; 31A, 33A, 35A, 37A); and

a second connection metal member (32, 34, 36, 38; 32A,
34A, 36A, 38A) through which the first unipolar device
(21, 22, 23, 24) is connected to the firstoutputline (41,
42, 43, 46, 47, 48), and that is parasitized by an induct-
ance (L2, L4, L6, L8), wherein the first and second con-
nection metal members (31-38,31A-38A) are connected
in series between the first bipolar device (11a, 12a, 13a,
14a) and the first output line (41, 42, 43, 46, 47, 48),
whereby an inductance (L2, L4, L6, L8) between the first
unipolar device (21, 22, 23, 24) and the first output line
(41, 42, 46, 47) is smaller than an inductance (L1-L8)
between the first bipolar device (11a, 12a, 13a, 14a) and
the first output line (41, 42, 43, 46, 47, 48).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a module of an
electronic circuit such as an inverter circuit or a converter
circuit.

BACKGROUND ART

[0002] A MOSFET (Metal-Oxide-Semiconductor Field
Effect Transistor) is used as a switching element of an
electronic circuit, such as an inverter circuit or a converter
circuit. A PN junction diode (body diode) that is a bipolar
device parasitizes the MOSFET. In an electronic circuit
in which the MOSFET is used, there is a fear that, if an
electric current flows through the PN junction diode (body
diode) parasitizing the MOSFET, device properties will
be deteriorated. In detail, if an electric current flows
through the PN junction diode, and if the MOSFET has
a crystal defect area, there is a fear that an electron and
a hole will be recombined together in the crystal defect
area, and the crystal defect area will be enlarged.
[0003] Especially in an SiC MOSFET made of an SiC-
based semiconducting material, if an electric current
flows through a PN junction diode, a forward direction
deterioration (hereinafter, referred to simply as a "forward
deterioration") will be caused. In more detail, it is known
that an SiC semiconductor crystal has a crystal defect
that is called "BPD (Basal Plane Dislocation)." The crystal
structure of a BPD part is characterized in that the band
gap of its crystal is smaller than the original band gap of
an SiC semiconductor, unlike the crystal structure of the
other parts. Therefore, the BPD part is liable to become
a recombination center of an electron and a hole. There-
fore, if a forward current flows through a PN junction part,
BPD will be enlarged, and will cause a stacking fault. As
a result, the on-resistance of the SiC MOSFET will be
increased.
[0004] Therefore, in order to prevent an electric current
from flowing through the PN junction diode, a proposal
has been made to provide a circuit structure in which a
Schottky barrier diode whose operating voltage is lower
than that of the PN junction diode is connected in parallel
to the PN junction diode .

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005] Patent Document 1: Japanese Published Un-
examined Patent Application No. 2006-310790

BRIEF SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] However, even when such a circuit structure in

which the Schottky barrier diode is connected in parallel
thereto is employed, a phenomenon in which an electric
current flows through a PN junction diode has occurred.
The inventor of the present application has discovered
that this phenomenon is caused by a parasitic inductance
of a current path passing through the Schottky barrier
diode. In other words, when an electric current starts flow-
ing through the Schottky barrier diode, a counter electro-
motive force is generated by a parasitic inductance of a
current pathpassing through the Schottky barrier diode.
When this counter electromotive force reaches a forward
voltage of the PN junction diode connected in parallel to
the Schottky barrier diode, an electric current flows
through the PN junction diode.
[0007] It is an object of the present invention to provide
an electronic circuit capable of restraining an electric cur-
rent from flowing through a bipolar device.

MEANS FOR SOLVING THE PROBLEMS

[0008] The electronic circuit of the present invention
includes a bipolar device, a unipolar device connected
in parallel to the bipolar device, and an output line con-
nected to the bipolar device and to the unipolar device.
An inductance between the unipolar device and the out-
put line is smaller than an inductance between the bipolar
device and the output line.
[0009] The aforementioned or other objects, features,
and effects of the present invention will be clarified by
the following description of embodiments with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

[FIG. 1] FIG. 1 is an electric circuit diagram showing
an inverter circuit according to a first embodiment of
the present invention.
[FIG. 2] FIG. 2 is a schematic plan view showing an
internal structure of a module of FIG. 1.
[FIG. 3] FIG. 3 is a schematic side view showing an
internal structure of a package of FIG. 2.
[FIG. 4] FIG. 4 is an electric circuit diagram showing
an inverter circuit according to a second embodiment
of the present invention.
[FIG. 5] FIG. 5 is an electric circuit diagram showing
an inverter circuit according to a third embodiment
of the present invention.
[FIG. 6] FIG. 6 is an electric circuit diagram showing
an inverter circuit according to a fourth embodiment
of the present invention.
[FIG. 7] FIG. 7 is an electric circuit diagram showing
a converter circuit according to a fifth embodiment
of the present invention.
[FIG. 8] FIG. 8 is an electric circuit diagram showing
a converter circuit according to a sixth embodiment
of the present invention.
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MODES FOR CARRYING OUT THE INVENTION

[0011] An embodiment of the present invention pro-
vides an electronic circuit that includes a bipolar device,
a unipolar device connected in parallel to the bipolar de-
vice, and an output line connected to the bipolar device
and to the unipolar device. An inductance between the
unipolar device and the output line is smaller than an
inductance between the bipolar device and the output
line. The bipolar device may be a PN junction diode. The
unipolar device may be a Schottky barrier diode.
[0012] A connection mode in which the bipolar device
and the output line are connected together may be either
a first connection mode or a second connection mode as
follows. In the first connection mode, the bipolar device
is connected to the unipolar device by means of a con-
nection line, and the unipolar device is connected to the
output line by means of another connection line. In the
second connection mode, the bipolar device is connected
to the output line without being connected to the unipolar
device. In other words, the bipolar device and the unipolar
device are connected to the output line by means of each
individual connection line.
[0013] In the first connection mode, there exists an in-
ductance by the connection line between the bipolar de-
vice and the unipolar device, and there exists an induct-
ance by the connection line between the unipolar device
and the output line . Therefore, the inductance between
the unipolar device and the output line is smaller than
the inductance between the bipolar device and the output
line. In the first connection mode, when an electric current
flows through the unipolar device, a counter electromo-
tive force is generated by the inductance between the
unipolar device and the output line. However, the bipolar
device is connected to the unipolar device, and therefore
merely a voltage equivalent to the operating voltage of
the unipolar device (i.e., equivalent to a forward voltage
in a Schottky barrier diode) is applied to the bipolar de-
vice. The operating voltage of the bipolar device is lower
than the operating voltage of the unipolar device, and
therefore the current does not flow through the bipolar
device. Therefore, a crystal defect area can be restrained
from expanding even if the crystal defect area exists in
the bipolar device.
[0014] Likewise, in the second connection mode, when
an electric current flows through the unipolar device, a
counter electromotive force is generated by an induct-
ance by the connection line between the unipolar device
and the output line . However, the inductance by the con-
nection line between the unipolar device and the output
line is smaller than the inductance between the bipolar
device and the output line, and therefore the counter elec-
tromotive force generated by the smaller inductance be-
tween the unipolar device and the output line is absorbed
by the greater inductance between the bipolar device and
the output line. Therefore, the current does not flow
through the bipolar device. Therefore, a crystal defect
area can be restrained from expanding even if the crystal

defect area exists in the bipolar device.
[0015] In one embodiment of the present invention, the
bipolar device is an SiC semiconductor device made of
a semiconducting material that chiefly includes SiC. The
SiC semiconductor device has a crystal defect that is
called "BPD (Basal Plane Dislocation), " and therefore,
if a forward current flows through the PN junction part,
BPD will expand, and a stacking fault will be caused. In
this arrangement, if an electric current flows through the
unipolar device, the current can be restrained from flow-
ing through the SiC semiconductor device (i.e., PN junc-
tion part) that is a bipolar device. As a result, BPD that
exists in the SiC semiconductor device can be restrained
from expanding.
[0016] In one embodiment of the present invention, a
counter electromotive force generated by the inductance
between the unipolar device and the output line is 2.0 V
or more. It is conceivable that the operating voltage of
the bipolar device (for example, the forward voltage of
the PN junction diode) is about 2.0 V. Therefore, if the
counter electromotive force generated by the inductance
between the unipolar device and the output line is less
than 2.0 V, an electric current does not flow through the
bipolar device in actual fact. Therefore, if the electromo-
tive force generated by the inductance between the un-
ipolar device and the output line is 2.0 V or more, a sub-
stantial effect of the present invention can be obtained.
[0017] In one embodiment of the present invention, the
bipolar device includes a PN junction diode, and the un-
ipolar device includes a Schottky barrier diode.
[0018] When an electric current flows through the
Schottky barrier diode, a counter electromotive force is
generated by an inductance between the Schottky barrier
diode and the output line. In the first connection mode
mentioned above, the PN junction diode is connected to
the Schottky barrier diode, and therefore only a voltage
equivalent to the forward voltage of the Schottky barrier
diode is applied to the PN junction diode. The forward
voltage of the PN junction diode is lower than the forward
voltage of the Schottky barrier diode, and therefore the
current does not flow through the PN junction diode.
[0019] In the second connection mode, the inductance
between the Schottky barrier diode and the output line
is smaller than the inductance between the PN junction
diode and the output line. Therefore, a counter electro-
motive force generated by the inductance between the
Schottky barrier diode and the output line is absorbed by
the inductance between the PN junction diode and the
output line. Therefore, the current does not flow through
the PN junction diode.
[0020] In one embodiment of the present invention, the
electronic circuit further includes a connection metal
member through which an anode of the PN junction diode
is connected to an anode of the Schottky barrier diode
and that is parasitized by an inductance, and the anode
of the Schottky barrier diode is connected to the output
line. The connection metal member may be a wire, a
ribbon, or a frame.
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[0021] When an electric current flows through the
Schottky barrier diode, a counter electromotive force is
generated by an inductance between the Schottky barrier
diode and the output line. However, the anode of the PN
junction diode is connected to the anode of the Schottky
barrier diode by means of the connection metal member,
and therefore only a voltage equivalent to the forward
voltage of the Schottky barrier diode is applied to the PN
junction diode. The forward voltage of the Schottky bar-
rier diode is lower than the forward voltage of the PN
junction diode, and therefore the current does not flow
through the PN junction diode.
[0022] In one embodiment of the present invention, the
electronic circuit further includes a connection metal
member through which a cathode of the PN junction di-
ode is connected to a cathode of the Schottky barrier
diode and that is parasitized by an inductance, and the
cathode of the Schottky barrier diode is connected to the
output line.
[0023] When an electric current flows through the
Schottky barrier diode, a counter electromotive force is
generated by an inductance between the Schottky barrier
diode and the output line. However, the cathode of the
PNjunction diode is connected to the cathode of the
Schottky barrier diode by means of the connection metal
member, and therefore only a voltage equivalent to the
forward voltage of the Schottky barrier diode is applied
to the PN junction diode. The forward voltage of the
Schottky barrier diode is lower than the forward voltage
of the PN junction diode, and therefore the current does
not flow through the PN junction diode.
[0024] In one embodiment of the present invention, the
PN junction diode is connected in inverse parallel to a
switching device.
[0025] In one embodiment of the present invention, the
switching device is a MOSFET, and the PN junction diode
is built in the MOSFET. In this arrangement, an electric
current can be restrained from flowing through the PN
junction diode built in the MOSFET, and therefore a for-
ward direction deterioration of the MOSFET can be pre-
vented.
[0026] In one embodiment of the present invention, the
electronic circuit further includes a connection metal
member through which a source of the MOSFET is con-
nected to the anode of the Schottky barrier diode and
that is parasitized by an inductance, and the anode of
the Schottky barrier diode is connected to the output line.
[0027] When an electric current flows through the
Schottky barrier diode, a counter electromotive force is
generated by an inductance between the Schottky barrier
diode and the output line. However, the source of the
MOSFET is connected to the anode of the Schottky bar-
rier diode by means of the connection metal member,
and therefore only a voltage equivalent to the operating
voltage of the Schottky barrier diode is applied to the PN
junction diode built in the MOSFET. The forward voltage
of the Schottky barrier diode is lower than the forward
voltage of the PN junction diode, and therefore the current

does not flow through the PN junction diode. Therefore,
a forward direction deterioration of the MOSFET can be
prevented.
[0028] The electronic circuit may further include a con-
nection metal member through which the anode of the
Schottky barrier diode is connected to the output line and
that is parasitized by an inductance. Additionally, the con-
nection metal member through which the source of the
MOSFET is connected to the anode of the Schottky bar-
rier diode and the connection metal member through
which the anode of the Schottky barrier diode is connect-
ed to the output line may be continuously connected to-
gether.
[0029] In one embodiment of the present invention, the
electronic circuit further includes a connection metal
member through which a drain of the MOSFET is con-
nected to the cathode of the Schottky barrier diode and
that is parasitized by an inductance, and the cathode of
the Schottky barrier diode is connected to the output line.
[0030] When an electric current flows through the
Schottky barrier diode, a counter electromotive force is
generated by an inductance between the Schottky barrier
diode and the output line. However, the drain of the MOS-
FET is connected to the cathode of the Schottky barrier
diode by means of the connection metal member, and
therefore only a voltage equivalent to the forward voltage
of the Schottky barrier diode is applied to the PN junction
diode built in the MOSFET. The forward voltage of the
Schottky barrier diode is lower than the forward voltage
of the PN junction diode, and therefore the current does
not flow through the PN junction diode. Therefore, a for-
ward direction deterioration of the MOSFET can be pre-
vented.
[0031] In one embodiment of the present invention, the
connection metal member includes a wire. A ribbon and
a frame can be mentioned as other examples of the con-
nection metal member . The wire is a linear connection
member, and the ribbon is a belt-like connection member.
Generally, these members are metallic members that are
flexible. The frame is a plate-like metallic member that is
less flexible.
[0032] Embodiments of the present invention will be
hereinafter described in detail with reference to the ac-
companying drawings .
[0033] FIG. 1 is an electric circuit diagram showing an
inverter circuit 1 according to a first embodiment of the
present invention.
[0034] The inverter circuit 1 includes a first module 2
and a second module 3. The first module 2 is composed
of a first power source terminal 41, a second power
source terminal 43, two gate terminals 44 and 45, and
an output terminal 42. The second module 3 is composed
of a first power source terminal 46, a second power
source terminal 48, two gate terminals 49 and 50, and
an output terminal 47. The first power source terminals
41 and 46 of the modules 2 and 3 are connected to a
positive electrode terminal of a power source (DC power
source) 15 through a first output line 17. An inductive
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load 16 is disposed between the output terminals 42 and
47 of the modules 2 and 3, and is connected to the output
terminals 42 and 47 through a second output line 18. The
second power source terminals 43 and 48 of the modules
2 and 3 are connected to a negative electrode terminal
of the power source 15 through a third output line 19. A
control unit (not shown) is connected to the gate terminals
44, 45, and 49, 50 of the modules 2 and 3, respectively.
[0035] The first module 2 includes a first high-side
MOSFET 11 and a second low-side MOSFET 12 that is
connected in series to the first MOSFET 11. The MOS-
FETs 11 and 12 have a first PN junction diode (body
diode) 11a built in and a second PN junction diode 12a
built in, respectively. Each of these PN junction diodes
11a and 12a is a bipolar device. An anode of each of the
PN junction diodes 11a and 12a is electrically connected
to a corresponding source of each of the MOSFETs 11
and 12, whereas a cathode thereof is electrically con-
nected to a corresponding drain of each of the MOSFETs
11 and 12.
[0036] A first Schottky barrier diode 21 that is a unipolar
device and a second Schottky barrier diode 22 that is a
unipolar device are connected in parallel to the MOS-
FETs 11 and 12, respectively. In other words, Schottky
barrier diodes 21 and 22 each of which is a unipolar de-
vice are connected in parallel to the PN junction diodes
11a and 12a each of which is a bipolar device.
[0037] The drain of the first MOSFET 11 is connected
to the first power source terminal 41 of the first module
2. The cathode of the first Schottky barrier diode 21 is
connected to the drain of the first MOSFET 11 (i.e., to
the cathode of the first PN junction diode 11a) . The
source of the first MOSFET 11 (i.e., the anode of the first
PN junction diode 11a) is connected to the anode of the
first Schottky barrier diode 21 through a connection metal
member 31. The anode of the first Schottky barrier diode
21 is connected to the output terminal 42 of the first mod-
ule 2 through another connection metal member 32. In
other words, the anode of the first Schottky barrier diode
21 is connected to the second output line 18 through the
connection metal member 32.
[0038] Inductances L1 and L2 (L1>0, L2>0) parasitize
the connection metal members 31 and 32, respectively.
Therefore, the inductance (L1+L2) between the first PN
junction diode 11a and the second output line 18 is great-
er than the inductance L2 between the first Schottky bar-
rier diode 21 and the second output line 18.
[0039] The drain of the second MOSFET 12 is con-
nected to the output terminal 42 of the first module 2. The
cathode of the second Schottky barrier diode 22 is con-
nected to the drain of the second MOSFET 12 (i.e., to
the cathode of the second PN junction diode 12a) . The
source of the second MOSFET 12 (i.e., the anode of the
second PN junction diode 12a) is connected to the anode
of the second Schottky barrier diode 22 through the con-
nection metal member 33. The anode of the second
Schottky barrier diode 22 is connected to the second
power source terminal 43 of the first module 2 through

the connection metal member 34. In other words, the
anode of the second Schottky barrier diode 22 is con-
nected to the third output line 19 through the connection
metal member 34.
[0040] Inductances L3 and L4 (L3>0, L4>0) parasitize
the connection metal members 33 and 34, respectively.
Therefore, the inductance (L3+L4) between the second
PN junction diode 12a and the third output line 19 is great-
er than the inductance L4 between the second Schottky
barrier diode 22 and the third output line 19.
[0041] The second module 3 includes a third high-side
MOSFET 13 and a fourth low-side MOSFET 14 that is
connected in series to the third MOSFET 13. The MOS-
FETs 13 and 14 have third and fourth PN junction diodes
13a and 14a (body diodes) built in, respectively. Each of
these PN junction diodes 13a and 14a is a bipolar device.
An anode of each of the PN junction diodes 13a and 14a
is electrically connected to a corresponding source of
each of the MOSFETs 13 and 14, whereas a cathode
thereof is electrically connected to a corresponding drain
of each of the MOSFETs 13 and 14.
[0042] Third and fourth Schottky barrier diodes 23 and
24 are connected in parallel to the MOSFETs 13 and 14,
respectively. In other words, Schottky barrier diodes 23
and 24 each of which is a unipolar device are connected
in parallel to the PN junction diodes 13a and 14a each
of which is a bipolar device.
[0043] The drain of the third MOSFET 13 is connected
to the first power source terminal 46 of the second module
3. The cathode of the third Schottky barrier diode 23 is
connected to the drain of the third MOSFET 13 (i.e., to
the cathode of the third PN junction diode 13a) . The
source of the third MOSFET 13 (i.e., the anode of the
third PN junction diode 13a) is connected to the anode
of the third Schottky barrier diode 23 through a connec-
tion metal member 35. The anode of the third Schottky
barrier diode 23 is connected to the output terminal 47
of the second module 3 through another connection met-
al member 36. In other words, the anode of the third
Schottky barrier diode 23 is connected to the second out-
put line 18 through the connection metal member 36.
[0044] Inductances L5 and L6 (L5>0, L6>0) parasitize
the connection metal members 35 and 36, respectively.
Therefore, the inductance (L5+L6) between the third PN
junction diode 13a and the second output line 18 is great-
er than the inductance L6 between the third Schottky
barrier diode 23 and the second output line 18.
[0045] The drain of the fourth MOSFET 14 is connect-
ed to the output terminal 47 of the second module 3. The
cathode of the fourth Schottky barrier diode 24 is con-
nected to the drain of the fourth MOSFET 14 (i.e., to the
cathode of the fourth PN junction diode 14a) . The source
of the fourth MOSFET 14 (i.e., the anode of the fourth
PN junction diode 14a) is connected to the anode of the
fourth Schottky barrier diode 24 through the connection
metal member 37. The anode of the fourth Schottky bar-
rier diode 24 is connected to the second power source
terminal 48 of the second module 3 through the connec-
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tion metal member 38. In other words, the anode of the
fourth Schottky barrier diode 24 is connected to the third
output line 19 through the connection metal member 38.
[0046] Inductances L7 and L8 (L7>0, L8>0) parasitize
the connection metal members 37 and 38, respectively.
Therefore, the inductance (L7+L8) between the fourth
PN junction diode 14a and the third output line 19 is great-
er than the inductance L8 between the fourth Schottky
barrier diode 24 and the third output line 19.
[0047] Each of the first to fourthMOSFETs 11 to 14 is,
for example, an SiC device in which SiC (silicon carbide)
that is an example of a compound semiconductor is used
as a semi conducting material . The forward voltage Vf1
of each of the Schottky barrier diodes 21 to 24 is lower
than the forward voltage Vf2 of each of the PN junction
diodes 11a to 14a. The forward voltage Vf2 of each of
the PN junction diodes 11a to 14a is, for example, 2.0 V.
On the other hand, the forward voltage Vf1 of each of the
Schottky barrier diodes 21 to 24 is, for example, 1.0 V.
[0048] FIG. 2 is a schematic plan view showing an in-
ternal structure of the module 2 of FIG. 1. FIG. 3 is a
schematic side view showing an internal structure of a
package 4 of FIG. 2.
[0049] The module 2 includes an insulating substrate
8, two packages 4 and 5 fixed onto the insulating sub-
strate 8, and a case (not shown) that is fixed to one sur-
face of the insulating substrate 8 and that contains the
two packages 4 and 5. The insulating substrate 8 has
the shape of a rectangle when viewed planarly. Each of
the packages 4 and 5 is formed in a substantially rectan-
gular shape when viewed planarly. The two packages 4
and 5 are arranged side by side in the longitudinal direc-
tion of the insulating substrate 8.
[0050] Referring to FIG. 2 and FIG. 3, the package 4
includes a die pad 51, a gate lead 52, a source lead 53,
the first MOSFET 11, the first Schottky barrier diode 21,
and a molding resin 57 by which these components are
sealed up. The die pad 51 has the shape of the capital
letter T when viewed planarly, and has a rectangular body
part and a lead part that protrudes substantially from the
center of one side of the body part. A forward end of the
lead part protrudes from the molding resin 57. The gate
lead 52 and the source lead 53 are disposed in parallel
with the lead part of the die pad 51 with the lead part of
the die pad 51 therebetween. An end of each of the gate
lead 52 and the source lead 53 protrudes from the mold-
ing resin 57. Each of the die pad 51, the gate lead 52,
and the source lead 53 has the shape of a plate made
of, for example, copper or aluminum.
[0051] The first MOSFET 11 and the first Schottky bar-
rier diode 21 are arranged side by side on a surface of
the body part of the die pad 51 along one side of the body
part. The first MOSFET 11 and the first Schottky barrier
diode 21 are mounted on one surface of the die pad 51
by die bonding. The first MOSFET 11 has a drain elec-
trode 11D on its surface that faces the die pad, and this
drain electrode 11D is joined to the die pad 51 by means
of a conductive solder material. The first MOSFET 11

has a source electrode 11s and a gate electrode 11G on
its surface that is on the side opposite to the die pad 51.
[0052] The first Schottky barrier diode 21 has a cath-
ode electrode 21K on its surface that faces the die pad
51, and this cathode electrode 21K is joined to the die
pad 51 by means of a conductive solder material. The
first Schottky barrier diode 21 has an anode electrode
21A on its surface that is on the side opposite to the die
pad 51.
[0053] The gate electrode 11G of the first MOSFET 11
is electrically connected to the gate lead 52 by means of
a bonding wire (i.e., a connection metal member) 39. The
source electrode 11s of the first MOSFET 11 is electrically
connected to the anode electrode 21A of the first Schottky
barrier diode 21 by means of the bonding wire (i.e., the
connection metal member) 31. The anode electrode 21A
of the first Schottky barrier diode 21 is electrically con-
nected to the source lead 53 by means of the bonding
wire (i.e., the connection metal member) 32.
[0054] Wire bonding in which the source electrode 11s
of the first MOSFET 11 is connected to the anode elec-
trode 21A of the first Schottky barrier diode 21 and wire
bonding in which the anode electrode 21A of the first
Schottky barrier diode 21 is connected to the source lead
53 may be performed according to a stitch bonding meth-
od. In other words, it is permissible to perform the con-
nection of the components to each other according to
stitch bonding in which either one of the source lead 53
and the source electrode 11s of the first MOSFET 11 is
used as a starting point, and the remaining one thereof
is used as a terminal point, and the anode electrode 21A
of the first Schottky barrier diode 21 is used as a relay
point. The bonding wires 31, 32, and 39 are wires made
chiefly of, for example, Al, Au, or Cu.
[0055] Referring to FIG. 2, the other package 5 in-
cludes a die pad 54, a gate lead 55, a source lead 56,
the second MOSFET 12, the second Schottky barrier di-
ode 22, and a molding resin 58 by which these compo-
nents are sealed up. The die pad 54 has the shape of
the capital letter T when viewed planarly, and has a rec-
tangular body part and a lead part that protrudes sub-
stantially from the center of one side of the body part. A
forward end of the lead part protrudes from the molding
resin 58. The gate lead 55 and the source lead 56 are
disposed in parallel with the lead part of the die pad 54
with the lead part of the die pad 54 therebetween. An end
of each of the gate lead 55 and the source lead 56 pro-
trudes from the molding resin 58. Each of the die pad 54,
the gate lead 55, and the source lead 56 has the shape
of a plate made of, for example, copper or aluminum.
[0056] The second MOSFET 12 and the second
Schottky barrier diode 22 are arranged side by side on
a surface of the body part of the die pad 54 along one
side of the body part. The second MOSFET 12 and the
second Schottky barrier diode 22 are mounted on one
surface of the die pad 54 by die bonding. The second
MOSFET 12 has a drain electrode on its surface that
faces the die pad 54, and this drain electrode is joined
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to the die pad 54 by means of a conductive solder ma-
terial. The second MOSFET 12 has a source electrode
12s and a gate electrode 12G on its surface that is on the
side opposite to the die pad 54.
[0057] The second Schottky barrier diode 22 has a
cathode electrode on its surface that faces the die pad
54, and this cathode electrode is joined to the die pad 54
by means of a conductive solder material. The second
Schottky barrier diode 22 has an anode electrode 22A
on its surface that is on the side opposite to the die pad 54.
[0058] The gate electrode 12G of the second MOSFET
12 is electrically connected to the gate lead 55 by means
of a bonding wire (i. e., a connection metal member) 40.
The source electrode 12s of the second MOSFET 12 is
electrically connected to the anode electrode 22A of the
second Schottky barrier diode 22 by means of the bond-
ing wire (i.e., the connection metal member) 33. The an-
ode electrode 22A of the second Schottky barrier diode
22 is electrically connected to the source lead 56 by
means of the bonding wire (i.e., the connection metal
member) 34.
[0059] Wire bonding in which the source electrode 12s
of the second MOSFET 12 is connected to the anode
electrode 22A of the second Schottky barrier diode 22
and wire bonding in which the anode electrode 22A of
the second Schottky barrier diode 22 is connected to the
source lead 56 may be performed according to a stitch
bonding method. In other words, it is permissible to per-
form the connection of the components to each other
according to stitch bonding in which either one of the
source lead 56 and the source electrode 12s of the sec-
ond MOSFET 11 is used as a starting point, and the re-
maining one thereof is used as a terminal point, and the
anode electrode 22A of the second Schottky barrier diode
22 is used as a relay point. The bonding wires 33, 34,
and 40 are wires made chiefly of, for example, Al, Au, or
Cu.
[0060] The source lead 56 of the package 4 and the
lead part of the die pad 54 of the package 5 are electrically
connected together by means of a belt-like metallic pat-
tern 59 having the shape of the capital letter U when
viewed planarly. The metallic pattern 59 is a thin film wire
made of, for example, copper or aluminum, and is formed
on a surface of the insulating substrate 8.
[0061] The gate lead 52 of the package 4 is connected
to the gate terminal 44. The gate terminal 44 is drawn
out of the case of the module 2. The lead part of the die
pad 51 of the package 4 is connected to the first power
source terminal 41. The first power source terminal 41 is
drawn out of the case of the module 2. The power source
15 is connected to the first power source terminal 41.
The metallic pattern 59 is connected to the output termi-
nal 42. The output terminal 42 is drawn out of the case
of the module 2.
[0062] The gate lead 55 of the package 5 is connected
to the gate terminal 45. The gate terminal 45 is drawn
out of the case of the module 2. The source lead 56 of
the package 5 is connected to the second power source

terminal 43. The second power source terminal 43 is
drawn out of the case of the module 2. The second power
source terminal 43 is grounded (i.e., is connected to a
negative electrode of the power source 15) .
[0063] The internal structure of the second module 3
is the same as the internal structure of the first module
2, and therefore a description of its structure is omitted.
[0064] Referring back to FIG. 1, in the thus formed in-
verter circuit 1, the first MOSFET 11 and the fourth MOS-
FET 14 are turned on, for example. Thereafter, the MOS-
FETs 11 and 14 are turned off, and, as a result, all of the
MOSFETs 11 to 14 are brought into an OFF state . When
a predetermined dead time period elapses, the second
MOSFET 12 and the third MOSFET 13 are, this time,
turned on. Thereafter, the MOSFETs 12 and 13 are
turned off, and, as a result, all of the MOSFETs 11 to 14
are brought into an OFF state . When a predetermined
dead time period elapses, the first MOSFET 11 and the
fourth MOSFET 14 are turned on again. This operation
is repeatedly performed, and, as a result, the load 16 is
driven in an AC manner.
[0065] When the first MOSFET 11 and the fourth MOS-
FET 14 are turned on, an electric current flows from a
positive electrode of the power source 15 toward the third
output line 19 through the first output line 17, the first
MOSFET 11, the connection metal member 31, the con-
nection metal member 32, the second output line 18, the
load 16, the second output line 18, the fourth MOSFET
14, the connection metal member 37, and the connection
metal member 38. In this case, the current flows through
the load 16 in a direction shown by arrow "A."
[0066] When all of the MOSFETs 11 to 14 are brought
into an OFF state from this state, the inductance of the
inductive load 16 attempts to maintain an electric current
flowing through the load 16 (i.e., maintain the current
flowing in the direction shown by arrow "A") . Therefore,
the current flows through the connection metal wire 34,
the second Schottky barrier diode 22, the load 16, the
connection metal wire 36, and the third Schottky barrier
diode 23 in the direction from the connection metal wire
34 toward the third Schottky barrier diode 23. As a result,
the current flows through the connection metal wire 34
and the connection metal wire 36.
[0067] When the current flows through the connection
metal wire 34, a counter electromotive force is generated
by an inductance L4 parasitizing this metal wire. Howev-
er, the voltage of this counter electromotive force is not
applied to the second PN junction diode 12a. The reason
is that the anode of the second PN junction diode 12a is
connected to the anode of the second Schottky barrier
diode 22 by means of the connection metal wire 33. Only
a voltage equivalent to the forward voltage Vf1 of the
second Schottky barrier diode 22 is applied to the second
PN junction diode 12a. In other words, the second PN
junction diode 12a does not receive a voltage greater
than its forward voltage Vf2. Therefore, the current does
not flow through the second PN junction diode 12a.
[0068] Likewise, when an electric current flows through
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the connection metal wire 36, a counter electromotive
force is generated by an inductance L6 parasitizing this
metal wire. However, the voltage of this counter electro-
motive force is not applied to the third PN junction diode
13a. The reason is that the anode of the third PN junction
diode 13a is connected to the anode of the third Schottky
barrier diode 23 by means of the connection metal wire
35. Only a voltage equivalent to the forward voltage Vf1
of the third Schottky barrier diode 23 is applied to the
third PN junction diode 13a. In other words, the third PN
junction diode 13a does not receive a voltage greater
than its forward voltage Vf2. Therefore, the current does
not flow through the third PN junction diode 13a.
[0069] When the second MOSFET 12 and the third
MOSFET 13 are turned on, an electric current flows from
the positive electrode of the power source 15 toward the
third output line 19 through the first output line 17, the
third MOSFET 13, the connection metal member 35, the
connection metal member 36, the second output line 18,
the load 16, the second output line 18, the second MOS-
FET 12, the connection metal member 33, and the con-
nection metal member 34. In this case, the current flows
through the load 16 in a direction shown by arrow B.
[0070] When all of the MOSFETs 11 to 14 are brought
into an OFF state in this state, the inductance of the in-
ductive load 16 attempts to maintain an electric current
flowing through the load 16 (i.e., maintain the current
flowing in the direction shown by arrow B). Therefore,
the current flows through the connection metal wire 38,
the fourth Schottky barrier diode 24, the load 16, the con-
nection metal wire 32, and the first Schottky barrier diode
21 in the direction from the connection metal wire 38 to-
ward the first Schottky barrier diode 21. As a result, the
current flows through the connection metal wire 38 and
the connection metal wire 32.
[0071] When the current flows through the connection
metal wire 38, an electromotive force is generated by an
inductance L8 parasitizing this metal wire. However, the
voltage of this counter electromotive force is not applied
to the fourth PN junction diode 14a. The reason is that
the anode of the fourth PN junction diode 14a is connect-
ed to the anode of the fourth Schottky barrier diode 24
by means of the connection metal wire 37. Only a voltage
equivalent to the forward voltage Vf1 of the fourth
Schottky barrier diode 24 is applied to the fourth PN junc-
tion diode 14a. In other words, the fourth PN junction
diode 14a does not receive a voltage greater than its
forward voltage Vf2. Therefore, the current does not flow
through the fourth PN junction diode 14a.
[0072] Likewise, when the current flows through the
connection metal wire 32, an electromotive force is gen-
erated by an inductance L2 parasitizing this metal wire.
However, the voltage of this counter electromotive force
is not applied to the first PN junction diode 11a. The rea-
son is that the anode of the first PN junction diode 11a
is connected to the anode of the first Schottky barrier
diode 21 by means of the connection metal wire 31. Only
a voltage equivalent to the forward voltage Vf1 of the first

Schottky barrier diode 21 is applied to the first PN junction
diode 11a. In other words, the first PN junction diode 11a
does not receive a voltage greater than its forward volt-
age Vf2. Therefore, the current does not flow through the
first PN junction diode 11a.
[0073] As described above, in the first embodiment, an
electric current can be restrained from flowing through
the PN junction diodes 11a to 14a built in the MOSFETs
11 to 14, respectively, during a dead time period. There-
fore, a forward direction deterioration of the MOSFETs
11 to 14 can be prevented. FIG. 4 is an electric circuit
diagram showing an inverter circuit 1A according to a
second embodiment of the present invention. In FIG. 4,
the same reference numeral as in FIG. 1 is given to a
component corresponding to each component shown in
FIG. 1.
[0074] In the first embodiment mentioned above, the
drain electrode of each of the MOSFETs 11 to 14 and
the cathode electrode of each of the Schottky barrier di-
odes 21 to 24 are joined to the die pad in each package
as in the package 4 of FIG. 3. On the other hand, in the
second embodiment, the source electrode of each of the
MOSFETs 11 to 14 and the anode electrode of each of
the Schottky barrier diodes 21 to 24 are joined to the die
pad in each package. Therefore, in each package, the
drain electrode is formed on a surface of each of the
MOSFETs 11 to 14 that is on the side opposite to the die
pad, and the cathode electrode is formed on a surface
of each of the Schottky barrier diodes 21 to 24 that is on
the side opposite to the die pad.
[0075] Referring to FIG. 4, the source of the first MOS-
FET 11 (i.e., the anode of the first PN junction diode 11a)
and the anode of the first Schottky barrier diode 21 are
connected to an output terminal 42 of a first module 2A.
The drain of the first MOSFET 11 (i.e., the cathode of the
first PN junction diode 11a) is connected to the cathode
of the first Schottky barrier diode 21 by means of a con-
nection metal member 31A parasitized by an inductance
L1. The cathode of the first Schottky barrier diode 21 is
connected to a first power source terminal 41 of the first
module 2A by means of a connection metal member 32A
parasitized by an inductance L2. In other words, the cath-
ode of the first Schottky barrier diode 21 is connected to
the first output line 17 through the connection metal mem-
ber 32A parasitized by the inductance L2.
[0076] The source of the second MOSFET 12 (i.e., the
anode of the second PN junction diode 12a) and the an-
ode of the second Schottky barrier diode 22 are connect-
ed to a second power source terminal 43 of the first mod-
ule 2A. The drain of the second MOSFET 12 (i.e., the
cathode of the second PN junction diode 12a) is connect-
ed to the cathode of the second Schottky barrier diode
22 by means of a connection metal member 33A para-
sitized by an inductance L3. The cathode of the second
Schottky barrier diode 22 is connected to the output ter-
minal 42 of the first module 2A by means of a connection
metal member 34A parasitized by an inductance L4. In
other words, the cathode of the second Schottky barrier
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diode 22 is connected to the second output line 18
through the connection metal member 34A parasitized
by the inductance L4.
[0077] The source of the third MOSFET 13 (i.e., the
anode of the third PN junction diode 13a) and the anode
of the third Schottky barrier diode 23 are connected to
an output terminal 47 of a second module 3A. The drain
of the third MOSFET 13 (i.e., the cathode of the third PN
junction diode 13a) is connected to the cathode of the
third Schottky barrier diode 23 by means of a connection
metal member 35A parasitized by an inductance L5. The
cathode of the third Schottky barrier diode 23 is connect-
ed to a first power source terminal 46 of the second mod-
ule 3A by means of a connection metal member 36A
parasitized by an inductance L6. In other words, the cath-
ode of the third Schottky barrier diode 23 is connected
to the first output line 17 through the connection metal
member 36A parasitized by the inductance L6.
[0078] The source of the fourth MOSFET 14 (i.e., the
anode of the fourth PN junction diode 14a) and the anode
of the fourth Schottky barrier diode 24 are connected to
a second power source terminal 48 of the second module
3A. The drain of the fourth MOSFET 14 (i.e., the cathode
of the fourth PN junction diode 14a) is connected to the
cathode of the fourth Schottky barrier diode 24 by means
of a connection metal member 37A parasitized by an
inductance L7. The cathode of the fourth Schottky barrier
diode 24 is connected to the output terminal 47 of the
second module 3A by means of a connection metal mem-
ber 38A parasitized by an inductance L8. In other words,
the cathode of the fourth Schottky barrier diode 24 is
connected to the second output line 18 through the con-
nection metal member 38A parasitized by the inductance
L8.
[0079] Although the reference numeral that designates
the inductance is, for convenience, set to be the same
as that of the first embodiment, this does not mean that
the inductances of the connection metal members 31A
to 38A are respectively equal to the inductances of the
connection metal members 31 to 38 mentioned in the
first embodiment.
[0080] When the first MOSFET 11 and the fourth MOS-
FET 14 are turned on, an electric current flows from the
positive electrode of the power source 15 toward the third
output line 19 through the first output line 17, the con-
nection metal member 32A, the connection metal mem-
ber 31A, the first MOSFET 11, the second output line 18,
the load 16, the second output line 18, the connection
metal member 38A, the connection metal member 37A,
and the fourthMOSFET 14. In this case, the current flows
through the load 16 in the direction shown by arrow "A."
[0081] When all of the MOSFETs 11 to 14 are brought
into an OFF state from this state, the inductance of the
inductive load 16 maintains an electric current flowing
through the load 16 (i.e., maintains the current flowing in
the direction shown by arrow "A") . Therefore, the current
flows through the second Schottky barrier diode 22, the
connection metal wire 34A, the load 16, the third Schottky

barrier diode 23, and the connection metal wire 36A in
the direction from the second Schottky barrier diode 22
toward the connection metal wire 36A. As a result, the
current flows through the connection metal wire 34A and
the connection metal wire 36A.
[0082] When the current flows through the connection
metal wire 34A, a counter electromotive force is gener-
ated by the inductance L4 parasitizing this metal wire.
However, the voltage of this counter electromotive force
is not applied to the second PN junction diode 12a. The
reason is that the cathode of the second PN junction di-
ode 12a is connected to the cathode of the second
Schottky barrier diode 22 by means of the connection
metal wire 33A. Only a voltage equivalent to the forward
voltage Vf1 of the second Schottky barrier diode 22 is
applied to the second PN junction diode 12a. In other
words, the second PN junction diode 12a does not re-
ceive a voltage greater than its forward voltage Vf2.
Therefore, the current does not flow through the second
PN junction diode 12a.
[0083] Likewise, when an electric current flows through
the connection metal wire 36A, a counter electromotive
force is generated by the inductance L6 parasitizing this
metal wire. However, the voltage of this counter electro-
motive force is not applied to the third PN junction diode
13a. The reason is that the cathode of the third PN junc-
tion diode 13a is connected to the cathode of the third
Schottky barrier diode 23 by means of the connection
metal wire 35A. Only a voltage equivalent to the forward
voltage Vf1 of the third Schottky barrier diode 23 is ap-
plied to the third PN junction diode 13a. In other words,
the third PN junction diode 13a does not receive a voltage
greater than its forward voltage Vf2. Therefore, the cur-
rent does not flow through the third PN junction diode 13a.
[0084] When the second MOSFET 12 and the third
MOSFET 13 are turned on, an electric current flows from
the positive electrode of the power source 15 toward the
third output line 19 through the first output line 17, the
connection metal member 36A, the connection metal
member 35A, the third MOSFET 13, the second output
line 18, the load 16, the second output line 18, the con-
nection metal member 34A, the connection metal mem-
ber 33A, and the second MOSFET 12. In this case, the
current flows through the load 16 in the direction shown
by arrow B.
[0085] When all of the MOSFETs 11 to 14 are brought
into an OFF state in this state, the inductance of the in-
ductive load 16 maintains an electric current flowing
through the load 16 (i.e., maintains the current flowing in
the direction shown by arrow B). Therefore, the current
flows through the fourth Schottky barrier diode 24, the
connection metal wire 38A, the load 16, the first Schottky
barrier diode 21, and the connection metal wire 32A in
the direction from the fourth Schottky barrier diode 24
toward the connection metal wire 32A. As a result, the
current flows through the connection metal wire 38A and
the connection metal wire 32A.
[0086] When the current flows through the connection
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metal wire 38A, a counter electromotive force is gener-
ated by the inductance L8 parasitizing this metal wire.
However, the voltage of this counter electromotive force
is not applied to the fourth PN junction diode 14a. The
reason is that the cathode of the fourth PN junction diode
14a is connected to the cathode of the fourth Schottky
barrier diode 24 by means of the connection metal wire
37A. Only a voltage equivalent to the forward voltage Vf1
of the fourth Schottky barrier diode 24 is applied to the
fourth PN junction diode 14a. In other words, the fourth
PN junction diode 14a does not receive a voltage greater
than its forward voltage Vf2. Therefore, the current does
not flow through the fourth PN junction diode 14a.
[0087] Likewise, when the current flows through the
connection metal wire 32A, a counter electromotive force
is generated by the inductance L2 parasitizing this metal
wire. However, the voltage of this counter electromotive
force is not applied to the first PN junction diode 11a. The
reason is that the cathode of the first PN junction diode
11a is connected to the cathode of the first Schottky bar-
rier diode 21 by means of the connection metal wire 31A.
Only a voltage equivalent to the forward voltage Vf1 of
the first Schottky barrier diode 21 is applied to the first
PN junction diode 11a. In other words, the first PN junc-
tion diode 11a does not receive a voltage greater than
its forward voltage Vf2. Therefore, the current does not
flow through the first PN junction diode 11a.
[0088] As described above, in the second embodi-
ment, an electric current can be restrained from flowing
through the PN junction diodes 11a to 14a built in the
MOSFETs 11 to 14, respectively, during a dead time pe-
riod in the same way as in the first embodiment. There-
fore, a forward direction deterioration of the MOSFETs
11 to 14 can be prevented.
[0089] FIG. 5 is an electric circuit diagram showing an
inverter circuit 1B according to a third embodiment of the
present invention. In FIG. 5, the same reference numeral
as in FIG. 1 is given to a component corresponding to
each component shown in FIG. 1.
[0090] In the first embodiment mentioned above, each
source of the MOSFETs 11 to 14 (each anode of the PN
junction diodes 11a to 14a) is connected to each corre-
sponding anode of the Schottky barrier diodes 21 to 24
through the connection metal members 31, 33, 35, and
37, respectively.
[0091] On the other hand, in the third embodiment,
each source of the MOSFETs 11 to 14 (each anode of
the PN junction diodes 11a to 14a) is connected to an
output line through connection metal members 31B, 33B,
35B, and 37B parasitized by the inductances L1, L3, L5,
and L7, respectively. Herein, the reference numeral that
designates the inductance is set to be the same as that
of the first embodiment merely for convenience, and this
does not mean that the inductances of the connection
metal members 31B to 38B are respectively equal to the
inductances of the connection metal members 31 to 38
mentioned in the first embodiment.
[0092] The detailed structure is as follows. The source

of the first MOSFET 11 (i.e., the anode of the first PN
junction diode 11a) is connected to the output terminal
42 of the first module 2B through the connection metal
member 31B. In other words, the source of the first MOS-
FET 11 (i.e., the anode of the first PN junction diode 11a)
is connected to the second output line 18 through the
connection metal member 31B.
[0093] The source of the second MOSFET 12 (i.e., the
anode of the second PN junction diode 12a) is connected
to the second power source terminal 43 of the first module
2B through the connection metal member 33B. In other
words, the source of the second MOSFET 12 (i.e., the
anode of the second PN junction diode 12a) is connected
to the third output line 19 through the connection metal
member 33B.
[0094] The source of the third MOSFET 13 (i.e., the
anode of the third PN junction diode 13a) is connected
to the output terminal 47 of the second module 3B through
the connection metal member 35B. In other words, the
source of the third MOSFET 13 (i.e., the anode of the
third PN junction diode 13a) is connected to the second
output line 18 through the connection metal member 35B.
[0095] The source of the fourth MOSFET 14 (i.e., the
anode of the fourth PN junction diode 14a) is connected
to the second power source terminal 48 of the second
module 3B through the connection metal member 37B.
In other words, the source of the fourth MOSFET 14 (i.e.,
the anode of the fourth PN junction diode 14a) is con-
nected to the third output line 19 through the connection
metal member 37B.
[0096] As in the first embodiment, the anodes of the
first and third Schottky barrier diodes 21 and 23 are con-
nected to the second output line 18 through the connec-
tion metal members 32B and 36B parasitized by the in-
ductances L2 and L6, respectively. As in the first embod-
iment, the anodes of the second and fourth Schottky bar-
rier diodes 22 and 24 are connected to the third output
line 19 through the connection metal members 34B and
38B parasitized by the inductances L4 and L8, respec-
tively.
[0097] In the third embodiment, the inductances L1,
L3, L5, and L7 parasitizing the connection metal mem-
bers 31B, 33B, 35B, and 37B are set to be greater than
the inductances L2, L4, L6, and L8 parasitizing the con-
nection metal members 32B, 34B, 36B, and 38B, respec-
tively. In other words, the relations L1>L2, L3>L4, L5>L6,
and L7>L8 are established. For example, if each of the
connection metal members 31B to 38B is a bonding wire,
the inductances L1 to L8 can be adjusted by adjusting
the length of the bonding wire, the diameter of the bond-
ing wire, the loop angle of the bonding wire, etc. The
inductance becomes greater in proportion to an increase
in the length of the bonding wire, in proportion to a de-
crease in the diameter of the bonding wire, or in propor-
tion to an increase in the loop angle of the bonding wire.
[0098] When the first MOSFET 11 and the fourth MOS-
FET 14 are turned on, an electric current flows from the
positive electrode of the power source 15 toward the third
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output line 19 through the first output line 17, the first
MOSFET 11, the connection metal member 31B, the sec-
ond output line 18, the load 16, the second output line
18, the fourth MOSFET 14, and the connection metal
member 37B. In this case, the current flows through the
load 16 in the direction shown by arrow "A."
[0099] When all of the MOSFETs 11 to 14 are brought
into an OFF state from this state, the inductance of the
inductive load 16 maintains an electric current flowing
through the load 16 (i.e., maintains the current flowing in
the direction shown by arrow "A") . Therefore, the current
flows through the connection metal wire 34B, the second
Schottky barrier diode 22, the load 16, the connection
metal wire 36B, and the third Schottky barrier diode 23
in the direction from the connection metal wire 34B to-
ward the third Schottky barrier diode 23. As a result, the
current flows through the connection metal wire 34B and
the connection metal wire 36B.
[0100] When the current flows through the connection
metal wire 34B, a counter electromotive force is gener-
ated by the inductance L4 parasitizing this metal wire.
The counter electromotive force generated by the induct-
ance L4 is supplied to the connection metal wire 33B.
However, the inductance L3 parasitizing the connection
metal wire 33B is greater than the inductance L4, and
therefore the energy of the counter electromotive force
is absorbed by the inductance L3. Therefore, the second
PN junction diode 12a does not receive a voltage greater
than its forward voltage Vf2. Therefore, the current does
not flow through the second PN junction diode 12a.
[0101] Likewise, when the current flows through the
connection metal wire 36B, a counter electromotive force
is generated by the inductance L6 parasitizing this metal
wire. The counter electromotive force generated by the
inductance L6 is supplied to the connection metal wire
35B. However, the inductance L5 parasitizing the con-
nection metal wire 35B is greater than the inductance L6,
and therefore the energy of the counter electromotive
force is absorbed by the inductance L5. Therefore, the
third PN junction diode 13a does not receive a voltage
greater than its forward voltage Vf2. Therefore, the cur-
rent does not flow through the third PN junction diode 13a.
[0102] When the second MOSFET 12 and the third
MOSFET 13 are turned on, an electric current flows from
the positive electrode of the power source 15 toward the
third output line 19 through the first output line 17, the
third MOSFET 13, the connection metal member 35B,
the second output line 18, the load 16, the second output
line 18, the second MOSFET 12, and the connection met-
al member 33B. In this case, the current flows through
the load 16 in the direction shown by arrow B.
[0103] When all of the MOSFETs 11 to 14 are brought
into an OFF state from this state, the inductance of the
inductive load 16 maintains an electric current flowing
through the load 16 (i.e., maintains the current flowing in
the direction shown by arrow B) . Therefore, the current
flows through the connection metal wire 38B, the fourth
Schottky barrier diode 24, the load 16, the connection

metal wire 32B, and the first Schottky barrier diode 21 in
the direction from the connection metal wire 38B toward
the first Schottky barrier diode 21. As a result, the current
flows through the connection metal wire 38B and the con-
nection metal wire 32B.
[0104] When the current flows through the connection
metal wire 38B, a counter electromotive force is gener-
ated by the inductance L8 parasitizing this metal wire.
The counter electromotive force generated by the induct-
ance L8 is supplied to the connection metal wire 37B.
However, the inductance L7 parasitizing the connection
metal wire 37B is greater than the inductance L8, and
therefore the energy of the counter electromotive force
is absorbed by the inductance L7. Therefore, the fourth
PN junction diode 14a does not receive a voltage greater
than its forward voltage Vf2. Therefore, the current does
not flow through the fourth PN junction diode 14a.
[0105] Likewise, when the current flows through the
connection metal wire 32B, a counter electromotive force
is generated by the inductance L2 parasitizing this metal
wire. The counter electromotive force generated by the
inductance L2 is supplied to the connection metal wire
31B. However, the inductance L1 parasitizing the con-
nection metal wire 31B is greater than the inductance L2,
and therefore the energy of the counter electromotive
force is absorbed by the inductance L1. Therefore, the
first PN junction diode 11a does not receive a voltage
greater than its forward voltage Vf2. Therefore, the cur-
rent does not flow through the first PN junction diode 11a.
[0106] As described above, in the third embodiment,
an electric current can be restrained from flowing through
the PN junction diodes 11a to 14a built in the MOSFETs
11 to 14, respectively, during a dead time period in the
same way as in the first embodiment. Therefore, a for-
ward direction deterioration of the MOSFETs 11 to 14
can be prevented.
[0107] FIG. 6 is an electric circuit diagram showing an
inverter circuit 1C according to a fourth embodiment of
the present invention. In FIG. 6, the same reference nu-
meral as in FIG. 1 is given to a component corresponding
to each component shown in FIG. 1.
[0108] In the first embodiment mentioned above, the
drain electrode of each of the MOSFETs 11 to 14 and
the cathode electrode of each of the Schottky barrier di-
odes 21 to 24 are joined to the die pad in each package
as in the package 4 of FIG. 3. On the other hand, in the
fourth embodiment, the source electrode of each of the
MOSFETs 11 to 14 and the anode electrode of each of
the Schottky barrier diodes 21 to 24 are joined to the die
pad in each package. Therefore, in each package, the
drain electrode is formed on the surface of each of the
MOSFETs 11 to 14 that is on the side opposite to the die
pad, and the cathode electrode is formed on the surface
of each of the Schottky barrier diodes 21 to 24 that is on
the side opposite to the die pad.
[0109] Referring to FIG. 6, the source of the first MOS-
FET 11 (i.e., the anode of the first PN junction diode 11a)
and the anode of the first Schottky barrier diode 21 are
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connected to an output terminal 42 of a first module 2C.
The drain of the first MOSFET 11 (i.e., the cathode of the
first PN junction diode 11a) is connected to a first power
source terminal 41 of the first module 2C by means of a
connection metal member 31C parasitized by the induct-
ance L1. The cathode of the first Schottky barrier diode
21 is connected to the first power source terminal 41 of
the first module 2C by means of a connection metal mem-
ber 32C parasitized by the inductance L2. In other words,
the cathode of the first PN junction diode 11a is connect-
ed to the first output line 17 through the connection metal
member 31C, and the cathode of the first Schottky barrier
diode 21 is connected to the first output line 17 through
the connection metal member 32C.
[0110] The source of the second MOSFET 12 (i.e., the
anode of the second PN junction diode 12a) and the an-
ode of the second Schottky barrier diode 22 are connect-
ed to a second power source terminal 43 of the first mod-
ule 2C. The drain of the second MOSFET 12 (i.e., the
cathode of the second PN junction diode 12a) is connect-
ed to an output terminal 42 of the first module 2C by
means of a connection metal member 33C parasitized
by the inductance L3. The cathode of the second
Schottky barrier diode 22 is connected to the output ter-
minal 42 of the first module 2C by means of a connection
metal member 34C parasitized by the inductance L4. In
other words, the cathode of the second PN junction diode
12a is connected to the second output line 18 through
the connection metal member 33C, and the cathode of
the second Schottky barrier diode 22 is connected to the
second output line 18 through the connection metal mem-
ber 34C.
[0111] The source of the third MOSFET 13 (i.e., the
anode of the third PN junction diode 13a) and the anode
of the third Schottky barrier diode 23 are connected to
an output terminal 47 of a second module 3C. The drain
of the third MOSFET 13 (i.e., the cathode of the third PN
junction diode 13a) is connected to the first power source
terminal 46 of the second module 3C by means of a con-
nection metal member 35C parasitized by the inductance
L5. The cathode of the third Schottky barrier diode 23 is
connected to the first power source terminal 46 of the
second module 3C by means of a connection metal mem-
ber 36C parasitized by the inductance L6. In other words,
the cathode of the third PN junction diode 13a is con-
nected to the first output line 17 through the connection
metal member 35C, and the cathode of the third Schottky
barrier diode 23 is connected to the first output line 17
through the connection metal member 36C.
[0112] The source of the fourth MOSFET 14 (i.e., the
anode of the fourth PN junction diode 14a) and the anode
of the fourth Schottky barrier diode 24 are connected to
a second power source terminal 48 of the second module
3C. The drain of the fourth MOSFET 14 (i.e., the cathode
of the fourth PN junction diode 14a) is connected to the
output terminal 47 of the second module 3C by means
of a connection metal member 37C parasitized by the
inductance L7. The cathode of the fourth Schottky barrier

diode 24 is connected to the output terminal 42 of the
second module 3C by means of a connection metal mem-
ber 38C parasitized by the inductance L8. In other words,
the cathode of the fourth PN junction diode 14a is con-
nected to the second output line 18 through the connec-
tion metal member 37C, and the cathode of the fourth
Schottky barrier diode 24 is connected to the second out-
put line 18 through the connection metal member 38C.
[0113] Although the reference numeral that designates
the inductance is, for convenience, set to be the same
as that of the first embodiment, this does not mean that
the inductances of the connection metal members 31C
to 38C are respectively equal to the inductances of the
connection metal members 31 to 38 mentioned in the
first embodiment.
[0114] In the fourth embodiment, the inductances L1,
L3, L5, and L7 parasitizing the connection metal mem-
bers 31C, 33C, 35C, and 37C are set to be greater than
the inductances L2, L4, L6, and L8 parasitizing the con-
nection metal members 32C, 34C, 36C, and 38C, re-
spectively. In other words, the relations L1>L2, L3>L4,
L5>L6, and L7>L8 are established. For example, if each
of the connection metal members 31C to 38C is a bonding
wire, the inductances L1 to L8 can be adjusted by ad-
justing the length of the bonding wire, the diameter of the
bonding wire, the loop angle of the bonding wire, etc.
[0115] When the first MOSFET 11 and the fourth MOS-
FET 14 are turned on, an electric current flows from the
positive electrode of the power source 15 toward the third
output line 19 through the first output line 17, the con-
nection metal member 31C, the first MOSFET 11, the
second output line 18, the load 16, the second output line
18, the connection metal member 37C, and the
fourthMOSFET 14. In this case, the current flows through
the load 16 in the direction shown by arrow "A."
[0116] When all of the MOSFETs 11 to 14 are brought
into an OFF state from this state, the inductance of the
inductive load 16 maintains an electric current flowing
through the load 16 (i.e., maintains the current flowing in
the direction shown by arrow "A") . Therefore, the current
flows through the second Schottky barrier diode 22, the
connection metal wire 34C, the load 16, the third Schottky
barrier diode 23, and the connection metal wire 36C in
the direction from the second Schottky barrier diode 22
toward the connection metal wire 36C. As a result, the
current flows through the connection metal wire 34C and
the connection metal wire 36C.
[0117] When the current flows through the connection
metal wire 34C, a counter electromotive force is gener-
ated by the inductance L4 parasitizing this metal wire.
The counter electromotive force generated by the induct-
ance L4 is supplied to the connection metal wire 33C.
However, the inductance L3 parasitizing the connection
metal wire 33C is greater than the inductance L4, and
therefore the energy of the counter electromotive force
is absorbed by the inductance L3. Therefore, the second
PN junction diode 12a does not receive a voltage greater
than its forward voltage Vf2. Therefore, the current does
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not flow through the second PN junction diode 12a.
[0118] Likewise, when the current flows through the
connection metal wire 36C, a counter electromotive force
is generated by the inductance L6 parasitizing this metal
wire. The counter electromotive force generated by the
inductance L6 is supplied to the connection metal wire
35C. However, the inductance L5 parasitizing the con-
nection metal wire 35C is greater than the inductance
L6, and therefore the energy of the counter electromotive
force is absorbed by the inductance L5. Therefore, the
third PNjunction diode 13a does not receive a voltage
greater than its forward voltage Vf2. Therefore, the cur-
rent does not flow through the third PN junction diode 13a.
[0119] When the second MOSFET 12 and the third
MOSFET 13 are turned on, an electric current flows from
the positive electrode of the power source 15 toward the
third output line 19 through the first output line 17, the
connection metal member 35C, the third MOSFET 13,
the second output line 18, the load 16, the second output
line 18, the connection metal member 33C, and the se-
condMOSFET 12. In this case, the current flows through
the load 16 in the direction shown by arrow B.
[0120] When all of the MOSFETs 11 to 14 are brought
into an OFF state from this state, the inductance of the
inductive load 16 maintains an electric current flowing
through the load 16 (i.e., maintains the current flowing in
the direction shown by arrow B). Therefore, the current
flows through the fourth Schottky barrier diode 24, the
connection metal wire 38C, the load 16, the first Schottky
barrier diode 21, and the connection metal wire 32C in
the direction from the fourth Schottky barrier diode 24
toward the connection metal wire 32C. As a result, the
current flows through the connection metal wire 38C and
the connection metal wire 32C.
[0121] When the current flows through the connection
metal wire 38C, a counter electromotive force is gener-
ated by the inductance L8 parasitizing this metal wire.
The counter electromotive force generated by the induct-
ance L8 is supplied to the connection metal wire 37C.
However, the inductance L7 parasitizing the connection
metal wire 37C is greater than the inductance L8, and
therefore the energy of the counter electromotive force
is absorbed by the inductance L7. Therefore, the fourth
PN junction diode 14a does not receive a voltage greater
than its forward voltage Vf2. Therefore, the current does
not flow through the fourth PN junction diode 14a.
[0122] Likewise, when the current flows through the
connection metal wire 32C, a counter electromotive force
is generated by the inductance L2 parasitizing this metal
wire. The counter electromotive force generated by the
inductance L2 is supplied to the connection metal wire
31C. However, the inductance L1 parasitizing the con-
nection metal wire 31C is greater than the inductance
L2, and therefore the energy of the counter electromotive
force is absorbed by the inductance L1. Therefore, the
first PN junction diode 11a does not receive a voltage
greater than its forward voltage Vf2. Therefore, the cur-
rent does not flow through the first PN junction diode 11a.

[0123] As described above, in the fourth embodiment,
an electric current can be restrained from flowing through
the PN junction diodes 11a to 14a built in the MOSFETs
11 to 14, respectively, during a dead time period in the
same way as in the first embodiment. Therefore, a for-
ward direction deterioration of the MOSFETs 11 to 14
can be prevented.
[0124] FIG. 7 is an electric circuit diagram showing a
converter circuit 101 to which an electronic circuit accord-
ing to a fifth embodiment of the present invention is ap-
plied.
[0125] This converter circuit 101 is a step-down DC-
DC converter circuit. The converter circuit 101 includes
a module 2, a coil 72, and a capacitor 73. The module 2
is the same in structure as the first module 2 of the first
embodiment. The first power source terminal 41 of the
module 2 is connected to a positive electrode terminal of
a power source 115 through the first output line 17. The
second power source terminal 43 of the module 2 is con-
nected to a negative electrode terminal of the power
source 115 through the third output line 19. The output
terminal 42 of the module 2 is connected to a first outside
terminal 111 through the second output line 18 and the
coil 72. The second power source terminal 43 of the mod-
ule 2 is connected to a second outside terminal 112
through the third output line 19.
[0126] The capacitor 73 is connected to a portion be-
tween a connection point that is located between the coil
72 and the first outside terminal 111 and the third output
line 19 that is located between the second power source
terminal 43 and the second outside terminal 112. The
coil 72 and the capacitor 73 form a smoothing circuit. A
load 116 is connected to a portion between the first out-
side terminal 111 and the second outside terminal 112.
The gate terminal 45 of the module 2 is connected to the
third output line 19 through a resistor 71. A control unit
(not shown) is connected to the gate terminal 44 of the
module 2.
[0127] The module 2 includes a first high-side MOS-
FET 11 and a second low-side MOSFET 12 that is con-
nected in series to the first MOSFET 11. The MOSFETs
11 and 12 have a first PN junction diode (body diode)
11a built in and a second PN junction diode 12a built in,
respectively. Each of these PN junction diodes 11a and
12a is a bipolar device.
[0128] The first Schottky barrier diode 21 that is a un-
ipolar device and the second Schottky barrier diode 22
that is a unipolar device are connected in parallel to the
MOSFETs 11 and 12, respectively. In other words, the
Schottky barrier diodes 21 and 22 each of which is a
unipolar device are connected in parallel to the PN junc-
tion diodes 11a and 12a each of which is a bipolar device.
[0129] The drain of the first MOSFET 11 is connected
to the first power source terminal 41 of the module 2. The
cathode of the first Schottky barrier diode 21 is connected
to the drain of the first MOSFET 11 (i.e., to the cathode
of the first PN junction diode 11a) . The source of the first
MOSFET 11 (i.e., the anode of the first PN junction diode
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11a) is connected to the anode of the first Schottky barrier
diode 21 through the connection metal member 31 par-
asitized by the inductance L1. The anode of the first
Schottky barrier diode 21 is connected to the output ter-
minal 42 of the module 2 through the connection metal
member 32 parasitized by the inductance L2. In other
words, the anode of the first Schottky barrier diode 21 is
connected to the second output line 18 through the con-
nection metal member 32 parasitized by the inductance
L2.
[0130] The drain of the second MOSFET 12 is con-
nected to the output terminal 42 of the module 2. The
cathode of the second Schottky barrier diode 22 is con-
nected to the drain of the second MOSFET 12 (i.e., to
the cathode of the second PN junction diode 12a) . The
source of the second MOSFET 12 (i.e., the anode of the
second PN junction diode 12a) is connected to the anode
of the second Schottky barrier diode 22 through the con-
nection metal member 33 parasitized by the inductance
L3. The anode of the second Schottky barrier diode 22
is connected to the second power source terminal 43 of
the module 2 through the connection metal member 34
parasitized by the inductance L4. In other words, the an-
ode of the second Schottky barrier diode 22 is connected
to the third output line 19 through the connection metal
member 34 parasitized by the inductance L4.
[0131] Each of the MOSFETs 11 and 12 is an SiC de-
vice in which, for example, SiC (silicon carbide) that is
an example of a compound semiconductor is used as a
semiconducting material. The forward voltage Vf1 of
each of the Schottky barrier diodes 21 and 22 is lower
than the forward voltage Vf2 of each of the PN junction
diodes 11a and 12a. The forward voltage Vf2 of each of
the PN junction diodes 11a and 12a is, for example, 2. 0
V. The forward voltage Vf1 of each of the Schottky barrier
diodes 21 and 22 is, for example, 1.0 V.
[0132] In the thus arranged converter circuit 101, the
first MOSFET 11 is turned on/off (is switched) at a pre-
determined duty ratio. When the first MOSFET 11 is
turned on, an electric current flows from a positive elec-
trode of a power source 115 toward a load 116 through
the first output line 17, the first MOSFET 11, the connec-
tion metal member 31, the connection metal member 32,
the second output line 18, and the coil 72 (the smoothing
circuit). As a result, energy is stored in the coil 72, and
electric power is supplied to the load 116.
[0133] When the first MOSFET 11 is turned off, the coil
72 attempts to maintain an electric current flowing there-
through, and generates an electromotive force. This elec-
tromotive force allows the current to flow through the coil
72 through the connection metal member 34 and the sec-
ond Schottky barrier diode 22, and electric power is sup-
plied to the load 116. This operation is repeatedly per-
formed, and, as a result, a voltage lower than the voltage
of the power source 115 is applied to the load 116.
[0134] As described above, when the first MOSFET 11
is changed from an ON state to an OFF state, an electric
current flows through the connection metal member 34

by an electromotive force generated by the coil 72. When
the current flows through the connection metal member
34, a counter electromotive force is generated by the
inductance L4 parasitizing this metal member . However,
the voltage of this counter electromotive force is not ap-
plied to the second PN junction diode 12a. The reason
is that the anode of the second PN junction diode 12a is
connected to the anode of the second Schottky barrier
diode 22 by means of the connection metal wire 33. Only
a voltage equivalent to the forward voltage Vf1 of the
second Schottky barrier diode 22 is applied to the first
PN junction diode 11a. In other words, the second PN
junction diode 12a does not receive a voltage greater
than its forward voltage Vf2. Therefore, the current does
not flow through the second PN junction diode 12a.
[0135] As described above, in the fifth embodiment, an
electric current can be restrained from flowing through
the PN junction diode 12a built in the second MOSFET
12 when the first MOSFET 11 is changed from an ON
state to an OFF state. Therefore, a forward direction de-
terioration of the MOSFET 12 can be prevented.
[0136] The source of the first MOSFET 11 may be con-
nected to the output terminal 42 by means of the con-
nection metal member 31, and the source of the second
MOSFET 12 may be connected to the second power
source terminal 43 by means of the connection metal
member 33 in the same way as in the first module 2B of
the third embodiment. However, in this case, the induct-
ances L1 and L3 parasitizing the connection metal mem-
bers 31 and 33, respectively, are set to be greater than
the inductances L2 and L4 parasitizing the connection
metal members 32 and 34, respectively.
[0137] The module 2 can also be used in a step-up
DC-DC converter. In this case, a power source is con-
nected to a portion between the terminals 42 and 43 of
the module 2, and a smoothing circuit consisting of a coil
and a capacitor is connected to a portion between the
terminals 41 and 43 of the module 2. Furthermore, a load
is connected in parallel to the capacitor. The gate terminal
44 of the first MOSFET 11 is grounded through a resistor.
Thereafter, the second MOSFET 12 is switched. In the
thus arranged stet-up DC-DC converter, when the se-
condMOSFET 12 is turned off, an electric current does
not flow through the PN junction diode 11a of the first
MOSFET 11 in the same way as in the step-down DC-
DC converter mentioned above.
[0138] FIG. 8 is an electric circuit diagram showing a
converter circuit 101A according to a sixth embodiment
of the present invention. In FIG. 8, the same reference
numeral as in FIG. 7 is given to a component correspond-
ing to each component shown in FIG. 7.
[0139] The converter circuit 101A differs from the con-
verter circuit 101 of the fifth embodiment in the arrange-
ment of the module 2A. The arrangement of the module
2 of the fifth embodiment is the same as that of the first
module 2 of the first embodiment. On the other hand, the
arrangement of the module 2A of the sixth embodiment
is the same as that of the first module 2A of the second

25 26 



EP 3 813 247 A1

15

5

10

15

20

25

30

35

40

45

50

55

embodiment.
[0140] Referring to FIG. 8, the source of the first MOS-
FET 11 (i.e., the anode of the first PN junction diode 11a)
and the anode of the first Schottky barrier diode 21 are
connected to the output terminal 42 of the first module
2A. The drain of the firstMOSFET 11 (i.e., the cathode
of the first PN junction diode 11a) is connected to the
cathode of the first Schottky barrier diode 21 by means
of the connection metal member 31A parasitized by the
inductance L1. The cathode of the first Schottky barrier
diode 21 is connected to the first power source terminal
41 of the module 2A by means of the connection metal
member 32A parasitized by the inductance L2. In other
words, the cathode of the first Schottky barrier diode 21
is connected to the first output line 17 through the con-
nection metal member 32A parasitized by the inductance
L2.
[0141] The source of the second MOSFET 12 (i.e., the
anode of the second PN junction diode 12a) and the an-
ode of the second Schottky barrier diode 22 are connect-
ed to the second power source terminal 43 of the module
2A. The drain of the second MOSFET 12 (i.e., the cath-
ode of the second PN junction diode 12a) is connected
to the cathode of the second Schottky barrier diode 22
by means of the connection metal member 33A parasit-
ized by the inductance L3. The cathode of the second
Schottky barrier diode 22 is connected to the output ter-
minal 42 of the module 2A by means of the connection
metal member 34A parasitized by the inductance L4. In
other words, the cathode of the second Schottky barrier
diode 22 is connected to the second output line 18
through the connection metal member 34A parasitized
by the inductance L4.
[0142] Each of the MOSFETs 11 and 12 is an SiC de-
vice in which, for example, SiC (silicon carbide) that is
an example of a compound semiconductor is used as a
semiconducting material. The forward voltage Vf1 of
each of the Schottky barrier diodes 21 and 22 is lower
than the forward voltage Vf2 of each of the PN junction
diodes 11a and 12a. The forward voltage Vf2 of each of
the PN junction diodes 11a and 12a is, for example, 2.0V.
The forward voltage Vf1 of each of the Schottky barrier
diodes 21 and 22 is, for example, 1.0 V.
[0143] The gate terminal 45 of the module 2A is con-
nected to the third output line 19 through the resistor 71.
A control unit (not shown) is connected to the gate ter-
minal 44 of the module 2A.
[0144] In the thus arranged converter circuit 101A, the
first MOSFET 11 is turned on/off (is switched) at a pre-
determined duty ratio. When the first MOSFET 11 is
turned on, an electric current flows from the positive elec-
trode of the power source 115 toward the load 116
through the first output line 17, the connection metal
member 32A, the connection metal member 31A, the first
MOSFET 11, the second output line 122, and the coil 72
(the smoothing circuit) . As a result, energy is stored in
the coil 72, and electric power is supplied to the load 116.
[0145] When the first MOSFET 11 is turned off, the coil

72 attempts to maintain an electric current flowing there-
through, and generates an electromotive force. This elec-
tromotive force allows the current to flow to the load 116
through the second Schottky barrier diode 22 and the
connection metal member 34A, and electric power is sup-
plied to the load 116. This operation is repeatedly per-
formed, and, as a result, a voltage lower than the voltage
of the power source 115 is applied to the load 116.
[0146] As described above, when the first MOSFET 11
is changed from an ON state to an OFF state, an electric
current flows through the connection metal member 34A
by an electromotive force generated by the coil 72. When
the current flows through the connection metal member
34A, a counter electromotive force is generated by the
inductance L4 parasitizing this metal member . However,
the voltage of this counter electromotive force is not ap-
plied to the second PN junction diode 12a. The reason
is that the cathode of the second PN junction diode 12a
is connected to the cathode of the second Schottky bar-
rier diode 22 by means of the connection metal wire 33A.
Only a voltage equivalent to the forward voltage Vf1 of
the second Schottky barrier diode 22 is applied to the
second PN junction diode 12a. In other words, the second
PN junction diode 12a does not receive a voltage greater
than its forward voltage Vf2. Therefore, the current does
not flow through the second PN junction diode 12a.
[0147] As described above, also in the sixth embodi-
ment, an electric current can be restrained from flowing
through the PN junction diode 12a built in the second
MOSFET 12 when the first MOSFET 11 is changed from
an ON state to an OFF state. Therefore, a forward direc-
tion deterioration of the MOSFET 12 can be prevented.
[0148] The drain of the first MOSFET 11 may be con-
nected to the first power source terminal 41 by means of
the connection metal member 31A, and the drain of the
secondMOSFET 12 may be connected to the output ter-
minal 42 by means of the connection metal member 33A
in the same way as in the first module 2C of the fourth
embodiment. However, in this case, the inductances L1
and L3 parasitizing the connection metal members 31A
and 33A, respectively, are set to be greater than the in-
ductances L2 and L4 parasitizing the connection metal
members 32A and 34A, respectively.
[0149] Additionally, the module 2A can be used in a
step-up DC-DC converter. In this case, a power source
is connected to a portion between the terminals 42 and
43 of the module 2A, and a smoothing circuit consisting
of a coil and a capacitor is connected to a portion between
the terminals 41 and 43 of the module 2A. Furthermore,
a load is connected in parallel to the capacitor. The gate
terminal 44 of the first MOSFET 11 is grounded through
a resistor. Thereafter, the second MOSFET 12 is
switched. In the thus arranged set-up DC-DC converter,
when the second MOSFET 12 is turned off, an electric
current does not flow through the PN junction diode 11a
of the first MOSFET 11 in the same way as in the step-
down DC-DC converter mentioned above.
[0150] Although the six embodiments of the present
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invention have been described above, the present inven-
tion can be embodied in other forms. For example, each
of the MOSFETs 11, 12, 13, and 14 may be an Si device
in which Si (silicon) is used as a semiconducting material
although each thereof is an SiC device in the above em-
bodiments.
[0151] Although the embodiments of the present in-
vention have been described in detail as above, these
are merely specific examples used to clarify the technical
contents of the present invention, and the present inven-
tion should not be understood as being limited to these
examples, and the scope of the present invention is to
be determined solely by the claims.
[0152] The present application corresponds to Japa-
nese Patent Application No. 2010-121375 filed in the Ja-
pan Patent Office on May 27, 2010, and the entire dis-
closure of the application is incorporated herein by ref-
erence.
The following clauses form preferred embodiments of the
present disclosure:

Clause 1. An electronic circuit comprising:

a bipolar device;
a unipolar device connected in parallel to the
bipolar device; and
an output line connected to the bipolar device
and to the unipolar device;
wherein an inductance between the unipolar de-
vice and the output line is smaller than an in-
ductance between the bipolar device and the
output line.

Clause 2. The electronic circuit according to Clause
1, wherein the bipolar device is an SiC semiconduc-
tor device made of a semiconducting material that
chiefly includes SiC.

Clause 3. The electronic circuit according to Clause
1 or Clause 2, wherein a counter electromotive force
generated by the inductance between the unipolar
device and the output line is 2.0 V or more.

Clause 4. The electronic circuit according to any one
of Clause 1 to Clause 3, wherein the bipolar device
includes a PN junction diode, and the unipolar device
includes a Schottky barrier diode .

Clause 5. The electronic circuit according to Clause
4, further comprising a connection metal member
through which an anode of the PN junction diode is
connected to an anode of the Schottky barrier diode
and that is parasitized by an inductance,
wherein the anode of the Schottky barrier diode is
connected to the output line.

Clause 6. The electronic circuit according to Clause
4, further comprising a connection metal member

through which a cathode of the PN junction diode is
connected to a cathode of the Schottky barrier diode
and that is parasitized by an inductance,
wherein the cathode of the Schottky barrier diode is
connected to the output line.

Clause 7. The electronic circuit according to any one
of Clause 4 to Clause 6, wherein the PN junction
diode is connected in inverse parallel to a switching
device.

Clause 8. The electronic circuit according to Clause
7, wherein the switching device is a MOSFET, and
the PN junction diode is built in the MOSFET.

Clause 9. The electronic circuit according to Clause
8, further comprising a connection metal member
through which a source of the MOSFET is connected
to the anode of the Schottky barrier diode and that
is parasitized by an inductance,
wherein the anode of the Schottky barrier diode is
connected to the output line.

Clause 10. The electronic circuit according to Clause
8, further comprising a connection metal member
through which a drain of the MOSFET is connected
to the cathode of the Schottky barrier diode and that
is parasitized by an inductance,
wherein the cathode of the Schottky barrier diode is
connected to the output line.

Clause 11. The electronic circuit according to Clause
9, further comprising a connection metal member
through which the anode of the Schottky barrier di-
ode is connected to the output line and that is para-
sitized by an inductance.

Clause 12. The electronic circuit according to Clause
11, wherein the connection metal member through
which the source of the MOSFET is connected to
the anode of the Schottky barrier diode and the con-
nection metal member through which the anode of
the Schottky barrier diode is connected to the output
line are continuously connected together.

Clause 13. The electronic circuit according to Clause
5, Clause 6, Clause 9, Clause 10, Clause 11, or
Clause 12, wherein the connection metal member
includes a wire.

DESCRIPTION OF SIGNS

[0153]

1, 1A, 1B, 1C Inverter circuit
2, 2A, 2B, 2C Module
3, 3A, 3B, 3C Module
11 to 14 MOSFET
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11a to 14a PN junction diode
21 to 24 Schottky barrier diode
31 to 38, 31A to 38A, 31B to 38B, 31C to 38C Con-
nection metal member
72 Coil

Claims

1. A module (2, 3) comprising:

a first switching device (11-14) including a first
bipolar device (11a, 12a, 13a, 14a);
a first unipolar device (21, 22, 23, 24) connected
in parallel to the first bipolar device (11a, 12a,
13a, 14a);
a first connection metal member (31, 33, 35, 37;
31A, 33A, 35A, 37A), parasitized by an induct-
ance (L1, L3, L5, L7), through which the first
bipolar device (11a, 12a, 13a, 14a) is connected
to the first unipolar device (21, 22, 23, 24);
a first output line (41, 42, 43, 46, 47, 48) con-
nected to the first bipolar device (11a, 12a, 13a,
14a) through the first connection metal mem-
ber(31, 33, 35, 37; 31A, 33A, 35A, 37A), and to
the first unipolar device (21, 22, 23, 24) without
going through the first connection metal member
(31, 33, 35, 37; 31A, 33A, 35A, 37A); and
a second connection metal member (32, 34, 36,
38; 32A, 34A, 36A, 38A) through which the first
unipolar device (21, 22, 23, 24) is connected to
the first output line (41, 42, 43, 46, 47, 48), and
that is parasitized by an inductance (L2, L4, L6,
L8),
wherein the first and second connection metal
members (31-38,31A-38A) are connected in se-
ries between the first bipolar device (11a, 12a,
13a, 14a) and the first output line (41, 42, 43,
46, 47, 48),
whereby an inductance (L2, L4, L6, L8) between
the first unipolar device (21, 22, 23, 24) and the
first output line (41, 42, 46, 47) is smaller than
an inductance (L1-L8) between the first bipolar
device (11a, 12a, 13a, 14a) and the first output
line (41, 42, 43, 46, 47, 48).

2. The module (2, 3) according to claim 1, further com-
prising a die pad (51, 54) on which the first bipolar
device (11a, 12a, 13a, 14a) and the first unipolar
device (21, 22, 23, 24) are mounted.

3. The module (2, 3) according to claim 1 or 2, wherein
the first bipolar device (11a, 12a, 13a, 14a) and the
first unipolar device (21, 22, 23, 24) are connected
with each other by stich bonding of a continuous
bonding wire (31, 33, 35, 37; 31A, 33A, 35A, 37A)
serving as the first connection metal member.

4. The module (2, 3) according to any one of claims
1-3, wherein the first bipolar device (11a, 12a, 13a,
14a) and the first unipolar device (21, 22, 23, 24) are
sealed up by a molding resin (57, 58).

5. The module (2, 3) according to any one of claims
1-4, wherein the first unipolar device includes a
Schottky barrier diode (21, 22, 23, 24).

6. The module (2, 3) according to claim 5, wherein

- an anode of the Schottky barrier diode (21, 22,
23, 24) is connected to the first output line (42,
43, 47, 48) through the second connection metal
member (32, 34, 36, 38), or wherein
- a cathode of the Schottky barrier diode (21, 22,
23, 24) is connected to the first output line (41,
42, 46, 47) through the second connection metal
member (32A, 34A, 36A, 38A).

7. The module (2, 3) according to any one of claims
5-6, wherein

- the bipolar device includes a PN junction diode
(11a, 12a, 13a, 14a), or wherein
- the switching device is a MOSFET (11-14), and
the bipolar device is a PN junction diode (11a-
14a) built in the MOSFET (11-14), or wherein
- the switching device is a MOSFET (11-14), and
the bipolar device is a PN junction diode (11a-
14a) connected in parallel to the MOSFET
(11-14).

8. The module (2, 3) according to claim 7, wherein a
source of the MOSFET (11-14) is connected to an
anode of the Schottky barrier diode (21, 22, 23, 24)
via the first connection metal member (31, 33, 35,
37), and the anode of the Schottky barrier diode (21,
22, 23, 24) is connected to the first output line (42,
43, 47, 48).

9. The module (2, 3) according to claim 8, wherein the
anode of the Schottky barrier diode is connected to
the first output line (42, 43, 47, 48) via the second
connection metal member (32, 34, 36, 38).

10. The module (2, 3) according to claim 7, wherein a
drain of the MOSFET is connected to a cathode of
the Schottky barrier diode (21, 22, 23, 24) via the
first connection metal member (31A, 33A, 35A, 37A),
and the cathode of the Schottky barrier diode is con-
nected to the first output line (41, 42, 46, 47).

11. The module (2, 3) according to any one of claims
1-10, wherein the first connection metal member (31,
33, 35, 37; 31A, 33A, 35A, 37A) and the second con-
nection metal member (32, 34, 36, 38; 32A, 34A,
36A, 38A) are continuous with each other.
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12. The module (2, 3) according to any one of claims
1-11, wherein the first connection metal member (31,
33, 35, 37; 31A, 33A, 35A, 37A) includes a wire, or
the second connection metal member (32, 34, 36,
38; 32A, 34A, 36A, 38A) includes a wire.

13. The module (2, 3) according to any one of claims
1-12, wherein the bipolar device (11a, 12a, 13a, 14a)
is an SiC semiconductor device made of a semicon-
ductor material that chiefly includes SiC.

14. The module (2, 3) according to any one of claims
1-13, further comprising:

a second switching device (12, 14; 11, 13) hav-
ing one end connected to the first output line
(42, 47), the second switching device (12, 14;
11, 13) including a second bipolar device (12a,
14a; 11a, 13a);
a second unipolar device (22, 24; 21, 23) con-
nected in parallel to the second bipolar device
(12a, 14a; 11a, 13a);
a third connection metal member (33, 37; 31A,
35A), parasitized by an inductance (L3, L7; L1,
L5), through which the second bipolar device
(12a, 14a; 11a, 13a) is connected to the second
unipolar device (22, 24; 21, 23);
a second output line (43, 48; 41, 46) connected
to the second bipolar device (12a, 14a; 11a, 13a)
through the third connection metal member (33,
37; 31A, 35A), and to the second unipolar device
(22, 24; 21, 23) without going through the third
connection metal member (33, 37; 31A, 35A);
and
a fourth connection metal member (34, 38; 34A,
38A) through which the second unipolar device
(22, 24; 21, 23) is connected to the second out-
put line (43, 48; 41, 46), and that is parasitized
by an inductance (L4, L8),
wherein the third and fourth connection metal
members (33, 34, 37, 38; 33A, 34A, 37A, 38A)
are connected in series between the second bi-
polar device (12a, 14a; 11a, 13a) and the sec-
ond output line (43, 48; 41, 46),
whereby an inductance (L4, L8) between the
second unipolar device (22, 24; 21, 23) and the
second output line (43, 48; 41, 46) is smaller
than an inductance (L3, L4, L7, L8) between the
second bipolar device (12a, 14a; 11a, 13a) and
the second output line (43, 48; 41, 46).

15. The module (2, 3) according to claim 14, further com-
prising
an insulating substrate (8),
a first conductive wiring (51; 54) provided on the in-
sulating substrate (8), on which the first bipolar de-
vice (11a, 13a; 12a, 14a) and the first unipolar device
(21, 23; 22, 24) are mounted, and

a second conductive wiring (54; 51) provided on the
insulating substrate (8) and electrically separated
from the first conductive wiring (51; 54), on which
the second bipolar device (12a, 14a; 11a, 13a) and
the second unipolar device (22, 24; 21, 23) are
mounted.

16. The module (2, 3) according to claim 15, further com-
prising a case (57) that contains the first switching
device (11, 13; 12, 14), the first bipolar device (11a,
13a, 12a, 14a), the first unipolar device (21, 23; 22,
24), the second switching device (12, 14, 11, 13),
the second bipolar device (12a, 14a, 11a, 13a), the
second unipolar device (22, 24, 21, 23), the first con-
nection metal member (31, 35; 33A, 37A), the sec-
ond connection metal member (32, 36; 34A, 38A),
the third metal member (33, 37; 31A, 35A), and the
fourth metal member (34, 38; 32A, 36A).
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