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(57) ABSTRACT 

In a gate control device for self-arc extinction elements (T1) 
to (T4) and self-arc extinction elements (T5) and (T6) 
connected in reverse parallel betWeen the respective both 
terminals of clamp diodes (D5) and (D6), individually, there 
are provided a PWM circuit (2) that generates conduction 
control commands (SP) and (SN), and a gate control circuit 
(3) including a delay circuit group that generates gate signals 
(ST1) to (ST6) With respect to the respective self-arc extinc 
tion elements on the basis of the respective conduction 
control commands. The self-arc extinction elements (T3) 
and (T5) are rendered conductive at the same time under 
control, and the self-arc extinction elements (T2) and (T6) 
are rendered conductive at the same time under control. 
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THREE LEVEL INVERTER CONTROLLER 
REDUCING COMMUTATION LOOP INDUCTANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a device for con 
trolling a gate of a three-level inverter using a self-arc 
extinction type poWer semiconductor element (hereinafter 
referred to simply as “self-arc extinction element”) and a 
method of controlling the gate, and more particularly to a 
device and a method of controlling the gate of the three-level 
inverter that prevents the self-arc extinction element from 
being damaged by forming the shortest commutation loop at 
the time of sWitching operation. 

[0003] 2. Description of the Related Art 

[0004] As a general three-level inverter, there is, for 
example, “Loss balancing in three-level voltage source 
inverters applying active NPC sWitches” disclosed in PESC 
(2001), pp. 1135 to 1140. 

[0005] Referring to FIGS. 3 to 5 and Table III of the above 
document, self-arc extinction elements T5 and T6 are added 
as active NPC sWitches. 

[0006] Also, in the case Where neutral point potential of a 
dc. poWer source is outputted to the three-level inverter, 
there is disclosed four kinds of gate control methods. 

[0007] An object of the above-mentioned document is to 
average the losses generated in the self-arc extinction ele 
ments T5 and T6 that constitute the three-level inverters by 
appropriately selecting the four kinds of gate control meth 
ods. 

[0008] Therefore, the commutation operation taking the 
inductance of the Wiring structure Within the three-level 
inverter into consideration is not particularly limited. 

[0009] Since in the conventional device and method of 
controlling the gate of the three-level inverter, the commu 
tation operation taking the inductance of the Wiring structure 
Within the three-level inverter into consideration is not 
devised as described, there arises such a problem that the 
reliability of the three-level inverter is loWered. 

[0010] In particular, there arises such a problem that the 
self-arc extinction elements are damaged at the time of 
sWitching operation When the inductance (corresponding to 
the number of Wiring elements) of the Wiring structure that 
forms the commutation loop becomes large at the time of 
commutation betWeen the respective self-arc extinction ele 
ments that constitute the three-level inverters. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been made to solve the 
above-mentioned problems With the conventional device, 
and therefore an object of the present invention is to provide 
a device and a method of controlling a gate of a three-level 
inverter Which reduces the inductance of a commutation 
loop to prevent self-arc extinction elements from being 
damaged by forming the shortest commutation loop at the 
time of commutation betWeen the self-arc extinction ele 
ments. 
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[0012] A gate control device for a three-level inverter 
according to the present invention includes: ?rst to third d.c. 
terminals having ?rst to third potential levels; ?rst to fourth 
self-arc extinction elements connected in series betWeen the 
?rst and third d.c. terminals; ?rst and second clamp diodes 
connected in reverse parallel betWeen a node of the ?rst and 
second self-arc extinction elements and a node of the third 
and fourth self-arc extinction elements; ?fth and sixth self 
arc extinction elements connected in reverse parallel 
betWeen the respective both terminals of the ?rst and second 
clamp diodes, individually, in Which a node of the ?rst and 
second clamp diodes is connected to the second d.c. termi 
nal; a PWM circuit that generates a ?rst conduction control 
command With respect to the ?rst and third self-arc extinc 
tion elements and a second conduction control command 
With respect to the second and fourth self-arc extinction 
elements; and a gate control circuit that generates gate 
signals With respect to the gates of the ?rst to sixth self-arc 
extinction elements on the basis of the ?rst and second 
conduction control commands, Wherein the gate control 
circuit includes: ?rst and second inversion circuits that 
invert the ?rst and second conduction control commands, 
individually; and a delay circuit group that generates the 
gate signals on the basis of the ?rst and second conduction 
control commands and the inverted ?rst and second con 
duction control commands, and Wherein the third and ?fth 
self-arc extinction elements are rendered conductive at the 
same time, and the second and sixth self-arc extinction 
elements are rendered conductive at the same time. 

[0013] Further, a gate control device for a three-level 
inverter according to the present invention includes: ?rst to 
fourth on-delay circuits that generate ?rst to fourth gate 
signals With respect to the ?rst to fourth self-arc extinction 
elements; a ?rst series circuit including a ?fth on-delay 
circuit that generates a ?fth gate signal With respect to the 
?fth self-arc extinction element and a ?rst off-delay circuit; 
and a second series circuit including a sixth on-delay circuit 
that generates a sixth gate signal With respect to the sixth 
self-arc extinction element and a second off-delay circuit, 
Wherein a ?rst dead time of the ?rst and second off-delay 
circuits is set to be shorter than the dead time of the ?fth and 
sixth on-delay circuits, Wherein second dead time of the ?rst 
to fourth on-delay circuit is set to be longer than the dead 
time of the ?fth and sixth on-delay circuits, Wherein the ?fth 
self-arc extinction element starts conduction precedent to a 
time point at Which the conduction of the third self-arc 
extinction element starts and ends the conduction With a 
delay from a time point at Which the conduction of the third 
self-arc extinction element ends; and that the sixth self-arc 
extinction element starts conduction precedent to a time 
point at Which the conduction of the second self-arc extinc 
tion element starts and ends the conduction With a delay 
from a time point at Which the conduction of the second 
self-arc extinction element ends. 

[0014] Further, a gate control device for a three-level 
inverter according to the present invention includes: a posi 
tive polarity comparator and a negative polarity comparator 
that generate a current polarity signal corresponding to the 
polarity of the output current of the three-level inverter; and 
third and fourth inversion circuits that invert the respective 
current polarity signals from the positive polarity compara 
tor and the negative polarity comparator, individually, 
Wherein the gate control circuit includes ?rst to sixth selec 
tion circuits that sWitchingly select the gate signals in 
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accordance With the respective current polarity signals and 
the respective output signals of the third and fourth inversion 
circuits, Wherein in the case Where the output current is 
positive, the third and ?fth self-arc extinction elements are 
rendered conductive at the same time under control, and 
Wherein in the case Where the output current is negative, the 
second and sixth self-arc extinction elements are rendered 
conductive at the same time under control. 

[0015] Further, according to a gate control device for a 
three-level inverter of the present invention, the gate control 
circuit includes: a ?rst exclusive OR circuit that takes an 
exclusive logical addition of the output signal of the third 
on-delay circuit and the output signal of the ?rst series 
circuit to generate the gate signal With respect to the gate of 
the ?fth self-arc extinction element; and a second exclusive 
OR circuit that takes an exclusive logical addition of the 
output signal of the second on-delay circuit and the output 
signal of the second series circuit to generate the gate signal 
With respect to the gate of the sixth self-arc extinction 
elernent, Wherein the ?fth self-arc extinction elernent starts 
to be rendered conductive precedent to a time point at Which 
the conduction of the third self-arc extinction elernent starts, 
holds a non-conductive state during the conduction period of 
the third self-arc extinction element, and is rendered con 
ductive by the ?rst dead time from the time point at Which 
the conduction of the third self-arc extinction elernent ends, 
and Wherein the sixth self-arc extinction elernent starts to be 
rendered conductive precedent to a time point at Which the 
conduction of the second self-arc extinction elernent starts, 
holds a non-conductive state during the conduction period of 
the second self-arc extinction element, and is rendered 
conductive by the ?rst dead time from the time point at 
Which the conduction of the second self-arc extinction 
elernent ends. 

[0016] Further, according to a gate control device for a 
three-level inverter of the present invention, the gate control 
circuit includes: ?fth and sixth inversion circuits that invert 
the output signals of the second and third on-delay circuits, 
individually; a ?rst AND circuit that takes the logical 
product of the output signal of the ?rst series circuit and the 
output signal of the ?fth inversion circuit; a ?rst OR circuit 
that takes the logical addition of the output signal of the ?rst 
exclusive OR circuit and the output signal of the ?rst AND 
circuit to generate the gate signal With respect to the gate of 
the ?fth self-arc extinction element; a second AND circuit 
that takes the logical product of the output of the second 
series circuit and the output signal of the sixth inversion 
circuit; and a second OR circuit that takes the logical 
addition of the output signal of the second exclusive OR 
circuit and the output signal of the second AND circuit to 
generate the gate signal With respect to the gate of the sixth 
self-arc extinction elernent, Wherein the ?fth self-arc extinc 
tion elernent starts to be rendered conductive precedent to a 
time point at Which the conduction of the third self-arc 
extinction elernent starts, holds a non-conductive state 
except for a period of time during Which the ?rst and second 
self-arc extinction elements are rendered nonconductive at 
the same time, and is rendered conductive by the ?rst dead 
time from the time point at Which the conduction of the third 
self-arc extinction elernent ends, and Wherein in the sixth 
self-arc extinction elernent starts to be rendered conductive 
precedent to a time point at Which the conduction of the 
second self-arc extinction elernent starts, holds a non-con 
ductive state except for a period of time during Which the 
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third and fourth self-arc extinction elements are rendered 
nonconductive at the same time, and is rendered conductive 
by the ?rst dead time from the time point at Which the 
conduction of the second self-arc extinction elernent ends. 

[0017] Further, according to a gate control method for a 
three-level inverter, the device includes: ?rst to third d.c. 
terrninals having ?rst to third potential levels; ?rst to fourth 
self-arc extinction elernents connected in series betWeen the 
?rst and third d.c. terrninals; ?rst and second clarnp diodes 
connected in reverse parallel betWeen a node of the ?rst and 
second self-arc extinction elements and a node of the third 
and fourth self-arc extinction elements; and ?fth and sixth 
self-arc extinction elernents connected in reverse parallel 
betWeen the respective both terminals of the ?rst and second 
clarnp diodes, individually, in Which a node of the ?rst and 
second clarnp diodes is connected to the second d.c. termi 
nal, the method comprising the step of rendering the third 
and ?fth self-arc extinction elernents conductive at the same 
time, and rendering the second and sixth self-arc extinction 
elernents conductive at the same time. 

[0018] Further, a gate control method for the three-level 
inverter according to the present invention comprises the 
steps of: starting the conduction of the ?fth self-arc extinc 
tion elernent precedent to a time point at Which the conduc 
tion of the third self-arc extinction elernent starts and ending 
the conduction of the ?fth self-arc extinction element with a 
delay from a time point at Which the conduction of the third 
self-arc extinction elernent ends; and starting the conduction 
of the sixth self-arc extinction elernent precedent to a time 
point at Which the conduction of the second self-arc extinc 
tion elernent starts and ending the conduction of the sixth 
self-arc extinction element with a delay from a time point at 
Which the conduction of the second self-arc extinction 
elernent ends. 

[0019] Further, according to a gate control method for the 
three-level inverter of the present invention, in the case 
Where the output current of the three-level inverter is posi 
tive, the third and ?fth self-arc extinction elements are 
rendered conductive at the same time under control, and 
Wherein in the case Where the output current is negative, the 
second and sixth self-arc extinction elements are rendered 
conductive at the same time under control. 

[0020] Further, a gate control method for the three-level 
inverter according to the present invention comprises the 
steps of: starting the conduction of the ?fth self-arc extinc 
tion elernent precedent to a time point at Which the conduc 
tion of the third self-arc extinction elernent starts; holding a 
non-conductive state thereof during the conduction period of 
the third self-arc extinction element; and rendering the ?fth 
self-arc extinction elernent conductive by a predetermined 
period of time from the time point at Which the conduction 
of the third self-arc extinction elernent ends; and starting the 
conduction of the sixth self-arc extinction elernent precedent 
to a time point at Which the conduction of the second self-arc 
extinction elernent starts; holding a non-conductive state 
thereof during the conduction period of the second self-arc 
extinction element; and rendering the sixth self-arc extinc 
tion elernent conductive by the predetermined period of time 
from the time point at Which the conduction of the second 
self-arc extinction elernent ends. 

[0021] Further, a gate control method for the three-level 
inverter according to the present invention comprises the 
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steps of: starting the conduction of the ?fth self-arc extinc 
tion element precedent to a time point at Which the conduc 
tion of the third self-arc extinction element starts; holding a 
non-conductive state thereof during the conduction period of 
the third self-arc extinction element; and rendering the ?fth 
self-arc extinction element conductive by a predetermined 
period of time from the time point at Which the conduction 
of the third self-arc extinction element ends; and starting the 
conduction of the sixth self-arc extinction element precedent 
to a time point at Which the conduction of the second self-arc 
extinction element starts; holding a non-conductive state 
thereof during the conduction period of the second self-arc 
extinction element; and rendering the sixth self-arc extinc 
tion element conductive by the predetermined period of time 
from the time point at Which the conduction of the second 
self-arc extinction element ends. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] These and other objects and advantages of this 
invention Will become more fully apparent from the folloW 
ing detailed description taken With the accompanying draW 
ings in Which: 

[0023] FIG. 1 is a circuit structural diagram for the 
explanation of a commutation loop in a gate control device 
for a three-level inverter in accordance With ?rst to ?fth 
embodiments of the present invention; 

[0024] FIG. 2 is a circuit diagram shoWing a gate control 
circuit Which is applied to the gate control device for the 
three-level inverter in accordance With the ?rst embodiment 
of the present invention; 

[0025] FIG. 3 is a timing chart for the explanation of the 
operation of the gate control device for the three-level 
inverter in accordance With the ?rst embodiment of the 
present invention; 

[0026] FIG. 4 is a circuit diagram shoWing a gate control 
circuit Which is applied to the gate control device for the 
three-level inverter in accordance With the second embodi 
ment of the present invention; 

[0027] FIG. 5 is a timing chart for the explanation of the 
operation of the gate control device for the three-level 
inverter in accordance With the second embodiment of the 
present invention; 

[0028] FIG. 6 is a circuit diagram shoWing a gate control 
circuit Which is applied to the gate control device for the 
three-level inverter in accordance With the third embodiment 
of the present invention; 

[0029] FIG. 7 is a timing chart for the explanation of the 
operation of the gate control device for the three-level 
inverter in a positive state in accordance With the third 
embodiment of the present invention; 

[0030] FIG. 8 is a timing chart for the explanation of the 
operation of the gate control device for the three-level 
inverter in a negative state in accordance With the third 
embodiment of the present invention; 

[0031] FIG. 9 is a circuit diagram shoWing a gate control 
circuit Which is applied to the gate control device for the 
three-level inverter in accordance With the fourth embodi 
ment of the present invention; 
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[0032] FIG. 10 is a timing chart for the explanation of the 
operation of the gate control device for the three-level 
inverter in accordance With the fourth embodiment of the 
present invention; 

[0033] FIG. 11 is a circuit diagram shoWing a gate control 
circuit Which is applied to the gate control device for the 
three-level inverter in accordance With the ?fth embodiment 
of the present invention; and 

[0034] FIG. 12 is a timing chart for the explanation of the 
operation of the gate control device for the three-level 
inverter in accordance With the ?fth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] NoW, a description Will be given in more detail of 
preferred embodiments of the present invention With refer 
ence to the accompanying draWings. 

[0036] (First Embodiment) 
[0037] A ?rst embodiment of the present invention Will be 
given in more detail With reference to the accompanying 
draWings. 
[0038] FIG. 1 is a circuit structural diagram for descrip 
tion of a commutation loop in accordance With the ?rst 
embodiment of the present invention, and shoWs the struc 
ture of a main circuit of a general three-level inverter for one 
phase. 

[0039] Referring to FIG. 1, a three-level inverter (here 
inafter referred to simply as “inverter”) 1 includes d.c. 
terminals P, C and N. 

[0040] Each of the dc. terminals P, C and N has three 
potentials (three levels) consisting of “+”, “0” and “—”. 

[0041] C1 and C2 are do capacitors inserted in series 
betWeen the dc. terminals P and N, Where the dc. capacitor 
C1 is inserted betWeen the dc. terminals P and C, and the 
dc. capacitor C2 is connected betWeen the dc. terminals C 
and N. 

[0042] Self-arc extinction elements T1, T2, T3 and T4 are 
connected in series betWeen the dc. terminals P and N, and 
an intermediate node betWeen the self-arc extinction ele 
ments T2 and T3 structures an output terminal of the inverter 
1 to output an ac. voltage Vout. 

[0043] Diodes D1, D2, D3 and D4 are separately con 
nected in reverse parallel With the respective self-arc extinc 
tion elements T1, T2, T3 and T4. 

[0044] A clamp diode D5 at the dc. terminal N side is 
inserted betWeen the intermediate node betWeen the self-arc 
extinction elements T1 and T2 and the dc. terminal C. 

[0045] A clamp diode D6 at the dc. terminal P side is 
inserted betWeen the intermediate node betWeen the self-arc 
extinction elements T3 and T4 and the dc. terminal C. 

[0046] Self-arc extinction elements T5 and T6 are sepa 
rately connected in reverse parallel With the respective 
clamp diodes D5 and D6. 

[0047] Four commutation loops L1, L2, I3 and L4 formed 
Within the inverter 1 are sWitchingly formed by the on/off 
operation of the respective self-arc extinction elements T2, 
T3, T5 and T6. 
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[0048] Then, the basic switching forming operation of the 
commutation loops L1 to L4 in the inverter 1 shoWn in FIG. 
1 Will be described. 

[0049] Referring to FIG. 1, the commutation loop L1 is 
formed at the time of commutation betWeen the self-arc 
extinction element T1 (or the diode D1) and the self-arc 
extinction element T5 (or the clamp diode D5). 

[0050] The commutation loop L1 is formed of a closed 
loop that passes through the dc. capacitor C1, the self-arc 
extinction element T1 (or the diode D1), and the self-arc 
extinction element T5 (or the clamp diode D5) in the stated 
order. 

[0051] The commutation loop L2 is formed at the time of 
commutation betWeen the self-arc extinction element T1 (or 
the diode D1) and the self-arc extinction element T3 (or the 
clamp diode D3), and is formed of a closed loop that passes 
through the dc. capacitor C1, the self-arc extinction element 
T1 (or the diode D1), the self-arc extinction element T2 (or 
the diode D2), the self-arc extinction element T3 (or the 
diode D3) and the self-arc extinction element T6 (or the 
clamp diode D6) in the stated order. 

[0052] The commutation loop L3 is formed at the time of 
commutation betWeen the self-arc extinction element T2 (or 
the diode D2) and the self-arc extinction element T4 (or the 
diode D4), and is formed of a closed loop that passes through 
the dc. capacitor C2, the self-arc extinction element T5 (or 
the clamp diode D5), the self-arc extinction element T2 (or 
the diode D2), the self-arc extinction element T3 (or the 
diode D3) and the self-arc extinction element T4 (or the 
diode D4) in the stated order. 

[0053] The commutation loop L4 is formed at the time of 
commutation betWeen the self-arc extinction element T6 (or 
the clamp diode D6) and the self-arc extinction element T4 
(or the diode D4), and is formed of a closed loop that passes 
through the dc. capacitor C2, the self-arc extinction element 
T6 (or the clamp diode D6), and the self-arc extinction 
element T5 (or the clamp diode D5) in stated order. 

[0054] In the disclosure of the closed loops for the respec 
tive commutation loops L1 to L4, for example, “self-arc 
extinction element T1 (or the diode D1)” means that any one 
of the self-arc extinction element T1 and the diode D1 is 
rendered conductive in accordance With the polarity of the 
output current Iout of the inverter 1. 

[0055] Paying attention to the inductance of the Wring 
structure of the commutation loops L1 to L4, the Wiring 
structure inductance of the commutation loops L1 and L4 
becomes smaller than the Wiring structure inductance of the 
commutation loops L2 and L3 from the comparison of the 
number of series of the semiconductor devices (self-arc 
extinction elements, diodes) that form the closed loop. 

[0056] Then, a speci?c circuit structure of the gate control 
device in accordance With the ?rst embodiment of the 
present invention Will be described With reference to the 
circuit structural diagram shoWn in FIG. 2. 

[0057] Referring to FIG. 2, a PWM circuit 2 generates a 
conduction control command SP With respect to the self-arc 
extinction elements T1 and T3 (refer to FIG. 1) on the dc. 
terminal P side and a conduction control command SN With 
respect to the self-arc extinction elements T2 and T4 on the 
dc. terminal N side. 
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[0058] A gate control circuit 3 connected to the PWM 
circuit 2 outputs gate commands ST1 to ST6 to the self-arc 
extinction elements T1 to T6 on the basis of the conduction 
control commands SP and SN. 

[0059] Within the gate control circuit 3, reference symbols 
3P and 3N denote inversion circuits that invert the signs of 
the conduction control commands SP and SN, and 31 to 34 
are on-delay circuits each having a delay element of a dead 
time Td (in fact, Td=several tens of us). 

[0060] The on-delay circuit 31 outputs a gate signal ST1 
to the self-arc extinction element T1 based on the conduction 
control command SP. 

[0061] The on-delay circuit 32 outputs a gate signal ST2 
to the self-arc extinction elements T2 and T6 on the basis of 
the conduction control command SN Whose sign has been 
inverted through the inversion circuit 3N. 

[0062] The on-delay circuit 33 outputs a gate signal ST3 
to the self-arc extinction elements T3 and T5 on the basis of 
the conduction control command SP Whose sign has been 
inverted through the inversion circuit 3P. 

[0063] The on-delay circuit 34 outputs a gate signal ST4 
to the self-arc extinction element T4 on the basis of the 
conduction control command SN. 

[0064] Gate drive circuits 4 that drive the respective gates 
of the self-arc extinction elements T1 to T6 output on-gate 
pulses PT1 to PT6 to the respective self-arc extinction 
elements T1 to T6 on the basis of the respective gate signals 
ST1 to ST4 from the gate control circuit 3. 

[0065] Within the gate drive circuit 4, reference numerals 
41 to 46 denote gate circuits corresponding to the respective 
self-arc extinction elements T1 to T6. 

[0066] Then, the gate control operation in accordance With 
the ?rst embodiment of the present invention shoWn in FIG. 
2 Will be described With reference to FIG. 3 together With 
FIG. 1. 

[0067] FIG. 3 is a timing chart shoWing the operation of 
the gate control circuit 3 shoWn in FIG. 2. 

[0068] Referring to FIG. 3, the stationary operation logic 
(except for the commutation time) of the conduction control 
commands SP and SN outputted from the PWM circuit 2 has 
the folloWing three modes “P”, “0” and “N” With respect to 
the output voltage Vout of the inverter 1. 

[0069] The ?rst mode “P” is a mode in the case of SP=1 
and SN=0 (a state before a time t1), Where the self-arc 
extinction elements T1 and T2 turn on, and the output 
voltage Vout of the inverter 1 is a + potential. 

[0070] The second mode “0” is a mode in the case of SP=0 
and SN 0 (a state at times t1 to t3 and times t5 to t7), Where 
the self-arc extinction elements T2, T3, T5 and T6 turn on, 
and the output voltage Vout of the inverter 1 is a “0” 
potential. 

[0071] The third mode “N” is a mode in the case of SP=0 
and SN=1 (a state at times t3 to t5), Where the self-arc 
extinction elements T3 and T4 turn on, and the output 
voltage Vout of the inverter 1 is a “—” potential. 

[0072] As described above, in a period of time before the 
time t1, the mode is the ?rst mode “P” (SP=1, SN=0, and 
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ST1=ST2=1), and the on-gate pulses PT1 and PT2 are given 
to the self-arc extinction elements T1 and T2. 

[0073] In the case of ST2=1, the on-gate pulse PT6 is 
given to the self-arc extinction element T6, but since the 
self-arc extinction elements T3 and T4 are turned off, the 
output current Iout does not ?oW. 

[0074] Thereafter, at the time t1, When SP=0 is satis?ed, 
although ST1 becomes 0, the state of ST2=1 is continued. 

[0075] Subsequently, at the time t2 corresponding to the 
on-operation delay time Td of the on-delay circuit 33, ST3 
becomes 1, and the on-gate pulses PT3 and PT5 are given to 
the self-arc extinction elements T3 and T5, respectively. 

[0076] In this example, assuming that the polarity of the 
output current Iout of the inverter 1 (refer to FIG. 1) is 
positive, in the case Where the output current Iout is negative 
in a period of the times t1 to t2, the output current Iout ?oWs 
in the dc. terminal P through the diodes D2 and D1. 

[0077] At the time t2, When the self-arc extinction ele 
ments T3 and TS turn on, the commutation loops L1 and L2 
occur at the same time. In this situation, if the diode D1 is 
inversely restored, the output current Iout ?oWs so as to be 
distributed to a path of the diode D2, the self-arc extinction 
element T5 and the dc. terminal C in the stated order and a 
path of the self-arc extinction element T3, the clamp diode 
D6 and the dc. terminal C in the stated order. 

[0078] In this example, as described above, since the 
Wiring structure inductance of the commutation loop L1 is 
smaller than that of the commutation loop L2, a current 
?oWing in the self-arc extinction element T5 Within the 
commutation loop L1 becomes larger than a current ?oWing 
in the self-arc extinction element T3 Within the commutation 
loop L2. 

[0079] Also, the inductance of the commutation loops that 
are equivalently in parallel With each other can be lessened 
as compared With the inductance of the commutation loop 
L2 in the case Where no self-arc commutation element T5 is 
provided. 
[0080] Subsequently, in a period of the times t2 to t3, the 
mode is the second mode “0” (SP=0, SN=0, and ST2=ST3= 
1), and the on-gate pulses PT2, PT3, PT5 and PT6 are given 
to the self-arc extinction elements T2, T3, T5 and T6, 
respectively. 

[0081] Then, at the time t3, When SP=0 and SN=1 are 
satis?ed, ST2 becomes 0, and the self-arc extinction ele 
ments T2 and T6 are turned off. 

[0082] In this situation, in the case Where the output 
current Iout is positive, the currents that have distributedly 
?oWn into the path that passes through the dc. terminal C, 
the clamp diode D5 and the self-arc extinction element T2 
in the stated order and the path that passes through the dc. 
terminal C, the self-arc extinction element T6 and the diode 
D3 in the stated order commutate in a path that passes 
through the dc. terminal N, the diode D4 and the diode D3 
in the stated order due to the commutation loops L3 and L4. 

[0083] Also, the inductance of the commutation loops that 
are equivalently in parallel With each other can be lessened 
as compared With the inductance of the commutation loop 
L3 in the case Where no self-arc commutation element T6 is 
provided. 
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[0084] Subsequently, at the time t4 corresponding to the 
on operation delay time Td of the on-delay circuit 34, ST4 
becomes 1, and the on-gate pulse PT4 is given to the self-arc 
extinction element T4. 

[0085] In this situation, since the on-gate pulses PT3, PT4 
and PT5 are given to the self-arc extinction elements T3, T4 
and T5, the mode is in a state of the third mode “N”. 

[0086] Then, at the time t5, if SN=0 is satis?ed, ST4 
becomes 0, and the self-arc extinction element T4 is turned 
off. 

[0087] Subsequently, at the time t6 corresponding to the 
on-operation delay time Td of the on-delay circuit 32, ST2 
becomes 1, and the on-gate pulses PT2 and PT6 are given to 
the self-arc extinction elements T2 and T6. 

[0088] In this example, in the case Where the output 
current Iout is positive and ?oWs in the path that passes 
through the dc. terminal N, the diode D4 and the diode D3 
immediately before the time t6, When the self-arc extinction 
elements T2 and T6 turn on, the output current Iout com 
mutates to the distributed paths consisting of a path that 
passes through the dc. terminal C, the clamp diode D5 and 
the self-arc extinction element T2 and a path that passes 
through the dc. termnal C, the self-arc extinction element 
T6 and the diode D3 due to the commutation loops L3 and 
L4. 

[0089] Therefore, the inductance of the commutation 
loops that are equivalently in parallel With each other can be 
lessened as compared With the inductance of the commuta 
tion loop L2 in the case Where no self-arc commutation 
element T5 is provided. 

[0090] Then, at the time t7, When SP becomes 1, ST3 
becomes 0, and the self-arc extinction elements T3 and T5 
are turned off. 

[0091] In this situation, in the case Where the output 
current Iout is negative, the current is commutated to a path 
that passes through the diode D2, the diode D1 and the dc. 
terminal P in the stated order due to the commutation loops 
L1 and L2, from the state Where the current ?oWs in the 
distributed paths consisting of the path that passes through 
the diode D2, the self-arc extinction element T5 and the dc. 
terminal C and the path that passes through the self-arc 
extinction element T3, the clamp diode D6 and the dc. 
terminal C. 

[0092] Accordingly, the inductance of the commutation 
loops that are equivalently in parallel With each other can be 
lessened as compared With the inductance of the commuta 
tion loop L2 in the case Where no self-arc commutation 
element T5 is provided. 

[0093] As described above, the self-arc extinction ele 
ments T2 and T6 are so controlled as to be rendered 
conductive at the same time, and the self-arc extinction 
elements T3 and T5 are so controlled as to be rendered 
conductive at the same time, so that in case of the second 
mode “0”, the self-arc extinction elements T2, T3, T5 and T6 
form a gate-on state. 

[0094] As a result, since the commutation loops L1 and L2 
(or the commutation loops L3 and L4) occur at the same 
time at the time of commutation, the inductance of the 
commutation loops that are in parallel With each other can be 
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lessened, thereby being capable of preventing the self-arc 
extinction elements that form the commutation loop from 
being damaged. 

[0095] (Second Embodiment) 
[0096] In the above-mentioned ?rst embodiment, the dead 
times Td of the respective on-delay circuits 31 to 34 are set 
to a constant value, but the different dead times may be set 
so as to shift the on/off timing of the respective self-arc 
extinction elements T4 to T6. 

[0097] FIG. 4 is a block diagram shoWing the gate control 
device in Which the on/off timings of the self-arc extinction 
elements T4 to T6 are shifted in accordance With a second 
embodiment of the present invention, and the same parts as 
those described in the ?rst embodiment (refer to FIG. 2) are 
designated by like reference numerals or added With “a” 
folloWing the reference numeral, and their description Will 
be omitted. 

[0098] Referring to FIG. 4, a gate control circuit 3a 
connected to the PWM circuit 2 outputs gate commands ST1 
to ST6 With respect to the self-arc extinction elements T1 to 
T6 on the basis of the conduction control commands SP and 
SN. 

[0099] Within the gate control circuit 3a, reference sym 
bols 31a to 34a denote on-delay circuits each having a delay 
element of a second dead time Td2 (>Td), 32 and 33 are 
on-delay circuits each having a delay element of a ?rst dead 
time Td, and reference symbols 35a and 36a denote off 
delay circuits each having a delay element of the ?rst dead 
time Td1 (<Td). 

[0100] The on-delay circuit 32 is connected to the output 
terminal of the inversion circuit 3N, and the on-delay circuit 
33 is connected to the output terminal of the inversion circuit 
3P. 

[0101] Also, the off-delay circuits 35a and 36a are con 
nected to the on-delay circuits 33 and 32, respectively. 

[0102] The on-delay circuits 31a to 34a output the gate 
signals ST1 to ST4 to the self-arc extinction elements T1 to 
T4 on the basis of the conduction control commands SP and 
SN as in the above-mentioned on-delay circuits 31 to 34. 

[0103] The on-delay circuit 33 and the off-delay circuit 
35a output the gate signal ST5 to the self-arc extinction 
element T5 on the basis of the conduction control command 
SP Whose sign has been inverted through the inversion 
circuit 3P. 

[0104] The on-delay circuit 32 and the off-delay circuit 
36a output the gate signal ST6 to the self-arc extinction 
element T6 on the basis of the conduction control command 
SN Whose sign has been inverted through the inversion 
circuit 3N. 

[0105] The respective gate signals ST1 to ST6 outputted 
from the gate control circuit 3a become the on-gate pulses 
PT1 to PT6 through the gate drive circuit 4 and are then 
supplied to the gates of the respective self-arc extinction 
elements T1 to T6. 

[0106] Then, the operation of the gate control circuit 3a in 
accordance With the second embodiment of the present 
invention shoWn in FIG. 4 Will be described With reference 
to a timing chart shoWn in FIG. 5 together With FIG. 1. 
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[0107] First, at the time t1, When SP becomes 0, ST1 
becomes 0, and the self-arc extinction element T1 is turned 
off. 

[0108] Subsequently, at the time T2 after the dead time Td 
has been elapsed from the time t1, ST5 becomes 1 by the 
on-delay circuit 33, and the self-arc extinction element T5 is 
turned on. 

[0109] On the other hand, at a time t2‘ delayed from the 
time t1 by the second dead time Td2 (hereinafter referred to 
simply as “dead time”) by the on-delay circuit 33a, ST3 
becomes 1, and the self-arc extinction element T3 is turned 
on. 

[0110] In this example, since the dead times Td and Td2 
have a relationship of Td2>Td, the on time t2 of the self-arc 
extinction element T5 proceeds the on time t2‘ of the self-arc 
extinction element T3. 

[0111] Therefore, in the case Where the output current Iout 
is negative, When the self-arc extinction element T5 turns on 
at the time t2, the output current commutates to the self-arc 
extinction element T5 from the diode D1 due to the com 
mutation loop L1, thereby being capable of reducing the 
commutation inductance. 

[0112] Thereafter, When the self-arc commutation element 
T3 turns on at the time t2‘, the output current Iout distrib 
utedly ?oWs into a path that passes through the self-arc 
extinction element T3 and the clamp diode D6 in the stated 
order. 

[0113] Then, at the time t3, When SN becomes 1, ST2 
becomes 0, and the self-arc extinction element T2 is turned 
off. 

[0114] In this situation, in the case Where the output 
current Iout is positive, the distributed current that passes 
through the clamp diode D5 and the self-arc extinction 
element T2 in the stated order commutates to the distributed 
path that passes through the self-arc extinction element T6 
and the diode D3 in the stated order. 

[0115] Thereafter, at the time t4‘ delayed from the time t3 
by the ?rst dead time (hereinafter referred to simply as “dead 
time”) Td1 by the off-delay circuit 36a, ST6 becomes 0, and 
the self-arc extinction element T6 is turned off. 

[0116] Therefore, since the output current commutates to 
the diode D4 by the commutation loop L4, the commutation 
inductance can be reduced. 

[0117] Subsequently, at the time t4 after the dead time Td2 
has been elapsed from the time t3 by the off-delay circuit 
34a, ST4 becomes 1, and the self-arc extinction element T4 
is turned on. 

[0118] In this example, if the dead times Td, Td1 and Td2 
have a relationship that satis?es the folloWing expression 
(1), a time interval betWeen the time t4‘ and the time t4 
corresponds to the dead time Td. 

[0119] Then, at the time t5, When SN becomes 0, ST4 
becomes 0, and the self-arc extinction element T4 is turned 
off. 

[0120] Subsequently, at the time t6 after the dead time Td 
has been elapsed from the time t5 by the on-delay circuit 32, 
ST6 becomes 1, and the self-arc extinction element T6 is 
turned on. 



US 2003/0048650 A1 

[0121] At this time, in the case Where the output current 
Iout is positive, the current is commutated to the self-arc 
extinction element T6 from the diode D4 due to the com 
mutation loop L4, and thus the commutation inductance can 
be reduced. 

[0122] Subsequently, at the time t4 after the dead time Td2 
has been elapsed from the time t5 by the on-delay circuit 
32a, ST2 becomes 1, and the self-arc extinction element T2 
is turned on. 

[0123] As a result, the output current Iout is distributed to 
a path that passes through the clamp diode D5 and the 
self-arc extinction element T2 in the stated order from the 
path that passes through the self-arc extinction element T6 
and the diode D3 in the stated order. 

[0124] Then, at the time t7, When SP becomes 1, ST3 
becomes 0, and the self-arc extinction element T3 is turned 
off. 

[0125] In this situation, in the case Where the output 
current Iout is negative, the distributed current ?oWing in the 
path that passes through the self-arc extinction element T3 
and the clamp diode D6 in the stated order is commutated to 
a distributed path that passes through the diode D2 and the 
self-arc extinction element T5. 

[0126] Thereafter, at the time t8‘ delayed by the dead time 
Td1 by the off-delay circuit 35a, ST5 becomes 0, and the 
self-arc extinction element T5 is turned off. 

[0127] Therefore, since the output current commutates to 
the diode D1 by the commutation loop L1, the commutation 
inductance can be reduced. 

[0128] Subsequently, at the time t8 after the dead time Td2 
has been elapsed from the time t7 by the on-delay circuit 
31a, ST1 becomes 1, and the self-arc extinction element T1 
is turned on. 

[0129] Through the above-mentioned gate control, the 
self-arc extinction element T5 starts to be rendered conduc 
tive precedent to a time point at Which the self-arc extinction 
element T3 starts to be rendered conductive, and ends the 
conduction With a delay from a time point at Which the 
self-arc extinction element T3 ends the conduction. 

[0130] As a result, the commutation operation can be 
conducted by the commutation loops L1 and L4, thereby 
being capable of further reducing the commutation induc 
tance. 

[0131] (Third Embodiment) 
[0132] In the above-mentioned second embodiment, the 
gate signals ST1 to ST6 are generated on the basis of only 
the conduction control commands SP and SN. Alternatively, 
the gate signals ST1 to ST6 may be sWitchingly generated on 
the basis of the polarity detected value of the output current 
Iout. 

[0133] FIG. 6 is a block diagram shoWing a three-level 
inverter and a gate control device, using the polarity detected 
value of the output current Iout, in accordance With a third 
embodiment of the present invention. 

[0134] In FIG. 6, the same parts as those described above 
(refer to FIGS. 1, 2 and 4) are designated by identical 
reference numerals, or “b” folloWing the reference numeral 
is added, and their detailed description Will be omitted. Also, 
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in this example, for simpli?cation of the draWings, the gate 
drive circuit 4 is omitted from the draWings. 

[0135] Referring to FIG. 6, a gate control circuit 3b 
connected to the PWM circuit 2 outputs the gate commands 
ST1 to ST6 to the self-arc extinction elements T1 to T6 on 
the basis of the conduction control commands SP, SN and 
the output current Iout. 

[0136] In this case, not only the conduction control com 
mands SP and SN but also current polarity signals S6P, S6N 
and the inversion signals of the respective current polarity 
signals S6P, S6N are added as the input signal of the gate 
control circuit 3b. 

[0137] Reference numeral 5 denotes a current detector that 
detects the output current Iout, 6P is a positive polarity 
comparator that discriminates the positive polarity of the 
output current Iout, 6N is a negative polarity comparator that 
discriminates the negative polarity of the output current Iout, 
6P is a positive polarity comparator, 6N is a negative polarity 
comparator, 6P1 is an inversion circuit that inverts the 
current polarity signal S6P from the positive polarity com 
parator 6P, and 6N1 is an inversion circuit that inverts the 
current polarity signal S6N from the negative polarity com 
parator 6N. 

[0138] The output signal of the current detector 5 is 
inputted to the positive polarity comparator 6P and the 
negative polarity comparator 6N. 

[0139] The respective current polarity signals S6P and 
S6N from the positive polarity comparator 6P and the 
negative polarity comparator 6N are given directly to the 
gate control circuit 3b, and signals resulting from inverting 
the signs of the respective current polarity signals S6P and 
S6N through the respective inversion circuits 6P1 and 6N1 
are given to the gate control circuit 3b. 

[0140] Within the gate control circuit 3b, each of selecting 
circuits 3b1 to 3b6 is made up of tWo AND circuits disposed 
in parallel at the input side, and an OR circuit that takes the 
logical addition of the output signals of the respective AND 
circuits. 

[0141] The gate control circuit 3b includes selection cir 
cuits 3b1 to 3b6 in addition to the on-delay circuits 31 to 34, 
31a to 34a and the off-delay circuits 35a, 36a. 

[0142] In the selection circuit 3b1, one of tWo AND 
circuits alloWs an output signal of the on-delay circuit 31a 
(dead time Td2) to pass therethrough in response to the 
negative current polarity signal S6N, and the other AND 
circuit alloWs an output signal of the on-delay circuit 31 
(dead time Td) to pass therethrough in response to the 
inverted value of the current polarity signal S6N. 

[0143] In the selection circuit 3b2, one of tWo AND 
circuits alloWs an output signal of the on-delay circuit 32a 
(dead time Td2) to pass therethrough in response to the 
positive current polarity signal S6P, and the other AND 
circuit alloWs an output signal of the on-delay circuit 32 
(dead time Td) to pass therethrough in response to the 
inverted value of the current polarity signal S6P. 

[0144] In the selection circuit 3b3, one of tWo AND 
circuits alloWs an output signal of the on-delay circuit 33a 
(dead time Td2) to pass therethrough in response to the 
negative current polarity signal S6N, and the other AND 
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circuit allows an output signal of the on-delay circuit 33 
(dead time Td) to pass therethrough in response to the 
inverted value of the current polarity signal S6N. 

[0145] In the selection circuit 3b4, one of tWo AND 
circuits alloWs an output signal of the on-delay circuit 34a 
(dead time Td2) to pass therethrough in response to the 
positive current polarity signal S6P, and the other AND 
circuit alloWs an output signal of the on-delay circuit 34 
(dead time Td) to pass therethrough in response to the 
inverted value of the current polarity signal S6P. 

[0146] In the selection circuit 3b5, one of tWo AND 
circuits alloWs an output signal of the series circuit formed 
of the on-delay circuit 33 (dead time Td) and the off-delay 
circuit 35a (dead time Td1) to pass therethrough in response 
to the negative current polarity signal S6N, and the other 
AND circuit alloWs an output signal of the on-delay circuit 
33 to pass therethrough in response to the inverted value of 
the current polarity signal S6N. 

[0147] In the selection circuit 3b6, one of tWo AND 
circuits alloWs an output signal of the series circuit formed 
of the on-delay circuit 32 (dead time Td) and the off-delay 
circuit 36a (dead time Td1) to pass therethrough in response 
to the positive current polarity signal S6P, and the other 
AND circuit alloWs an output signal of the on-delay circuit 
32 to pass therethrough in response to the inverted value of 
the current polarity signal S6P. 

[0148] As described above, the respective output signals 
of the on-delay circuits 31 to 34, 31a to 34a, and the 
off-delay circuits 35a, 36a are selected in accordance With 
the current polarity signals S6P, S6N from the positive 
polarity cornparator 6P and the negative polarity cornparator 
6N, and the respective output signals of the inversion 
circuits 6P1, 6N1, and the gate signals ST1 to ST6 are given 
to the gate drive circuit 4 (refer to FIG. 2) through the 
respective selection circuits 3b1 to 3b6. 

[0149] The respective cornparison levels of the positive 
polarity cornparator 6P and the negative polarity cornparator 
6N are so set as to be isolated from 0 level in order to prevent 
the respective current polarity signals S6P and S6N from 
becoming “1” (H level) substantially at the same time due to 
pulsation of the output current Iout. 

[0150] In other Words, as shoWn as a characteristic wave 
form Within a block of FIG. 6, the comparison level Ip of the 
positive polarity cornparator 6P is so set as to be larger than 
the 0 level of the output current Iout, and the comparison 
level In of the negative polarity cornparator 6N is so set as 
to be smaller than the 0 level of the output current Iout. 

[0151] In addition, as indicated by a broken line in the 
block of FIG. 6, in the comparison operation of the positive 
polarity cornparator 6P and the negative polarity cornparator 
6N, if a hysteresis characteristic is given to the on/off level 
of the comparison output, hunting can be surely prevented 
from occurring. 

[0152] Subsequently, the operation of the gate control 
circuit 3b Will be described With reference to the timing 
charts of FIGS. 7 and 8. 

[0153] FIG. 7 shoWs the operation of the gate control 
circuit 3b in the case Where the output current Iout of the 
inverter 1 is positive, in Which the gate signal ST5 corre 
sponds to the waveform shoWn in FIG. 3, and the gate signal 
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ST6 corresponds to the waveform shoWn in FIG. 5. In this 
situation, the current polarity signal S6P from the positive 
polarity cornparator 6P is “1”, and the current polarity signal 
S6N from the negative polarity cornparator 6N is “0”. 

[0154] Also, FIG. 8 shoWs the operation of the gate 
control circuit 3b in the case Where the output current Iout 
of the inverter 1 is negative, in Which the gate signal ST5 
corresponds to the waveform shoWn in FIG. 5, and the gate 
signal ST6 corresponds to the waveform shoWn in FIG. 3. 
In this situation, the current polarity signal S6P from the 
positive polarity cornparator 6P is “0”, and the current 
polarity signal S6N from the negative polarity cornparator 
6N is “1”. 

[0155] First, as shoWn in FIG. 7, in the case Where the 
output current Iout of the inverter 1 is positive, S6P=1, and 
S6N=0 are satis?ed, and the selection operation of the 
respective gate signals ST1 to ST6 through the selection 
circuits 3b1 to 3b6 is as folloWs. 

[0156] That is, the output of the on-delay circuit 31 as the 
gate signal ST1, the output of the on-delay circuit 32a as the 
gate signal ST2, the output of the on-delay circuit 33 as the 
gate signal ST3, the output of the on-delay circuit 34a as the 
gate signal ST4, the output of the on-delay circuit 33 as the 
gate signal ST5, and the output of the off-delay circuit 36a 
as the gate signal ST6 are selected, respectively. 

[0157] In this example, if the output current Iout is posi 
tive in the vicinity of the time t1 and in the vicinity of the 
time t7, since the diode D1 is in a nonconductive state, it is 
unnecessary that the self-arc extinction elernent T5 starts to 
be rendered conductive precedent to the time point at Which 
the self-arc extinction elernent T3 starts to be rendered 
conductive, and ends the conduction With a delay from the 
conduction end time point of the self-arc extinction elernent 
T3 as described above (refer to FIG. 5). 

[0158] Therefore, in FIG. 7, if the self-arc extinction 
elernents T3 and T5 are rendered conductive at the same 
time under control as described above (refer to FIG. 3), for 
example, a period of time from the time t1 to the on time t2 
of the self-arc extinction elernent T3 can be reduced to the 
dead time Td, thereby being capable of improving the 
response of the gate control With respect to the output signal 
of the PWM circuit 2. 

[0159] On the other hand, as shoWn in FIG. 8, in the case 
Where the output current Iout of the inverter 1 is negative, 
S6P=0 and S6N=1 are satis?ed, and the selection operation 
of the respective gate signals ST1 to ST6 through the 
selection circuits 3b1 to 3b6 is as folloWs. 

[0160] That is, the output of the on-delay circuit 31a as the 
gate signal ST1, the output of the on-delay circuit 32 as the 
gate signal ST2, the output of the on-delay circuit 33a as the 
gate signal ST3, the output of the on-delay circuit 34 as the 
gate signal ST4, the output of the off-delay circuit 35a as the 
gate signal ST5, the the output of the on-delay circuit 32 as 
the gate signal ST6 are selected, respectively. 

[0161] In this example, if the output current Iout of the 
inverter 1 is negative in the vicinity of the time t3 and in the 
vicinity of the time t5, since the diode D4 is in a noncon 
ductive state, it is unnecessary that the self-arc extinction 
elernent T6 starts to be rendered conductive precedent to the 
time point at Which the self-arc extinction elernent T2 starts 
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to be rendered conductive, and ends the conduction With a 
delay from the conduction end time point of the self-arc 
extinction element T2 as described above (refer to FIG. 5). 

[0162] Therefore, in FIG. 8, if the self-arc extinction 
elements T2 and T6 are rendered conductive at the same 
time under control as described above (refer to FIG. 3), for 
example, a period of time from the time t5 to the time t6 at 
Which the self-arc extinction elements T2 and T6 turn on can 
be reduced to the dead time Td, thereby being capable of 
improving the response of the gate control With respect to 
the output signal of the PWM circuit 2. 

[0163] As described above, the gate signals ST5 and ST6 
are sWitched in response to the positive and negative polari 
ties of the output current Iout of the inverter 1 as shoWn in 
FIGS. 7 and 8 to realiZe a reduction in a period betWeen the 
times t1 and t2 due to the simultaneous conduction control 
of the self-arc extinction elements T3 and T5, or a reduction 
in a period betWeen the times t5 and t6 due to the simulta 
neous conduction control of the self-arc extinction elements 
T2 and T6, thereby being capable of improving the response 
of the gate control With respect to the output signal of the 
PWM circuit 2. 

[0164] (Fourth Embodiment) 
[0165] In the above-mentioned second embodiment, the 
outputs of the off-delay circuits 35a and 36a are inputted to 
the gate drive circuit 4 as they are, but may be inputted to 
the gate drive circuit 4 through an exclusive OR circuit. 

[0166] FIG. 9 is a block diagram shoWing a gate control 
device of a three-level inverter in Which an exclusive OR 
circuit is disposed in accordance With a fourth embodiment 
of the present invention. 

[0167] In FIG. 9, the same parts as those described above 
(refer to FIG. 4) are designated by identical reference 
numerals, or “c” folloWing the reference numeral is added, 
and their detailed description Will be omitted. 

[0168] In this case, the gate control circuit 3c includes 
exclusive OR circuits 3c1 and 3c2 in addition to the above 
mentioned structure (refer to FIG. 5), and the exclusive OR 
circuit 3c1 takes the exclusive logical addition of the respec 
tive output signals of the on-delay circuit 33a and the 
off-delay circuit 35a to generate the gate signal ST5, and the 
exclusive OR circuit 3c2 takes the exclusive logical addition 
of the respective output signals of the on-delay circuit 32a 
and the off-delay circuit 36a to generate the gate signal ST6. 

[0169] Subsequently, the operation of the gate control 
circuit 3c in accordance With the fourth embodiment of the 
present invention shoWn in FIG. 9 Will be described With 
reference to a timing chart shoWn in FIG. 10. 

[0170] In FIG. 10, only the Waveforms of the respective 
gate signals ST5 and ST6 are different from those described 
above (refer to FIG. 5). 

[0171] Referring to FIG. 10, since the gate signal ST5 
outputted from the exclusive OR circuit 3c1 is the exclusive 
logical addition of the gate signal ST3 outputted from the 
on-delay circuit 33a and the output signal of the off-delay 
circuit 35a (the gate signal ST5 shoWn in FIG. 5), the gate 
signal ST5 becomes “1” in a period of from the time t2 to 
the time t2‘ and in a period of from the time t7 to the time 
t8‘, to thereby turn on the self-arc extinction element T5. 
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[0172] Also, since the gate signal ST6 outputted from the 
exclusive OR circuit 3c2 is the exclusive logical addition of 
the gate signal ST2 outputted from the on-delay circuit 32a 
and the output signal of the off-delay circuit 36a (the gate 
signal ST6 shoWn in FIG. 5), the gate signal ST6 becomes 
“1” in a period of from the time t3 to the time t4‘ and in a 
period of from the time t6 to the time t6‘, to thereby turn on 
the self-arc extinction element T6. 

[0173] As shoWn in FIG. 10, the self-arc extinction ele 
ments T5 and T6 are rendered conductive under control, 
thereby being capable of obtaining an inductance reduction 
effect at the time of commutation as described above, 
additionally reducing a period of time during Which the 
on-gate pulses PT5 and PT6 occur, and reducing the poWer 
consumption of the gate drive circuit 4. 

[0174] (Fifth Embodiment) 
[0175] In the above-mentioned fourth embodiment, only 
the exclusive OR circuits 3c1 and 3c2 are added, but there 
may be further added a logical circuit for unifying the 
allotment of the voltage to the self-arc extinction elements 
T1 and T2 (or T3 and T4) in the case Where the self-arc 
extinction elements T1 and T2 (or T3 and T4) give the 
on-gate pulse PT5 (or PT6) to the self-arc extinction element 
T5 (or T6) during the off gate period at the same time. 

[0176] FIG. 11 is a block diagram shoWing a gate control 
device of a three-level inverter provided With a voltage 
allotment unifying logical circuit in accordance With a ?fth 
embodiment of the present invention. 

[0177] In FIG. 11, the same parts as those described above 
(refer to FIG. 9) are designated by identical reference 
numerals, or “d” folloWing the reference numeral is added, 
and their detailed description Will be omitted. 

[0178] In this case, the gate control circuit 3d includes 
inversion circuits 3d1, 3a'2, AND circuits 3d3, 3d4 and OR 
circuits 3d5, 3d6 in addition to the above-mentioned struc 
ture (refer to FIG. 9). 

[0179] The inversion circuits 3d1 and 3d2 invert the 
respective output signals of the on-delay circuit 32a and the 
on-delay circuit 33a and then input the inverted output 
signals to the AND circuits 3d3 and 3d4, respectively. 

[0180] The AND circuit 3d3 takes the logical product of 
the respective output signals of the off-delay circuit 35a and 
the inversion circuit 3d1 and inputs the logical product to the 
OR circuit 3d5. 

[0181] The AND circuit 3d4 takes the logical product of 
the respective output signals of the off-delay circuit 36a and 
the inversion circuit 3d2 and inputs the logical product to the 
OR circuit 3d6. 

[0182] The OR circuit 3a'5 takes the logical addition of the 
respective output signals of the exclusive OR circuit 3c1 and 
the AND circuit 3d3 to generate the gate signal ST5. 

[0183] The OR circuit 3a'6 takes the logical addition of the 
respective output signals of the exclusive OR circuit 3c2 and 
the AND circuit 3a'4 to generate the gate signal ST6. 

[0184] Subsequently, the operation of the gate control 
circuit 3a' in accordance With the ?fth embodiment of the 
present invention shoWn in FIG. 11 Will be described With 
reference to a timing chart shoWn in FIG. 12. 
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[0185] In FIG. 12, only the Waveforms of the respective 
gate signals ST5 and ST6 are different from those described 
above (refer to FIGS. 5 and 10). 

[0186] In this case, since the output Waveform of the AND 
circuit 3d3 is the logical product of the output signal (the 
gate signal ST5 shoWn in FIG. 5) of the off-delay circuit 35a 
and the inversion signal of the output signal (the gate signal 
ST2) of the on-delay circuit 32a, the output Waveform 
becomes “1” in a period of time of from the time t3 to the 
time t6‘. 

[0187] Also, since the gate signal ST5 outputted from the 
OR circuit 3d5 is the logical addition of the output signal 
(the gate signal ST5 shoWn in FIG. 10) of the exclusive OR 
circuit 3C1 and the output signal of the AND circuit 3d3, the 
gate signal ST5 becomes a Waveform shoWn in FIG. 12. 

[0188] On the other hand, since the output Waveform of 
the AND circuit 3d4 is the logical product of the output 
signal (the gate signal ST6 shoWn in FIG. 5) of the off-delay 
circuit 36a and the inversion signal of the output signal (the 
gate signal ST3) of the on-delay circuit 33a, the output 
Waveform becomes “1” in a period of time until the time t2‘ 
and a period of time subsequent to the time t7. 

[0189] Also, since the gate signal ST6 outputted from the 
OR circuit 3d6 is the logical addition of the output signal 
(the gate signal ST6 shoWn in FIG. 10) of the exclusive OR 
circuit 3C2 and the output signal of the AND circuit 3d4, the 
gate signal ST6 becomes a Waveform shoWn in FIG. 12. 

[0190] As a result, in the case Where the on-gate pulse PT5 
is given to the self-arc extinction element T5 While the 
self-arc extinction elements T1 and T2 are in the off-gate 
period at the same time, the voltage allotment of the self-arc 
extinction elements T1 and T2 can be uni?ed regardless of 
the commutation operation. 

[0191] Likewise, in the case Where the on-gate pulse PT6 
is given to the self-arc extinction element T6 While the 
self-arc extinction elements T3 and T4 are in the off-gate 
period at the same time, the voltage allotment of the self-arc 
extinction elements T3 and T4 can be uni?ed regardless of 
the commutation operation. 

[0192] The foregoing description of the preferred embodi 
ments of the invention has been presented for purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed, 
and modi?cations and variations thereof are possible in light 
of the above teachings or may be acquired from practice of 
the invention. The embodiments Were chosen and described 
in order to explain the principles of the invention and its 
practical application enables one skilled in the art to utiliZe 
the invention in various embodiments and With various 
modi?cations as are suited to the particular use contem 
plated. It is intended that the scope of the invention be 
de?ned by the claims appended hereto, and their equiva 
lents. 

What is claimed is: 

1. A gate control device for a three-level inverter, com 
prising: 

?rst to third d.c. terminals having ?rst to third potential 
levels; 
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?rst to fourth self-arc extinction elements connected in 
series betWeen said ?rst and third d.c. terminals; 

?rst and second clamp diodes connected in reverse par 
allel betWeen a node of said ?rst and second self-arc 
extinction elements and a node of said third and fourth 
self-arc extinction elements; 

?fth and sixth self-arc extinction elements connected in 
reverse parallel betWeen the respective both terminals 
of said ?rst and second clamp diodes, individually, in 
Which a node of said ?rst and second clamp diodes is 
connected to the second d.c. terminal; 

a PWM circuit that generates a ?rst conduction control 
command With respect to said ?rst and third self-arc 
extinction elements and a second conduction control 
command With respect to said second and fourth self 
arc extinction elements; and 

a gate control circuit that generates gate signals With 
respect to the gates of said ?rst to sixth self-arc extinc 
tion elements on the basis of said ?rst and second 
conduction control commands, 

Wherein said gate control circuit comprises: 

?rst and second inversion circuits that invert said ?rst 
and second conduction control commands, individu 
ally; and 

a delay circuit group that generates said gate signals on 
the basis of said ?rst and second conduction control 
commands and said inverted ?rst and second con 
duction control commands, and 

Wherein said third and ?fth self-arc extinction elements 
are rendered conductive at the same time, and said 
second and sixth self-arc extinction elements are ren 
dered conductive at the same time. 

2. A gate control device for a three-level inverter accord 
ing to claim 1, Wherein said delay circuit group comprises: 

?rst to fourth on-delay circuits that generate ?rst to fourth 
gate signals With respect to said ?rst to fourth self-arc 
extinction elements; 

a ?rst series circuit including a ?fth on-delay circuit that 
generates a ?fth gate signal With respect to said ?fth 
self-arc extinction element and a ?rst off-delay circuit; 
and 

a second series circuit including a sixth on-delay circuit 
that generates a sixth gate signal With respect to said 
sixth self-arc extinction element and a second off-delay 
circuit, 

Wherein a ?rst dead time of said ?rst and second off-delay 
circuits is set to be shorter than the dead time of said 
?fth and sixth on-delay circuits, 

Wherein a second dead time of said ?rst to fourth on-delay 
circuits is set to be longer than the dead time of said 
?fth and sixth on-delay circuits, 

Wherein said ?fth self-arc extinction element starts con 
duction precedent to a time point at Which the conduc 
tion of said third self-arc extinction element starts and 
ends the conduction With a delay from a time point at 
Which the conduction of said third self-arc extinction 
element ends, and 






