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(54) SEMICONDUCTOR APPARATUS AND INVERTER SYSTEM

(57) The present disclosure attempts to improve per-
formance of a semiconductor apparatus including a pow-
er transistor such as an IGBT. In a semiconductor appa-
ratus, an IGBT module 110 includes IGBT elements SWa
and SWb connected in parallel to each other, a resistor
R1a connected to a gate terminal of the IGBT element

SWa, and a diode D1a connected in parallel to the resis-
tor R1a. In the diode D1a, a direction toward the gate
terminal of the IGBT element SWa is a forward direction.
With this configuration, it is possible to prevent gate os-
cillation and to improve switching characteristics.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese patent application No.
2016-249055, filed on December 22, 2016, the disclo-
sure of which is incorporated herein in its entirety by ref-
erence.

BACKGROUND

[0002] The present disclosure relates to a semicon-
ductor apparatus and an inverter system. For example,
the present disclosure relates to a semiconductor appa-
ratus and an inverter system including a power transistor.
[0003] In a system that drives a motor with high power
or performs energy conversion and the like, a power tran-
sistor (three-terminal amplifying element) such as an IG-
BT (Insulated Gate Bipolar Transistor) or a Power MOS-
FET (Metal Oxide Semiconductor Field Effect Transistor)
is widely used. Since the use of such a system has been
expanding recently, there is an increasing need for driv-
ing a load with higher power.
[0004] In this regard, in order to enable switching with
high power, a method for connecting a plurality of power
transistors in parallel is known (e.g., Fuji Electric Co., Ltd.
"PrimePack (registered trademark) Module Parallel Con-
nection", [online], <URL : https://www.fujielec-
tric.co.jp/products/semiconductor/model/ig bt/applica-
tion/box/doc/pdf/RH984b/Paral-
lel%20connection_PP_J.p df> and International Rectifi-
er, "Application Note": AN-941 Power MOSFET Parallel
Connection, [online], <URL ; http://www.infine-
on.com/dgdl/AN-
941J.pdf?fileId=5546d46256fb43b301574c6033177c3
9>).

SUMMARY

[0005] As described above, along with the increase in
power of the output, the number of parallel connections
of power transistors is increasing. However, the present
inventors have found a problem in a related technique
that when power transistors are connected in parallel,
the performance may deteriorate. Thus, one of objects
of an aspect of the present disclosure is to improve the
performance of a semiconductor apparatus.
[0006] Other problems of the related art and new fea-
tures of the present disclosure will become apparent from
the following descriptions of the specification and at-
tached drawings.
[0007] According to an aspect, a semiconductor appa-
ratus includes first and second power transistors, a first
resistor, and a first diode. The first and second power
transistors are connected in parallel to each other. The
first resistor is connected to a control terminal of the first
power transistor. The first diode is connected in parallel

to the first resistor. In the first diode, a direction toward
the control terminal of the first power transistor is a for-
ward direction.
[0008] According to the above aspect, it is possible to
improve performance of a semiconductor apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above and other aspects, advantages and
features will be more apparent from the following descrip-
tion of certain embodiments taken in conjunction with the
accompanying drawings, in which:

Fig. 1 is a configuration diagram showing a config-
uration example of a wind power generation system
according to a first embodiment;
Fig. 2 is a schematic cross-sectional diagram show-
ing an example of an IGBT element according to the
first embodiment;
Fig. 3 is a circuit diagram showing an example of an
equivalent circuit of the IGBT element according to
the first embodiment;
Fig. 4 is a schematic cross-sectional diagram show-
ing another example of the IGBT element according
to the first embodiment;
Fig. 5 is a circuit diagram showing another example
of the equivalent circuit of the IGBT element accord-
ing to the first embodiment;
Fig. 6 is a configuration diagram showing a config-
uration example of a drive system including an IGBT
module according to Study Example;
Fig. 7 is a waveform diagram showing signals when
a load is short-circuited in the IGBT module of Study
Example;
Fig. 8 is a configuration diagram including an equiv-
alent circuit of a resonant loop in the IGBT module
of Study Example;
Fig. 9 is a circuit diagram showing a configuration of
the equivalent circuit of the resonant loop in the IGBT
module of Study Example;
Fig. 10 is a configuration diagram showing a config-
uration example of a drive system including an IGBT
module according to the first embodiment;
Fig. 11 is a configuration diagram of a configuration
including an equivalent circuit of a resonant loop in
the IGBT module according to the first embodiment;
Fig. 12 is a circuit diagram showing a configuration
of the equivalent circuit of the resonant loop in the
IGBT module according to the first embodiment;
Fig. 13 is a configuration diagram showing another
configuration example of the IGBT module according
to the first embodiment;
Fig. 14 is a configuration diagram corresponding to
Implementation Example of the IGBT module of Ref-
erence Example;
Fig. 15 is a schematic plan view corresponding to
Implementation Example of the IGBT module of Ref-
erence Example;
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Fig. 16 is a configuration diagram corresponding to
Implementation Example 1 of an IGBT module ac-
cording to the second embodiment;
Fig. 17 is a schematic plan view corresponding to
Implementation Example 1 of an IGBT module ac-
cording to the second embodiment;
Fig. 18 is a schematic plan view corresponding to
another Implementation Example of the IGBT mod-
ule according to the second embodiment;
Fig. 19 is a configuration diagram corresponding to
Implementation Example 2 of an IGBT module ac-
cording to the second embodiment;
Fig. 20 is a schematic plan view corresponding to
Implementation Example 2 of the IGBT module ac-
cording to the second embodiment;
Fig. 21 is a configuration diagram corresponding to
Implementation Example 3 of an IGBT module ac-
cording to the second embodiment; and
Fig. 22 is a schematic plan view corresponding to
Implementation Example 3 of the IGBT module ac-
cording to the second embodiment.

DETAILED DESCRIPTION

[0010] For the clarification of the description, the fol-
lowing description and the drawings may be omitted or
simplified as appropriate. Further, each element shown
in the drawings as functional blocks that perform various
processing can be formed of a CPU (Central Processing
Unit), a memory, and other circuits in hardware and may
be implemented by programs loaded in the memory in
software. Those skilled in the art will therefore under-
stand that these functional blocks may be implemented
in various ways by only hardware, only software, or the
combination thereof without any limitation. Throughout
the drawings, the same components are denoted by the
same reference signs and overlapping descriptions will
be omitted as appropriate.

First Embodiment

[0011] Hereinafter, a first embodiment will be de-
scribed with reference to the drawings.

<Configuration of System of First Embodiment>

[0012] As a system according to a first embodiment, a
wind power generation system will be described below.
Note that the wind power generation system is an exam-
ple of a system (inverter system) using a power device
such as IGBT. The system may be an industrial motor
driving system, another energy power conversion sys-
tem, or the like.
[0013] Fig. 1 shows a configuration example of a wind
power generation system according to this embodiment.
As shown in Fig. 1, the wind power generation system 1
according to this embodiment includes a wind turbine
101, an AC input unit (AC generator) 102, a rectifier 103,

a booster 104, an inverter 100, and an AC output unit
105. The wind power generation system 1 further in-
cludes driver modules 112 and an inverter control unit
(inverter control microcomputer) 113. The driver modules
112 drive IGBT circuits 111a and 111b. The driver mod-
ules 112 and the inverter control unit 113 constitute the
inverter 100.
[0014] The AC input unit 102 is a generator that gen-
erates AC power according to rotation of the wind turbine
101. For example, the AC input unit 102 generates three-
phase AC power and supplies it to the rectifier 103. The
rectifier (rectification circuit) 103 is an AC/DC converter
that rectifies the AC power and converts it into DC power.
The rectifier 103 converts the three-phase AC power gen-
erated by the AC input unit 102 into DC power. The rec-
tifier 103 includes diodes (e.g., FRD: Fast Recovery Di-
odes) D101 and D102 connected in series. A plurality of
pairs of the diodes D101 and D102 are connected in par-
allel. In this example, three pairs of the diodes D101 and
D102 are connected in parallel so as to perform three-
phase full-wave rectification on the three-phase AC pow-
er. The AC power is input to an intermediate node be-
tween each pair of the diodes D101 and D102.
[0015] The booster (booster chopper circuit) 104
boosts the DC power generated by the rectifier 103. The
booster 104 includes an inductor L101, a diode D103, a
capacitor C101, and an IGBT circuit 106. The inductor
L101 and the diode D103 are connected in series be-
tween the rectifier 103 (the cathode side of the diode
D101) and the inverter 100 (high side). The IGBT circuit
106 is connected in parallel to the diodes D101 and D102
between the inductor L101 and the diode D103 (anode
side). Further, the capacitor C101 is connected in parallel
to the IGBT circuit 106 between the diode D103 (cathode
side) and the inverter 100. The boosting is performed by
controlling on/off of the IGBT circuit 106 by a control cir-
cuit for boosting (not shown).
[0016] The inverter 100 is a DC/AC converter that con-
verts boosted DC power to AC power under the control
of the inverter control unit 113. In the inverter 100, the
IGBT circuit (high side switch) 111a and the IGBT circuit
(low side switch) 111b constitute an IGBT module 110.
A plurality of the IGBT modules 110 are connected in
parallel. In this example, in order to generate the three-
phase AC power, three IGBT modules 110 are connected
in parallel. The AC power is output from an intermediate
node between each pair of the IGBT circuits 111a and
111b. As described later, each of the IGBT circuits 111a
and 111b is composed of a plurality of IGBT elements
connected in parallel. For example, in an inverter for high
power applications, 2 to 12 IGBT elements are connected
in parallel.
[0017] The driver module 112 is provided for each IG-
BT module because the IGBT module 110 is controlled
by per IGBT module basis. The driver module 112 gen-
erates the AC power by controlling on/off of the IGBT
circuits 111a and 111b in accordance with an instruction
from the inverter control unit 113. For example, the IGBT
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circuit 111 (one or both of 111a and 111b) and the driver
module 112 constitute a drive system (inverter system)
120. By applying the IGBT module according to this em-
bodiment to the inverter system, the operations can be
carried out at a high speed, and thus power can be effi-
ciently converted.
[0018] The AC output unit 105 is a load of a destination
to which the AC power is output. The AC output unit 105
is a power system, a motor, or the like. The AC output
unit 105 includes an inductor L102 and an AC load circuit
107. The three-phase AC power is supplied to the AC
load circuit 107 via the inductor L102.

<Configuration of IGBT of First Embodiment>

[0019] Next, a configuration example of the IGBT ele-
ment included in the IGBT circuit 111 of the inverter 100
according to this embodiment will be described.
[0020] Fig. 2 shows a schematic cross-section of an
IGBT element SW1 as an example. Fig. 3 shows a con-
figuration of an equivalent circuit of Fig. 2. The example
of Fig. 2 is an IGBT structure including a common floating
layer. Since a trench electrode is formed alongside the
gate-gate, it is called a GG structure. With such a con-
figuration, it is possible to handle higher power.
[0021] As shown in Fig. 2, in the IGBT element SW1
having the GG structure, an N-drift layer 201 is formed
on a collector electrode (not shown). P-type floating lay-
ers 202 are formed on the N-drift layer 201 at predeter-
mined intervals. An N-type hole barrier layer 203 is
formed between P-type floating layers 202. A P-type
channel region 205 (contact layer) and an N-type emitter
region (emitter layer) 206 are formed on the N-type hole
barrier layer 203.
[0022] Gate electrodes (trench gates) 204 are formed
on both sides of the N-type emitter region 206 and the
P-type channel region 205. The gate electrode 204 is
formed in a trench reaching between the N-type hole bar-
rier layer 203 and the P-type floating layer 202 from the
N-type emitter region 206 and the P-type channel region
205. An insulating film 207 is formed to cover the P-type
floating layers 202, the gate electrodes 204, and the N-
type emitter region 206. An emitter electrode (not shown)
is formed in a trench reaching the N-type emitter region
206 and the P-type channel region 205 (contact layer)
from the insulating film 207.
[0023] In the IGBT element SW1 having the GG struc-
ture as shown in Fig. 2, a parasitic capacitance as shown
in Fig. 3 is generated. In the IGBT element SW1, floating
capacitances Cfpc and Cgfp through the respective P-
type floating layers 202 and a gate capacitance Cgd
through the N-type hole barrier layer 203 become a col-
lector-gate capacitance.
[0024] Fig. 4 shows another example of a schematic
cross-section of the IGBT element SW2. Fig. 5 shows a
configuration of an equivalent circuit of Fig. 4. The ex-
ample of Fig. 4 is an IGBT structure in which the capac-
itance component through the floating layer is reduced.

This IGBT structure is referred to as an EGE structure
because the trench electrodes are formed in parallel to
the emitter-gate-emitter. This structure can handle higher
power and higher speed.
[0025] As shown in Fig. 4, an IGBT element SW2 hav-
ing the EGE structure has a configuration of the trench
electrode different from that of the IGBT element SW1
of Fig. 2. Specifically, the N-type emitter regions (emitter
layers) 206 are formed at the center of the P-type channel
regions 205 (contact layers). The gate electrodes (trench
gates) 204 are formed at the center of the P-type channel
regions 205 and the N type emitter regions 206. The gate
electrodes 204 are formed in trenches reaching the N-
type hole barrier layers 203 from the N-type emitter re-
gions 206 and the P-type channel regions 205. Emitter
electrodes (trench emitters) 208 are formed on both sides
of the P-type channel regions 205. The emitter electrodes
208 are formed in trenches reaching between the N-type
hole barrier layers 203 and the P-type floating layers 202
from the P-type channel regions 205.
[0026] In the IGBT element SW2 having the EGE struc-
ture as shown in Fig. 4, a parasitic capacitance as shown
in Fig. 5 is generated. In the IGBT element SW2, since
the floating capacitances Cfpc and Cgfp through the P-
type floating layer 202 are connected between the col-
lector and the emitter, the collector-gate capacitance is
only the gate capacitance Cgd through the N-type hole
barrier layer 203 . Therefore, in the EGE structure, a feed-
back capacitance (Cres) can be greatly reduced com-
pared with the GG structure. Accordingly, high-speed
switching becomes possible.

<Configuration of IGBT Module of Study Example>

[0027] First, an IGBT module of Study Example before
this embodiment is applied will be described. Fig. 6 shows
a configuration of a drive system including the IGBT mod-
ule of Study Example.
[0028] As shown in Fig. 6, an IGBT module 910 of
Study Example includes a plurality of IGBT mounting
units (mounting boards) 911. The plurality of the IGBT
mounting unit 911 correspond to the IGBT circuits 111
(111a or 111b) in Fig. 1, respectively. In this example,
two IGBT mounting units 911a and 911b are connected
in parallel.
[0029] The IGBT mounting unit 911a and 911b have
the same configuration. The IGBT mounting unit 911a
and 911b include IGBT elements SW (SWa and SWb),
diodes FD (FDa and FDb: Free Wheeling Diode), and
resistors R1 (R1a and R1b), respectively. A diode FD is
connected between the collector and the emitter of the
IGBT element SW. A resistor R1 (damping resistor) is
connected to the gate of the IGBT element SW. The gates
of a plurality of IGBT elements SW are commonly con-
nected via the resistor R1. The collectors are commonly
connected as well. Note that the emitters of the plurality
of IGBT elements SW are also commonly connected (not
shown). The driver module 112 is connected to a com-
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mon node of the gates. A control voltage (gate voltage)
is supplied from the driver module 112. The AC load cir-
cuit 107 is connected to a common node of the collectors.
In this example, the capacitance C102 is connected to
the common node of the collectors. Note that the gate is
referred to as a control terminal. Any one of the collector
and the emitter (the source and the drain in the case of
a MOSFET) may be referred to as a first terminal or a
second terminal.
[0030] In such a configuration, there is a problem that
gate oscillation occurs when the load is short-circuited
(grounded). Fig. 7 shows signal waveforms of the IGBT
element SW when the load is short-circuited. As shown
in Fig. 7, when the load is short-circuited, the fluctuations
in the gate-emitter voltage VGE and the collector-emitter
voltage VCE are small. However, a collector current Ic
increases, and a saturation current continues to flow.
Then, when a certain oscillation condition (resonance
condition) is satisfied due to an influence of the temper-
ature characteristic and the like, the state of the gate-
emitter voltage VGE becomes oscillated (gate oscilla-
tion).
[0031] This oscillation is caused by a resonant loop
formed by the parallel connection of the IGBTs when the
load is short-circuited. Fig. 8 shows parasitic components
of the resonant loop. Fig. 9 shows an equivalent circuit
of the resonant loop. As shown in Fig. 8, a gate capaci-
tance (collector-gate) capacitance C0a is generated in
the IGBT mounting unit 911a, a gate capacitance (col-
lector-gate) capacitance C0b is generated in the IGBT
mounting unit 911b, a parasitic inductor L0a is generated
between the collectors of the IGBT mounting units 911a
and 911b, and a parasitic inductor L0b is generated be-
tween the gates of the IGBT mounting sections 911a and
911b. Then, as shown in Fig. 9, a regenerative current
flows through the resonant loop that includes the resistor
R1a, the gate capacitance C0a, the parasitic inductor
L0a, the gate capacitance C0b, the resistor R1b, and the
parasitic inductor L0b. For this reason, when the parasitic
inductor component in the resonant loop is large, or when
the feedback capacitance (gate capacitance) of each el-
ement is small, oscillation as shown in Fig. 7 is generated
while the load is short-circuited, which is a problem.
[0032] Recently, as the number of parallel connections
of the IGBTs tends to increase along with the increase
in the output power, the parasitic inductor component
tends to increase. Further, there are requests for reduc-
ing the feedback capacitance in order to reduce the
switching loss. For this reason, how to optimize design
of devices/modules for the purpose of achieving a reduc-
tion in noise/oscillation has become an issue.
[0033] For example, with the IGBT element SW2 hav-
ing the above EGE structure, it is possible to greatly re-
duce the switching loss as compared with the IGBT ele-
ment SW1 having the GG structure. However, with the
IGBT element SW2 having the above EGE structure, due
to an extremely small feedback capacitance, oscillation
occurs when the IGBT elements SW2 are connected in

parallel. In order to prevent this oscillation, the resistance
values of the gate resistors (R1a and R1b) in the oscil-
lation loop may be increased. However, if the resistance
values of the gate resistors are increased, high-speed
switching cannot be performed. Therefore, in this em-
bodiment, the following IGBT module structure is em-
ployed to reduce the influence on the switching charac-
teristics and to prevent generation of the gate oscillation.

<Configuration of IGBT Module According to First Em-
bodiment>

[0034] Fig. 10 shows the configuration of the IGBT
module according to this embodiment. As shown in Fig.
10, an IGBT module 110 according to this embodiment
includes a plurality of IGBT mounting units (mounting
boards) 121. The plurality of IGBT mounting units 121
correspond to the IGBT circuits 111 (111b or 111a) in
Fig. 1, respectively.
[0035] The IGBT mounting units 121 (121a and 121b)
include diodes D1 (D1a and D1b) in addition to the con-
figuration of Study Example of Fig. 6. The diodes D1 (first
and second diodes) are connected in parallel to the re-
sistors R1 (first and second resistors) that are connected
to the gates of the IGBT elements SW, respectively. In
each of the diodes D1, the anode is connected to the
driver module 112 side (common node side), and the
cathode is connected to the gate side of the IGBT element
SW. The direction toward the gate is a forward direction.
The diodes D1 and the resistors R1 may be formed inside
the IGBT mounting units 121 (semiconductor chips), re-
spectively, or may be external components. A Schottky
barrier diode (SBD) or the like may be used as the diode.
The configuration other than the diode D1 is the same
as that in Fig. 6.
[0036] Fig. 11 shows parasitic components of a reso-
nant loop in the configuration of Fig. 10. Fig. 12 shows
an equivalent circuit of the resonant loop. As shown in
Fig. 11, like the configuration of Fig. 8, a gate capacitance
C0a is generated in the IGBT mounting unit 121a, a gate
capacitance C0b is generated in the IGBT mounting unit
121b, a parasitic inductor L0a is generated between the
collectors of the IGBT mounting units 121a and 121b,
and a parasitic inductor L0b is generated between the
gates of the IGBT mounting units 121a and 121b. Then,
as shown in Fig. 12, the resonant loop will become a
resonant loop including the resistor R1a and the diode
D1a that are connected in parallel, the gate capacitance
C0a, the parasitic inductor L0a, the gate capacitance
C0b, the resistor R1b and the diode D1b that are con-
nected in parallel, and the parasitic inductor L0b.
[0037] Although a regenerative current in the resonant
loop flows through the diode D1a, it tends to flow through
the resistor R1b because the diode D1b is in the reverse
direction and the current path is blocked. Therefore, the
resistance of the resistor R1b (damping resistor) may be
increased to thereby reduce the oscillation. Further, since
the gate direction of the diodes D1 (D1a and D1b) is the
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forward direction, the impedance of the gate charge path
at the time of turn-on can be maintained low. Thus, an
increase in the switching loss can also be prevented, and
the operations can be performed at a high speed.
[0038] When two IGBTs are connected in parallel,
there is one resonant loop. Thus, as shown in Fig. 13, a
parallel circuit composed of the diode D1 and the resistor
R1 may be inserted into the gate of at least one IGBT
element SW. When three or more IGBTs are connected
in parallel, there are a plurality of resonant loops. Thus,
it is preferable that a parallel circuit composed of the di-
ode D1 and the resistor R1 be inserted into each of the
gates of the IGBT elements SW. Further, the present
disclosure is not limited to the IGBT elements and instead
a power transistor such as a power MOSFET and the
like (a gate-driven three-terminal amplifying element)
may be used. That is, as shown in Fig. 13, the IGBT
module (semiconductor apparatus) 110 may include the
IGBT element SWb (the first power transistor) and the
IGBT element SWa (the second power transistor) that
are connected in parallel, the resistor R1 (the first resis-
tor) connected to the gate (the control terminal) of the
IGBT element SWb, and the diode D1 (the first diode)
connected in parallel to the resistor R1. In this diode D1,
the direction toward the gate is a forward direction.
[0039] As described above, in this embodiment, in the
drive system in which the IGBTs are connected in paral-
lel, the forward diode and the resistor that are connected
in parallel are inserted into the gate input unit of each
IGBT. With such a configuration, it is possible to prevent
an increase in the switching loss and to inhibit the oscil-
lation.
[0040] As in the above Study Example, it is effective
to increase the damping effect by increasing the resist-
ance values in the resonant loop as a measurement for
preventing the oscillation. However, if individual gate re-
sistance values are increased, the feature of the high-
speed switching included in the device cannot be fully
utilized. There has been a problem of trade-off between
oscillation suppression withstand capability and switch-
ing characteristics. For this reason, in Study Example,
even if high-speed IGBTs such as the EGE structure are
used, the advantage there of cannot be fully utilized.
However, by using the IGBTs in the drive system to which
this embodiment is applied, it is possible to make full use
of the features of high-speed switching also in applica-
tions for parallel connection. In such a case, the degree
of freedom in optimization design of device/module can
be improved.

Second Embodiment

[0041] In this embodiment, Implementation Example
of the IGBT module according to the first embodiment
will be described.

<Reference Example>

[0042] Fig. 14 shows a configuration of an IGBT mod-
ule according to Reference Example before the embod-
iments are applied. Fig. 15 shows the Reference Exam-
ple. This Reference Example is an example in which only
a resistor is inserted into the gate of the IGBT as in the
above-described Study Example.
[0043] As shown in Fig. 14, an IGBT module 920 of
Reference Example includes IGBT mounting units 921a
and 921b. The IGBT mounting units 921a and 921b in-
clude IGBT elements SWa and SWb and diodes FDa
and FDb, respectively. Resistors R1a and R1b are ex-
ternally connected to the gate terminals of the IGBT
mounting units 921a and 921b, respectively.
[0044] As shown in Fig. 15, Implementation Example
of the IGBT module 920 of Reference Example includes
gate potential regions (pattern: first mounting region)
301a and 301b, a collector potential region (pattern: sec-
ond mounting region) 302, and an emitter potential region
(pattern) 303. Each region is an island on which the re-
spective elements are to be mounted. Each region is a
base plate formed of a copper plate. In this example, in
each of the IGBT elements (IGBT chips) SWa and SWb,
collector terminals (backside terminals) are formed on a
rear surface (not shown), and emitter terminals (pads)
TE and gate terminals (pad) TG (frontside terminals) are
formed on a front surface.
[0045] The IGBT elements (IGBT chips) SWa and SWb
are mounted in the collector potential region 302. The
backside terminals (collector terminals) of the IGBT ele-
ments SWa and SWb are electrically connected to the
collector potential region 302. Diodes (diode chips) FDa
and FDb are mounted in the collector potential region
302. Backside terminals (cathode terminals) of the di-
odes FDa and FDb are electrically connected to the col-
lector potential region 302.
[0046] The resistors R1a and R1b are surface mount
chip resistors. The resistor R1a is mounted in a gate po-
tential region 301a, and the backside terminal of the re-
sistor R1a is electrically connected to the gate potential
region 301a. The resistor R1b is mounted in the gate
potential region 301b, and the backside terminal of the
resistor R1b is electrically connected to the gate potential
region 301b.
[0047] A plurality of emitter terminals TE on the front
surface of the IGBT elements SWa and SWb are electri-
cally connected to the emitter potential region 303 by
wires through the frontside terminals (anode terminals)
of the diodes FDa and FDb, respectively. The gate ter-
minals TG on the surface of the IGBT elements SWa and
SWb are electrically connected to the frontside terminals
of the resistors R1a and R1b, respectively, by wires. The
gate potential regions 301a and 301b are electrically con-
nected to each other by a wire. For example, the gate
potential region 301b is electrically connected to the driv-
er module 112. Gate signals are input to the gate potential
regions 301a and 301b.
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<Implementation Example 1>

[0048] Fig. 16 shows a configuration example for
achieving the IGBT module according to the first embod-
iment. Fig. 17 shows Implementation Example 1 of Fig.
16.
[0049] As shown in Fig. 16, an IGBT module 110 ac-
cording to this embodiment includes IGBT mounting units
121a and 121b. The IGBT mounting units 121a and 121b
have the same configuration as that of the IGBT mounting
units 921a and 921b of Reference example, respectively.
The resistor R1a and the diode D1a, the resistor R1b and
the diode D1b are externally connected to the gate ter-
minals.
[0050] As shown in Fig. 17, in Implementation Example
1 of the IGBT module 110 according to this embodiment,
the diode D1a is mounted in a gate potential region 301a.
The anode terminal of the diode D1a is electrically con-
nected to the gate potential region 301a, and the cathode
terminal of the diode D1a is electrically connected to the
frontside terminal of the resistor R1a (surface mount chip
resistor). Likewise, the diode D1b is mounted in the gate
potential region 301b. The anode terminal of the diode
D1b is electrically connected to the gate potential region
301b, and the cathode terminal of the diode D1b is elec-
trically connected to the frontside terminal of the resistor
R1b. Configuration other than the above components is
the same as that of Reference Example.
[0051] Fig. 18 shows another Implementation Exam-
ple. Fig. 18 shows an example in which a lead type re-
sistor is used as the resistors R1a and R1b. In this case,
regions (patterns) 304a and 304b for connecting the re-
sistors and regions (patterns) 305a and 305b for con-
necting the diodes are required. That is, one end of the
resistor R1a is connected to the region 304a, and another
end of the resistor R1a is connected to the gate potential
region 301a. The anode terminal of the diode D1a is con-
nected to the gate potential region 301a, and the cathode
terminal of the diode D1a is electrically connected to the
region 304a. Likewise, one end of the resistor R1b is
connected to the region 304b, and the other end is con-
nected to the gate potential region 301b. The anode ter-
minal of the diode D1b is connected to the gate potential
region 301b, and the cathode terminal of the diode D1b
is electrically connected to the region 304b.
[0052] Commonly, the shape of the gate node board
is determined by whether or not an external resistor is
present and the specification of the external resistor.
When a surface mount resistor is used, the regions can
be implemented by islands (regions) shown in Fig. 15.
While when a lead type resistor is used, an independent
island connected to a gate pad is necessary.
[0053] Therefore, when this embodiment is implement-
ed by lead type resistors, as shown in Fig. 18, it is nec-
essary to change a substrate and to add wiring, which
increases the disadvantage in terms of cost. On the other
hand, when a surface mount resistor is used, as shown
in Fig. 17, this embodiment can be implemented by add-

ing one diode (for each IGBT) without changing the sub-
strate layout to the configuration of Fig. 15. This maintains
the versatility of the substrate and minimizes an increase
in member cost and mounting process.
[0054] As shown in Fig. 18, if two lead resistance/lead
diodes are used from the gate pad, the same configura-
tion as the configuration shown in Fig. 18 can be imple-
mented. However, in this case, there may be a limitation
in an area of the pad.

<Implementation Example 2>

[0055] Fig. 19 shows another configuration example
for achieving the IGBT module according to the first em-
bodiment. Fig. 20 shows Implementation Example 2 of
Fig. 19.
[0056] As shown in Fig. 19, an IGBT module 110 ac-
cording to this embodiment includes IGBT mounting units
121a and 121b. The IGBT mounting units 121a and 121b
includes IGBT elements SWa and SWb, diodes FDa and
FDb, resistors R1a and R1b, and diodes D1a and D1b,
respectively.
[0057] As shown in Fig. 20, the resistors R1a and R1b
and the diodes D1a and D1b are formed in the IGBT
mounting units 121a and 121b in Implementation Exam-
ple 2 of the IGBT module 110 according to this embodi-
ment. Thus, it is only necessary to connect the gate ter-
minals TG of the IGBT element SWa and SWb to the
gate potential regions 301a and 301b, respectively. Con-
figuration other than the above components is the same
as that of Fig. 17,
[0058] As described above, Implementation Example
2 is an example in which the gate resistors and the parallel
diodes are included inside the IGBT chip. Accordingly,
this embodiment can be implemented without changing
the external component configuration from the configu-
ration before this embodiment is applied.

<Implementation Example 3>

[0059] Fig. 21 shows another configuration example
for achieving the IGBT module according to the first em-
bodiment. Fig. 22 shows Implementation Example 3 of
Fig. 21.
[0060] As shown in Fig. 21, an IGBT module 110 ac-
cording to this embodiment includes IGBT mounting units
121a and 121b. The IGBT mounting units 121a and 121b
includes IGBT elements SWa and SWb, diodes FDa and
FDb, resistors R1a and R1b, respectively. The diodes
D1a and D1b are externally connected to the gate termi-
nals.
[0061] As shown in Fig. 22, in Implementation Example
3 of the IGBT module 110 according to this embodiment,
the resistors R1a and R1b are formed in the IGBT mount-
ing units 121a and 121b, respectively. Thus, gate termi-
nals TG1 and TG2 at both ends of the resistor R1 are
included as frontside terminals of the IGBT elements
SWa and SWb. Further, regions (pattern: third mounting
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region) 306a and 306b for connecting the diodes are in-
cluded.
[0062] In the IGBT mounting unit 121a, the gate termi-
nal TG1 is connected to the gate potential region 301a,
the gate terminal TG2 is connected to the region 306a,
and the diode D1a is connected between the region 306a
and the gate potential region 301a. In the IGBT mounting
unit 121b, the gate terminal TG1 is connected to the gate
potential region 301b, the gate terminal TG2 is connected
to the region 306b, and the diode D1b is connected be-
tween the region 306b and the gate potential region 301b.
Configuration other than the above components is the
same as the configuration of Fig. 17.
[0063] As described above, in Implementation Exam-
ple 3, only the gate resistors are included in the IGBT
chips, pads are provided at both ends of the resistors,
and parallel diodes are connected thereto. Therefore, this
embodiment can be achieved by one external diode (for
each IGBT).
[0064] Although the invention made by the present in-
ventor has been described in detail based on the embod-
iments, it is obvious that the present disclosure is not
limited to the above embodiments, and various modifi-
cations can be made without departing from the scope
of the invention.
[0065] The first and second embodiments can be com-
bined as desirable by one of ordinary skill in the art.
[0066] While the invention has been described in terms
of several embodiments, those skilled in the art will rec-
ognize that the invention can be practiced with various
modifications within the spirit and scope of the appended
claims and the invention is not limited to the examples
described above.
[0067] Further, the scope of the claims is not limited
by the embodiments described above.
[0068] Furthermore, it is noted that, Applicant’s intent
is to encompass equivalents of all claim elements, even
if amended later during prosecution.

Claims

1. A semiconductor apparatus comprising:

first and second power transistors connected in
parallel to each other;
a first resistor connected to a control terminal of
the first power transistor; and
a first diode connected in parallel to the first re-
sistor, wherein in the first diode, a direction to-
ward the control terminal of the first power tran-
sistor is a forward direction.

2. The semiconductor apparatus according to Claim 1,
wherein
first terminals or second terminals of the first and
second power transistors are commonly connected,
and

control terminals of the first and second power tran-
sistors are commonly connected through the first re-
sistor and the first diode.

3. The semiconductor apparatus according to Claim 1
or 2, further comprising:

a second resistor connected to the control ter-
minal of the second power transistor; and
a second diode connected in parallel to the sec-
ond resistor, wherein in the second diode, a di-
rection toward the control terminal of the second
power transistor is a forward direction.

4. The semiconductor apparatus according to one of
Claims 1 to 3, wherein the first and second power
transistors are IGBT elements.

5. The semiconductor apparatus according to Claim 4,
wherein the IGBT element includes a gate-gate
structure in which first and second trench gates are
arranged with a channel region interposed therebe-
tween.

6. The semiconductor apparatus according to Claim 4
or 5, wherein the IGBT element includes an emitter-
gate-emitter structure in which first and second
trench emitters are arranged with a channel region
and a trench gate interposed therebetween.

7. The semiconductor apparatus according to one of
Claims 1 to 6, further comprising:

a first mounting region on which a semiconduc-
tor chip is mounted including the first power tran-
sistor formed thereon; and
a second mounting region on which the first re-
sistor and the first diode are mounted, the first
resistor and the first diodes being connected to
the first power transistor, and a control signal for
the control terminal being supplied to the second
mounting region.

8. The semiconductor apparatus according to Claim 7,
wherein the first resistor is a surface mount chip re-
sistor.

9. The semiconductor apparatus according to one of
Claims 1 to 8, further comprising:

a first mounting region on which a semiconduc-
tor chip is mounted, the semiconductor chip in-
cluding the first power transistor, the first resis-
tor, and the first diode formed thereon; and
a second mounting region connected to the first
resistor and the first diode and supplied with a
control signal for the control terminal.
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10. The semiconductor apparatus according to one of
Claims 1 to 9, further comprising:

a first mounting region on which a semiconduc-
tor chip is mounted, the semiconductor chip in-
cluding the first power transistor and the first re-
sistor formed thereon;
a second mounting region connected to the first
resistor and supplied with a control signal for the
control terminal; and
a third mounting region connected to the first
power transistor and the first resistor and in-
cludes the first diode mounted thereon.

11. An inverter system comprising:

an inverter circuit including first and second pow-
er transistor circuits connected in series; and
a driving circuit configured to drive the first and
second power transistor circuits, wherein
the first and second power transistor circuits
comprise:

a plurality of power transistors connected in
parallel;
a plurality of resistors connected to control
terminals of the plurality of power transis-
tors, respectively;
a plurality of diodes connected in parallel to
the plurality of resistors, respectively,
wherein

in the diodes, a direction toward each of the con-
trol terminals of the plurality of power transistors
is a forward direction.
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