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SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a Divisional Application 
of U.S. patent application Ser. No. 147844,861 filed Sep. 3, 
2015, which claims priority from Japanese Patent Applica 
tion No. 2014-25.6614 filed Dec. 18, 2014, the contents of 
which are all herein incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

0002 Field of the Invention 
0003. The present invention relates to a semiconductor 
device forming a three-level power converter in which a 
turnoff Surge Voltage is reduced by reducing an inductance 
component. 
0004 Background Art 
0005. A three-level power converter has been adopted as 
a power converter for converting direct-current power into 
alternating-current power or for converting alternating-cur 
rent power into direct-current power. A three-level power 
converter can reduce waveform distortion in an alternating 
current Voltage and enables producing an acoustic noise/ 
electrical noise reduction effect. 
0006 FIGS. 20 and 21 are circuit diagrams each showing 
a conventional three-level power converter. FIG. 20 shows 
a 4-in-1 module, while FIG. 21 shows a 2-in-1 module and 
a collector-common module. 

0007 External terminals P and N are connected to a 
high-voltage terminal and a low-voltage terminal, respec 
tively, of a direct-current Voltage source circuit in which 
direct-current voltage sources DV1 and DV2 are connected 
in series. An external terminal C is connected to a connect 
ing point between the direct-current voltage source DV1 and 
the direct-current voltage source DV2. A switching element 
Q1 is connected between the external terminal P and an 
external terminal AC. A Switching element Q2 is connected 
between the external terminal AC and the external terminal 
N. Switching elements Q3 and Q4 are connected in inverse 
series connection with each other as an AC Switch unit 
between the external terminal C and the external terminal 
AC. 

0008. The device shown in FIG. 20 is formed by incor 
porating the Switching elements Q1 to Q4 in one module M 
and connecting the module to the direct-current Voltage 
source circuit. The device shown in FIG. 21 is formed by 
incorporating in a first module M1 the Switching elements 
Q1 and Q2 forming a bridge unit, incorporating in a second 
module M2 the switching elements Q3 and Q4 forming the 
AC Switch unit and connecting the first and second modules 
to the direct-current Voltage source circuit (see, for example, 
International Publication No. WO 2010/146637). 

SUMMARY OF THE INVENTION 

0009. When one of the switching elements Q1 to Q4 is 
turned on while the others are turned off, a voltage is output 
from the external terminal AC. At this time, a high frequency 
current is caused by Switching to flow through a commuta 
tion loop extending from the direct-current Voltage source 
and returning to the direct-current Voltage source via the 
Switching element, thereby generating a high di/dt. -Lidi/dt 
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generated by the inductance component of this commutation 
loop is applied as a turnoff Surge Voltage to an IGBT in the 
Switching element. 
0010 Turnoff surge voltages corresponding to the respec 
tive inductances of the commutation loop including the 
direct-current voltage source DV1 and the switching ele 
ments Q1, Q3, and Q4 and the commutation loop including 
the direct-current voltage source DV2 and the switching 
elements Q2, Q3, and Q4 are generated. In the case of the 
device shown in FIG. 20, it is difficult to simultaneously 
reduce both the inductances of the two commutation loops 
and, therefore, either of the turnoff surge voltages can be 
high. In the case of the device shown in FIG. 21, the turnoff 
Surge Voltages are increased by the inductance component of 
a portion connecting the first module M1 and the second 
module M2. 
0011. If the turnoff surge voltage on the IGBT exceeds 
the withstand voltage, the IGBT is broken. There is a need 
to provide a bypass for the high frequency current by 
connecting a film capacitor or a Snubber circuit in the 
vicinity of the semiconductor device in order to avoid 
breakage of the IGBT. The added capacitor or snubber 
circuit, however, causes a loss at the time of Switching. Use 
of a Switching element of a high withstand Voltage in place 
of the snubber circuit is possible but it entails not only an 
increase in price of the semiconductor device but also an 
increase in conduction loss. 
0012. Also, di/dt may be reduced by reducing the switch 
ing speed of the IGBT in order to limit the turnoff Surge 
Voltage. In Such a case, however, an increase in loss in the 
switching element occurs. With a power converter for use, 
for example, in a Solar power conditioner or an uninterrupt 
ible power supply (UPS), in which importance is attached to 
the conversion efficiency, there is a problem that the con 
version efficiency is reduced with an increase in loss in the 
semiconductor device and the power converter due to turnoff 
Surge Voltages. 
0013. In view of the above-described problems, an object 
of the present invention is to provide a semiconductor device 
capable of reducing turnoff Surge Voltages and losses. 
0014. According to the present invention, a semiconduc 
tor device includes: first and second external terminals 
connected to a high-voltage terminal and a low-voltage 
terminal, respectively, of a direct-current Voltage source 
circuit in which first and second direct-current Voltage 
Sources are connected in series; a third external terminal 
connected to a connecting point between the first and second 
direct-current Voltage sources; a fourth external terminal; a 
first switching element connected between the first external 
terminal and the fourth external terminal; a second Switching 
element connected between the fourth external terminal and 
the second external terminal; a first AC Switch unit including 
third and fourth Switching elements connected in inverse 
series connection with each other between the third external 
terminal and the fourth external terminal; and a second AC 
Switch unit including fifth and sixth Switching elements 
connected in inverse series connection with each other 
between the third external terminal and the fourth external 
terminal, wherein the first and second AC switch units are 
connected in parallel with each other, and the first and 
second Switching elements and the first and second AC 
Switch units are incorporated in one module. 
0015 Since the first and second AC switch units are 
connected in parallel with each other in the present inven 



US 2017/011 7820 A1 

tion, the inductance component of the first commutation 
loop and the inductance component of the second commu 
tation loop can be simultaneously reduced. Also, since the 
first and second Switching elements in the bridge unit and the 
first and second AC Switch units are incorporated in one 
module, the inductance of each commutation loop is Small, 
thus enabling reducing the turnoff Surge Voltages. There is 
no need for a Snubber circuit for bypassing or a Switching 
element of a high withstand Voltage, and there is also no 
need to reduce the Switching speed, thus enabling reducing 
losses. 
0016 Other and further objects, features and advantages 
of the invention will appear more fully from the following 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a circuit diagram showing a semiconduc 
tor device according to a first embodiment of the present 
invention. 
0018 FIG. 2 is a circuit diagram showing a semiconduc 
tor device according to a second embodiment of the present 
invention. 
0019 FIG. 3 is a circuit diagram showing a semiconduc 
tor device according to a third embodiment of the present 
invention. 
0020 FIG. 4 is a circuit diagram showing a semiconduc 
tor device according to a fourth embodiment of the present 
invention. 
0021 FIGS. 5 to 7 are circuit diagrams showing modified 
examples 1 to 3 of the semiconductor device according to 
the fourth embodiment of the present invention. 
0022 FIG. 8 is a circuit diagram showing a semiconduc 
tor device according to a fifth embodiment of the present 
invention. 
0023 FIGS. 9 to 11 are circuit diagrams showing modi 
fied examples 1 to 3 of the semiconductor device according 
to the fifth embodiment of the present invention. 
0024 FIG. 12 is a circuit diagram showing a semicon 
ductor device according to a sixth embodiment of the 
present invention. 
0025 FIGS. 13 to 15 are circuit diagrams showing modi 
fied examples 1 to 3 of the semiconductor device according 
to the sixth embodiment of the present invention. 
0026 FIG. 16 is a circuit diagram showing a semicon 
ductor device according to a seventh embodiment of the 
present invention. 
0027 FIGS. 17 to 19 are circuit diagrams showing modi 
fied examples 1 to 3 of the semiconductor device according 
to the seventh embodiment of the present invention. 
0028 FIGS. 20 and 21 are circuit diagrams each showing 
a conventional three-level power converter. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0029. A semiconductor device according to the embodi 
ments of the present invention will be described with 
reference to the drawings. The same components will be 
denoted by the same symbols, and the repeated description 
thereof may be omitted. 

First Embodiment 

0030 FIG. 1 is a circuit diagram showing a semiconduc 
tor device according to a first embodiment of the present 
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invention. External terminals P and N are connected to a 
high-voltage terminal and a low-voltage terminal, respec 
tively, of a direct-current Voltage source circuit in which 
direct-current voltage sources DV1 and DV2 are connected 
in series. An external terminal C is connected to a connect 
ing point between the direct-current voltage source DV1 and 
the direct-current voltage source DV2. A switching element 
Q1 is connected between the external terminal P and an 
external terminal AC. A Switching element Q2 is connected 
between the external terminal AC and the external terminal 
N 

0031 Switching elements Q3 and Q4 are connected in 
inverse series connection with each other as an AC Switch 
unit SW1 between the external terminal C and the external 
terminal AC. Switching elements Q5 and Q6 are connected 
in inverse series connection with each other as an AC Switch 
unit SW2 between the external terminal C and the external 
terminal AC. The AC Switch units SW1 and SW2 are 
connected in parallel with each other. 
0032 Each of the switching elements Q1 to Q6 is, for 
example, an insulated gate bipolar transistor (IGBT). Diodes 
D1 to D6 are connected in inverse parallel connection with 
the switching elements Q1 to Q6, respectively. 
0033. The switching elements Q1 to Q6 and the diodes 
D1 to D6 are incorporated in one module M. The AC switch 
units SW1 and SW2 are connected in parallel with each 
other in the module M. 

0034. When E V is applied between the terminals Pand 
N, E/2 IV is applied between the terminals P and C and 
applied between the terminals C and N. When the switching 
element Q1 in the switching elements Q1 to Q6 is turned on 
while the other switching elements are turned off, a voltage 
of E V is output from the external terminal AC. When one 
of the switching elements Q3 to Q6 in the switching ele 
ments Q1 to Q6 is turned on while the other switching 
elements are turned off, when the switching elements Q3 and 
Q5 are turned on while the other switching elements are 
turned off, or when the switching elements. Q4 and Q6 are 
turned on while the other switching elements are turned off, 
a voltage of E/2 IV is output from the external terminal AC. 
When the switching element Q2 in the switching elements 
Q1 to Q6 is turned on while the other switching elements are 
turned off, a voltage of 0 V is output from the external 
terminal AC. 
0035. This power converter can thus generate alternating 
current Voltages consisting of three potentials at three levels 
0, E/2, and E. 
0036 Turnoff surge voltages on the switching elements 
Q1, Q3, and Q4 are generated according to an inductance 
component of a first commutation loop extending from the 
direct-current voltage source DV1 to one after another of the 
external terminal P, the switching element Q1, the AC switch 
unit SW1 in which the switching elements Q3 and Q4 are 
connected in inverse series connection with each other and 
the external terminal C and returning to the direct-current 
Voltage source DV1. Turnoff Surge Voltages on the Switching 
elements Q2, Q5, and Q6 are generated according to an 
inductance component of a second commutation loop 
extending from the direct-current voltage source DV2 to one 
after another of the external terminal C, the AC switch unit 
SW2 in which the switching elements Q5 and Q6 are 
connected in inverse series connection with each other, the 
switching element Q2 and the external terminal N and 
returning to the direct-current voltage source DV2. 
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0037. Since the AC switch units SW1 and SW2 are 
connected in parallel with each other in the present embodi 
ment, the inductance component of the first commutation 
loop and the inductance component of the second commu 
tation loop can be simultaneously reduced. Also, since the 
switching elements Q1 and Q2 in the bridge unit and the AC 
switch units SW1 and SW2 are incorporated in one module 
M, the inductance of each commutation loop is Small, thus 
enabling reducing the turnoff Surge Voltages. There is no 
need for a Snubber circuit for bypassing or a Switching 
element of a high withstand Voltage, and there is also no 
need to reduce the Switching speed, thus enabling reducing 
losses. Also, the increase in temperature of the AC switch 
unit can be limited by dividing the loss in the AC switch unit 
into two. 
0038. The direct-current voltage sources and the module 
M can be disposed closed to each other by placing the 
external terminal P and the external terminal C of the 
module Madjacent to the direct-current Voltage sources. It 
is, therefore, easy to effectively mount parallel plates or 
Snubber circuits and to reduce the inductance component of 
the connecting portion. The same can also be said with 
respect to the external terminals C and N. 
0039. To reduce the inductance, the external terminal P 
and the external terminal C are disposed as close as possible 
to each other and the external terminal N and the external 
terminal C are disposed as close as possible to each other 
provided that a certain insulation distance can be secured. 
The distance between the external terminal P and the exter 
nal terminal AC is set at least 1.5 times the distance between 
the external terminal P and the external terminal C, and the 
distance between the external terminal N and the external 
terminal AC is set at least 1.5 times the distance between the 
external terminal N and the external terminal C. For 
example, the external terminals P. C., and N are disposed in 
this order on one side of a three-level T-type 4-in-1 module, 
and the external terminal AC is disposed on the side opposite 
from the side on which external terminals P. C., and N are 
disposed. 

Second Embodiment 

0040 FIG. 2 is a circuit diagram showing a semiconduc 
tor device according to a second embodiment of the present 
invention. An external terminal C1 connected to the first AC 
switch unit and an external terminal C2 connected to the 
second AC switch unit are provided in place of the external 
terminal C in the first embodiment. An external terminal 
AC1 connected to the switching element Q1 and to the first 
AC switch unit and an external terminal AC2 connected to 
the switching element Q2 and to the second AC switch unit 
are provided in place of the external terminal AC in the first 
embodiment. The external terminals C1 and C2 are electri 
cally connected to each other not in the module M but 
outside the module M. The external terminals AC1 and AC2 
are electrically connected to each other not in the module M 
but outside the module M. 
0041. The external terminal P and the external terminal 
C1 are placed close to each other, the external terminal N 
and the external terminal C2 are placed close to each other, 
and the external terminal C1 and the external terminal C2 are 
placed close to each other. The distance between the external 
terminal P and the external terminal AC1 is set at least 1.5 
times the distance between the external terminal P and the 
external terminal C1. The distance between the external 
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terminal N and the external terminal AC2 is set at least 1.5 
times the distance between the external terminal N and the 
external terminal C2. 
0042. In the present embodiment, the connections 
between the first and second switch units in parallel con 
nection are made outside the module M. The internal wiring 
in the module M can thereby be simplified in comparison 
with that in the first embodiment in which the connections 
between the first and second AC switch units in parallel 
connection are made in the module M, thereby further 
reducing the inductance components in the module M. Thus, 
the occurrence of Surge Voltages at the time of Switching can 
be further reduced and the reduction in conversion efficiency 
of the power converter with the increase in loss due to the 
turnoff Surge Voltages can be reduced. 
0043. While in the present embodiment the external 
terminals C1 and C2 are externally connected and the 
external terminals AC1 and AC2 are externally connected, 
either the external terminals C1 and C2 or the external 
terminals AC1 and AC2 may be externally connected. 

Third Embodiment 

0044 FIG. 3 is a circuit diagram showing a semiconduc 
tor device according to a third embodiment of the present 
invention. In the present embodiment, the Switching element 
Q1 and the AC switch unit SW1 are incorporated in the 
module M1, while the switching element Q2 and the AC 
switch unit SW2 are incorporated in the module M2. The 
connections between the first and second AC switch units in 
parallel connection are made outside the modules M1 and 
M2, thus forming a semiconductor device having the same 
circuit connections as those in the second embodiment. 
0045. The module M1 has external terminals P. C1, and 
AC1, and the module M2 has external terminals N, C2, and 
AC2. The external terminal P and the external terminal C1 
are placed close to each other and the external terminal N 
and the external terminal C2 are placed close to each other. 
The distance between the external terminal P and the exter 
nal terminal AC1 is set at least 1.5 times the distance 
between the external terminal P and the external terminal 
C1. The distance between the external terminal N and the 
external terminal AC2 is set at least 1.5 times the distance 
between the external terminal N and the external terminal 
C2. 
0046. In the present embodiment, the degree of freedom 
of layout in the entire power converter is increased by 
forming two separate modules in comparison with the first 
embodiment using only one module. In particular, in a case 
where a plurality of modules are connected in parallel with 
each other to secure a predetermined current capacity, the 
inductances of the commutation loops can be reduced by 
disposing the first and second direct-current Voltage sources 
DV1 and DV2 close to the modules M1 and M2 and by 
forming going and returning lines closed to each other (by 
forming the lines of parallel plates or the like). Also, the 
provision of the divided modules enables increasing the heat 
sink area between the semiconductor device and a piece of 
heat dissipation and cooling equipment (e.g., a heat sink) 
and improving the heat dissipation effect. 
0047. Since the external terminal C1 of the module M1 
and the external terminal C2 of the module M2 are con 
nected to each other, and since the external terminal AC1 of 
the module M1 and the external terminal AC2 of the module 
AC2 are connected to each other, it is desirable to dispose 
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the external terminals of the modules M1 and M2 so that 
they are line symmetric about one side. 

Fourth Embodiment 

0048 FIG. 4 is a circuit diagram showing a semiconduc 
tor device according to a fourth embodiment of the present 
invention. This semiconductor device is suitable for use (for 
example, in an inverter or a solar power conditioner) in 
which if the direction in which the current flows from the 
direct-current Voltage source circuit into the semiconductor 
device is positive, the average current is limited to a positive 
(power factor PF=0 to 1). 
0049. A switching element Q7 and a diode D7 are con 
nected in inverse series connection with each other as AC 
switch unit SW1 between the external terminal C1 and the 
external terminal AC1. A switching element Q8 and a diode 
D8 are connected in inverse series connection with each 
other as AC switch unit SW2 between the external terminal 
C2 and the external terminal AC2. The AC switch units SW1 
and SW2 are connected in parallel with each other. The AC 
switch units SW1 and SW2 are connected in inverse series 
connection with the Switching elements Q1 and Q2, respec 
tively. The switching element Q1 and the AC switch unit 
SW1 are incorporated in a module M1, while the switching 
element Q2 and the AC switch unit SW2 are incorporated in 
a module M2. 
0050. The connections between the AC switch units SW1 
and SW2 in inverse parallel connection are made outside the 
modules M1 and M2. The same function as that in the third 
embodiment can therefore be expected in use in which the 
average current is limited to a positive. This is because if the 
average current is limited to a positive, the path for energi 
zation of the switching elements Q1 and Q2 and the AC 
switch units SW1 and SW2, i.e., the order in which the 
Switching elements operate, can be uniquely determined. A 
combination of the Switching elements exists such that the 
Switching elements do not operate continuously, and the 
inductance components between those Switching elements 
do not contribute to an increase in turnoff Surge Voltage. 
Therefore, the switching elements in the AC switch units 
SW1 and SW2 can be reduced. A reduction in size of the 
semiconductor device and, hence, a reduction in size of the 
entire power converter can thereby be achieved and the 
control of the Switching elements can also be simplified. 
0051 FIGS. 5 to 7 are circuit diagrams showing modified 
examples 1 to 3 of the semiconductor device according to 
the fourth embodiment of the present invention. In modified 
example 1, the orders of the Switching elements and the 
diodes in the AC switch units SW1 and SW2 are reversed 
with respect to those in the example shown in FIG. 4. Thus, 
the Switching elements and the diodes may be disposed in 
any order in the AC switch units SW1 and SW2. 
0052. In modified examples 2 and 3, diodes D9 and D10 
are connected in inverse parallel connection with the Switch 
ing elements Q7 and Q8. By the switching operations of the 
Switching elements Q1 and Q2, reverse withstand Voltages 
are applied to the switching elements Q7 and Q8. The diodes 
D9 and D10 protect the switching elements Q7 and Q8 from 
these reverse withstand Voltages, thereby preventing ele 
ment breakage. 
0053. It is not necessary to factor in conduction losses in 
the diodes D9 and D10. Therefore, the chip area of the 
diodes D9 and D10 equal to or smaller than half that of the 
switching elements Q7 and Q8 may suffice. Since each of the 
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directions of currents flowing in the AC switch units SW1 
and SW2 is limited to one direction, the diodes D9 and D10 
may be removed. 
0054. The ratios of the areas of the diodes D1 and D2 to 
the areas of the switching elements Q1 and Q2 which are 
IGBTs are ordinarily about 0.5 to 0.85 respectively. On the 
other hand, these ratios are preferably 0.1 to 0.4 in the case 
of use (e.g., in a Solar power conditioner) limited to an 
operation in which the average current is positive and the 
power factor is equal to or higher than a certain value (e.g., 
PF=0.8 to 1.0). The current capacity of the switching ele 
ments Q1 and Q2 is increased thereby. At PF=0.8 to 1.0, the 
steady loss in the Switching elements Q1 and Q2 is domi 
nant. Therefore, the steady loss may be reduced by increas 
ing the current capacity of the Switching elements Q1 and 
Q2 in order to reduce the loss in the entire device. Also, at 
PF=0.8 to 1.0, the loss generated in the diodes D1 and D2 
is markedly small in comparison with that in the Switching 
elements Q1 and Q2. Therefore, the capacitive component 
may be reduced by selecting diodes D1 and D2 capable of 
allowing the least peak current in order to reduce the loss in 
the entire device including the Switching losses in the 
Switching elements Q1 and Q2. 

Fifth Embodiment 

0055 FIG. 8 is a circuit diagram showing a semiconduc 
tor device according to a fifth embodiment of the present 
invention. An external terminal X1 connected to the con 
necting point between the switching element Q7 and the 
diode D7 is provided on the module M1. An external 
terminal X2 connected to the connecting point between the 
switching element Q8 and the diode D8 is provided on the 
module M2. The external terminals X1 and X2 are con 
nected outside the modules M1 and M2 to connect the 
switching elements Q7 and Q8 in inverse series connection. 
In other respects, the arrangement is the same as that in the 
fourth embodiment. 
0056. The connection between the connecting point 
between the switching element Q7 and the diode D7 and the 
connecting point between the Switching element Q8 and the 
diode D8 made as described above stabilizes the potential 
between the switching elements Q7 and Q8 and stabilizes 
the Switching operation particularly in a case where a 
plurality of semiconductor devices are connected in parallel 
with each other. 
0057. In a case where a plurality of semiconductor 
devices are connected in parallel with each other to secure 
a predetermined current capacity, the Voltage between the 
switching elements Q7 and Q8 in the modules M1 and M2 
connected in parallel with each other can be made uniform 
to prevent current unbalance in the parallel connection. 
0058. The values of the current flowing through the AC 
Switch units SW1 and SW2 can be detected from the 
potential difference between the external terminals X1 and 
X2. Therefore, characteristic checking and inspection on the 
elements in the AC switch units SW1 and SW2 can be 
performed. 
0059 Also, the provision of the external terminals X1 
and X2 on the modules M1 and M2 having reliable insu 
lating characteristics enables avoidance of generation of any 
metallic pattern floating electrically in the device (having no 
electrical connection to the outside) and, hence, prevention 
of insulation deterioration of the semiconductor device. In a 
case where emitter-common connections of Switching ele 
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ments Q7 and Q8 are made, the external terminals X1 and 
X2 can also be used for emitter sense for gate drive. 
0060 FIGS. 9 to 11 are circuit diagrams showing modi 
fied examples 1 to 3 of the semiconductor device according 
to the fifth embodiment of the present invention. In modified 
example 1, the orders of the Switching elements and the 
diodes in the AC switch units SW1 and SW2 are reversed 
with respect to those in the example shown in FIG.8. Thus, 
the Switching elements and the diodes may be disposed in 
any order in the AC switch units SW1 and SW2. 
0061. In modified examples 2 and 3, diodes D9 and D10 
are connected in inverse parallel connection with the Switch 
ing elements Q7 and Q8. By the switching operations of the 
Switching elements Q1 and Q2, reverse withstand Voltages 
are applied to the switching elements Q7 and Q8. The diodes 
D9 and D10 protect the switching elements Q7 and Q8 from 
these reverse withstand Voltages, thereby preventing ele 
ment breakage. 
0062. The external terminals X1 and X2 are made smaller 
in surface area than the other external terminals such as P. N. 
C1, C2, AC1, and AC2. As a result, an inductance compo 
nent is generated between the external terminals X1 and X2 
electrically connected. This inductance component impedes 
currents flowing into the diodes D9 and D10 (conduction). 
Therefore, it is not necessary to factor in conduction losses 
in the diodes D9 and D10, and the chip area of the diodes D9 
and D10 equal to or smaller than half that of the switching 
elements Q7 and Q8 may suffice. Since each of the direc 
tions of currents flowing in the AC switch units SW1 and 
SW2 is limited to one direction, the diodes D9 and D10 may 
be removed. 

Sixth Embodiment 

0063 FIG. 12 is a circuit diagram showing a semicon 
ductor device according to a sixth embodiment of the 
present invention. This semiconductor device is suitable for 
use (for example, in a charger or a regeneration operation) 
in which if the direction in which the current flows from the 
direct-current Voltage source circuit into the semiconductor 
device is positive, the average current is limited to a negative 
(power factor PF=0 to -1). The directions of the diodes D7 
and D8 are opposite to those in the fourth embodiment, and 
the AC switch units SW1 and SW2 are connected in series 
connection with the Switching elements Q1 and Q2. 
0064. The connections between the AC switch units SW1 
and SW2 in inverse parallel connection are made outside the 
first and second modules. The same function as that in the 
third embodiment can therefore be expected in use in which 
the average current is limited to a negative. This is because 
if the average current is limited to a negative, the energiza 
tion path, i.e., the order in which the Switching elements 
operate, can be uniquely determined, as in the case where the 
average current is limited to a positive. A combination of the 
Switching elements exists such that the Switching elements 
do not operate continuously, and the inductance components 
between those Switching elements do not contribute to an 
increase in turnoff Surge Voltage. Therefore, the Switching 
elements in the AC switch units SW1 and SW2 can be 
reduced. A reduction in size of the semiconductor device 
and, hence, a reduction in size of the entire power converter 
can thereby be achieved and the control of the switching 
elements can also be simplified. 
0065 FIGS. 13 to 15 are circuit diagrams showing modi 
fied examples 1 to 3 of the semiconductor device according 
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to the sixth embodiment of the present invention. In modi 
fied example 1, the orders of the switching elements and the 
diodes in the AC switch units SW1 and SW2 are reversed 
with respect to those in the example shown in FIG. 12. Thus, 
the Switching elements and the diodes may be disposed in 
any order in the AC switch units SW1 and SW2. 
0066. In modified examples 2 and 3, diodes D9 and D10 
are connected in inverse parallel connection with the Switch 
ing elements Q7 and Q8. By the switching operations of the 
Switching elements Q1 and Q2, reverse withstand Voltages 
are applied to the Switching elements 
0067 Q7 and Q8. The diodes D9 and D10 protect the 
switching elements Q7 and Q8 from these reverse withstand 
Voltages, thereby preventing element breakage. 
0068. It is not necessary to factor in conduction losses in 
the diodes D9 and D10. Therefore, the chip area of the 
diodes D9 and D10 equal to or smaller than half that of the 
switching elements Q7 and Q8 may suffice. Since each of the 
directions of currents flowing in the AC switch units SW1 
and SW2 is limited to one direction, the diodes D9 and D10 
may be removed. 
0069. The ratios of the areas of the diodes D1 and D2 to 
the areas of the switching elements Q1 and Q2 which are 
IGBTs are ordinarily about 0.5 to 0.85. On the other hand, 
these ratios are preferably equal to or higher than 0.85 
respectively in the case of use (e.g., in a charger) limited to 
an operation in which the average current is negative and the 
power factor is equal to or higher than a certain value (e.g., 
PF=-0.8 to -1.0). The current capacity of the diodes D1 and 
D2 is increased thereby. At PF=-0.8 to -1.0, the steady loss 
in the diodes D1 and D2 is dominant. Therefore, the steady 
loss may be reduced by increasing the current capacity of the 
diodes D1 and D2 in order to reduce the loss in the entire 
device. Also, at PF=-0.8 to -1.0, the loss generated in the 
Switching elements Q1 and Q2 is markedly small in com 
parison with that in the diodes D1 and D2. Therefore, the 
capacitive component may be reduced by selecting Switch 
ing elements Q1 and Q2 capable of allowing the least peak 
current in order to reduce the loss in the entire device 
including the switching losses in the diodes D1 and D2. 

Seventh Embodiment 

0070 FIG. 16 is a circuit diagram showing a semicon 
ductor device according to a seventh embodiment of the 
present invention. An external terminal X1 connected to the 
connecting point between the Switching element Q7 and the 
diode D7 is provided on the module M1. An external 
terminal X2 connected to the connecting point between the 
switching element Q8 and the diode D8 is provided on the 
module M2. The external terminals X1 and X2 are con 
nected outside the modules M1 and M2 to connect the 
switching elements Q7 and Q8 in inverse series connection. 
In other respects, the arrangement is the same as that in the 
sixth embodiment. The same effects as those in the fifth 
embodiment can thereby obtained. 
0071 FIGS. 17 to 19 are circuit diagrams showing modi 
fied examples 1 to 3 of the semiconductor device according 
to the seventh embodiment of the present invention. In 
modified example 1, the orders of the switching elements 
and the diodes in the AC switch units SW1 and SW2 are 
reversed with respect to those in the example shown in FIG. 
16. In modified examples 2 and 3, diodes D9 and D10 are 
connected in inverse parallel connection with the Switching 
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elements Q7 and Q8. The same effects as those in the 
modified examples 1 to 3 of the fifth embodiment can 
thereby obtained. 
0072 The present invention is not limited to the collec 
tor-common semiconductor devices described above as the 
first to seventh embodiments. The present invention can also 
be applied to an emitter-common semiconductor device to 
achieve the same effects. 
0073 
the present invention are possible in the light of the above 
teachings. It is therefore to be understood that within the 
Scope of the appended claims the invention may be practiced 
otherwise than as specifically described. 
What is claimed is: 
1. A semiconductor device comprising: 
first and second external terminals connected to a high 

Voltage terminal and a low-voltage terminal, respec 
tively, of a direct-current voltage source circuit in 
which first and second direct-current voltage sources 
are connected in series: 

a third external terminal connected to a connecting point 
between the first and second direct-current voltage 
Sources; 

Obviously many modifications and variations of 
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a fourth external terminal; 
a first switching element connected between the first 

external terminal and the fourth external terminal; 
a second switching element connected between the fourth 

external terminal and the second external terminal; 
a first AC switch unit including third and fourth switching 

elements connected in inverse series connection with 
each other between the third external terminal and the 
fourth external terminal; and 

a second AC switch unit including fifth and sixth switch 
ing elements connected in inverse series connection 
with each other between the third external terminal and 
the fourth external terminal, 

wherein the first and second AC switch units are con 
nected in parallel with each other, and 

the first and second switching elements and the first and 
second AC switch units are incorporated in one mod 
ule. 

2. The semiconductor device according to claim 1, further 
comprising first to sixth diodes connected in inverse parallel 
connection with the first to sixth switching elements respec 
tively. 

ck ck ck ck ci: 


