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(57) ABSTRACT 

A switching circuit for a power conversion apparatus 
capable of reducing conduction loss to provide a higher 
ef?ciency, and achieving downsizing and weight-reduction 
and higher driving frequency based on the improved ef? 
ciency is disclosed. A driving transistor is connected to a 
switching main transistor to supply a driving power for 
ON-OFF driving thereto, and an auxiliary power source 
composed of a current transformer is provided between the 
main transistor and the driving transistor. An auxiliary 
transistor having a lower switching loss than that of the main 
transistor is connected in parallel with the main transistor to 
form a main switch in combination with the main transistor. 
Acurrent-driven type transistor serves as the main transistor, 
and voltage-driven type transistors serve as both of the 
driving transistor and the auxiliary transistor. The auxiliary 
transistor is adapted to be driven at a higher speed than that 
of the main transistor when the main transistor is turned on, 
and adapted to be driven at a lower speed than that of the 
main transistor when the main transistor is turned off. 
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SWITCHING CIRCUIT OF POWER CONVERSION 
APPARATUS 

TECHNICAL FIELD 

[0001] The present invention relates to a switching circuit 
of a switching type power conversion apparatus. In particu 
lar, the present invention relates to a type of switching circuit 
in which a driving transistor is connected to a switching 
main transistor to supply a driving power for ON-OFF 
driving thereto in response to a control signal, and an 
auXiliary power source is provided between the main tran 
sistor and the driving transistor. 

BACKGROUND ART 

[0002] In view of efficient utiliZation of energy, a power 
conversion apparatus using a semiconductor switching ele 
ment or switching transistor has an extremely widespread 
availability due to its excellent characteristics in power 
conversion ef?ciency. The semiconductor switching transis 
tor includes a voltage-driven type transistor, such as an 
isolated-gate bipolar transistor (IGBT), static-induction 
transistor (SIT) and ?eld-effect transistor (PET), and a 
current-driven type transistor, such as a bipolar-mode static 
induction transistor (BSIT) and bipolar junction transistor 
(BJT). 
[0003] The voltage driven type transistor may be directly 
driven by a voltage signal so that a driving circuit may be 
readily simpli?ed and its driving frequency may also be 
arranged higher. In applications requiring a withstand volt 
age of 250V or more, several types of switching transistors 
are selectively used depending on requirements for capacity 
and driving frequency. Speci?cally, in case of using the 
switching transistors in a driving frequency range of several 
KHZ to several hundred KHZ, the IGBT eXcellent in overall 
balance of voltage drop in ON state and switching perfor 
mance and the FEA having small current capacity but 
capable of high speed operation are widely employed in the 
power conversion apparatus. 

[0004] On the other hand, since the current-driven switch 
ing type transistor is driven by applying current to a control 
terminal, a driving circuit tends to be compleXi?ed and to 
have a lower operation speed than that of the voltage-driven 
type transistor. However, the current-driven type switching 
transistor has an advantageous feature that the voltage drop 
in ON state is about one-third to one-siXth of that of the 
voltage-driven type transistor, and thereby provides a lower 
conduction loss. This proves that the current-driven type 
switching transistor is more suitable for providing a down 
siZed power conversion apparatus. 

[0005] While there are broadly classi?ed two types of 
semiconductor switching elements or switching transistor 
available for the power conversion apparatus, as described 
above, it has been often the case that the voltage-driven type 
switching transistor having a low switching loss and facili 
tating a high frequency driving was employed in view of 
downsiZing of components, simpli?cation of circuits, down 
siZing based on high driving frequency, cost reduction and 
other. However, considering how to coping with social needs 
for achieving an enhanced efficiency and downsiZing with 
an eye to the future, the level of voltage drop in ON state of 
the voltage-driven type element will be an obstacle as long 
as holding over the technique using the current voltage 
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driven switching transistor. In particular, observing the cur 
rent situation, the voltage drop in ON state of the IGBT et 
al. being a mainstream voltage-driven switching transistor 
has already been improved closely up to the theoretical 
value. All the more because of its current high percentage of 
completion, it cannot be expected to reduce the conduction 
loss drastically. 

[0006] As to switching loss, loss recovery techniques 
utiliZing resonance phenomenon and soft switching tech 
niques have been developed for preventing electromagnetic 
environment pollution and reducing power loss. In contrast, 
a conduction loss in transistors serving as a switching 
element inevitably arises when a current is passed through 
the element and the level of the loss depends on the 
performance of the element. Thus, the conduction loss 
cannot be readily reduced only by a simple modi?cation but 
a radical review of circuit topology. 

[0007] In the technical ?eld of the power conversion 
apparatus, various efforts are currently continued to achieve 
further downsiZed apparatus as a whole, higher power 
density, and higher ef?ciency et al. 

[0008] Two primary losses arise in the semiconductor 
switching transistor of the power conversion apparatus; one 
is a switching loss arising in the course of changing the 
transistor from ON state to OFF state or from OFF state to 
ON state; and the other is a conduction loss caused by a 
voltage drop arising in the transistor when this transistor is 
in ON state. Thus, in order to provide a power conversion 
apparatus capable of meeting the need in response to the 
demand for further downsiZing the current power conversion 
apparatus and enhancing its power density, it is necessary to 
develop a technique capable of achieving higher ef?ciency 
by comprehensively reducing both of the conduction loss 
caused by the voltage drop in ON state of the switching 
transistor and the switching loss which lead to a power loss. 

[0009] Heretofore, there have been very few cases report 
ing that the conduction loss in the switching transistor was 
reduced by an effective improvement in circuit. Giving some 
eXamples from among such few cases, Japanese Patent 
Laid-Open Publication No. Hei 1-97173 discloses a tech 
nology for reducing both a switching loss and conduction 
loss in a PWM full-bridge power conversion apparatus, such 
as a PWM inverter, by applying a semiconductor switching 
element having a small conduction loss, such as a bipolar 
transistor, to an arm switched by commercial frequency, and 
a semiconductor switching element having a small switching 
loss, such as a static-induction transistor (SIT), to an arm 
switched by high-frequency, so as to make up a bridge 
circuit in the apparatus. The Journal of the Institute of 
Electrical Engineers of Japan, Section D, vol. 116, No. 12, 
1996, pp. 1205-1210, also discloses a modi?cation in circuit 
for reducing a conduction loss in a power conversion 
apparatus using semiconductor switching elements. How 
ever, these prior arts involve problems, such as an actual 
restriction of their driving frequency, due to insuf?cient 
studies in terms of optimiZation of the conduction loss, 
reduction of the loss in their driving circuit, downsiZing et 
al. For eXample, the aforementioned Japanese Patent Laid 
Open Publication includes no speci?c teaching about how to 
drive the bipolar transistor serving as a current control 
switching element. However, when a constant current is 
applied to a base of the transistor as in conventional methods 
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for driving transistors, the efficiency in loW load Will be 
particularly deteriorated due to the driving loss in no load 
state or loW load state. In the technique described in the 
aforementioned Journal of the Institute of electrical Engi 
neers of Japan, tWo transistors each having a small conduc 
tion loss are selectively used among the sWitching transistors 
to couple With each other in the form of the Darlington 
connection, and its initial-stage transistor serves as a driving 
transistor. Further, an auxiliary poWer source composed of a 
current transformer (CT) is interposed betWeen the driving 
transistor and the other or main transistor. This disclosure 
describes that this circuitry may reduce the conduction loss 
to one-third. HoWever, in the circuit described in this dis 
closure, it is necessary for the couple of Darlington-con 
nected transistors to have a high Withstand voltage charac 
teristic. Generally, as a Withstand voltage of a semiconductor 
sWitching element is increased, the element has an increased 
voltage drop and a loWered sWitching speed. Thus, this 
technique has its limits in achieving an improved efficiency 
and enhanced driving frequency. 

DISCLOSURE OF THE INVENTION 

[0010] In vieW of the aforementioned problems in the 
prior arts, it is an object of the present invention to provide 
a sWitching circuit for a poWer conversion apparatus capable 
of reducing conduction loss to provide a higher efficiency, 
and achieving doWnsiZing and Weight-reduction and higher 
driving frequency based on the improved efficiency. 

[0011] In order to achieve the aforementioned object, in a 
sWitching circuit for a poWer conversion apparatus accord 
ing to the present invention, a driving transistor is connected 
to a sWitching main transistor to supply a driving poWer for 
ON-OFF driving thereto, and an auxiliary poWer source 
composed of a current transformer is provided betWeen the 
main transistor and the driving transistor. Further, an aux 
iliary transistor having a loWer sWitching loss than that of the 
main transistor is connected in parallel With the main 
transistor to form a main sWitch in combination With the 
main transistor. In the present invention, a current-driven 
type transistor serves as the main transistor, and voltage 
driven type transistors serve as both of the driving transistor 
and the auxiliary transistor. The auxiliary transistor is 
adapted to be driven at a higher speed timing than that of the 
main transistor When the main transistor is turned on, and 
adapted to be driven at a loWer speed than that of the main 
transistor When the main transistor is turned off. 

[0012] In a preferred embodiment of the present invention, 
the main transistor is adapted to have a period of OFF state 
in the state When a driving control signal is transmitted only 
to the auxiliary transistor to bring the auxiliary transistor 
into ON state. In this case, a regenerative diode is preferably 
provided to regenerate poWer from an output of the main 
sWitch to the auxiliary poWer source in the period When the 
driving control signal is transmitted only to the auxiliary 
transistor. In another embodiment of the present invention, 
the auxiliary transistor may be adapted to be driven only 
during an activation period of the main sWitch. Further, in 
another embodiment of the present invention, an activating 
poWer source may be provided for supplying an activating 
poWer to the auxiliary poWer source only during the acti 
vation period of the main sWitch. 
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[0013] In another aspect of the present invention, there is 
provided a sWitching circuit for a poWer conversion appa 
ratus, Wherein a driving transistor is connected to a sWitch 
ing main transistor to supply a driving poWer for ON-OFF 
driving thereto, and an auxiliary poWer source composed of 
a current transformer is provided betWeen the main transis 
tor and the driving transistor, so as to supply a poWer from 
the auxiliary poWer source to the driving transistor through 
a recti?er circuit. In this case, a current-driven type transis 
tor serves as the main transistor, and voltage-driven type 
transistors serves as the driving transistor. An activating 
device is also provided for applying a bias poWer to the 
auxiliary poWer source in an earlier timing than that of an 
activation of the main transistor When the main transistor is 
turn on. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a circuit diagram of a sWitching circuit 
shoWing one embodiment of the present invention; 

[0015] FIG. 2 is a circuit diagram shoWing a structure of 
a poWer conversion apparatus using the sWitching circuit of 
FIG. 1; 

[0016] FIG. 3 is a diagram shoWing a sWitching timing in 
the poWer conversion apparatus of FIG. 2; 

[0017] FIG. 4(a) is a circuit diagram shoWing an arrange 
ment of an activating poWer supply transistor; 

[0018] FIG. 5(b) is a circuit diagram shoWing another 
arrangement of an activating poWer supply transistor; and 

[0019] FIG. 6 is a circuit diagram shoWing an example of 
poWer conversion apparatus using a sWitching circuit pro 
vided With the activating poWer supply transistor. 

BEST MODE OF CARRING OUT THE 
INVENTION 

[0020] With reference to the draWings, embodiments of 
the present invention Will noW be described. Firstly, refer 
ring to FIG. 1, a sWitching circuit implementing the present 
invention includes a main transistor S1 composed of a 
current-driven type semiconductor sWitching element, and a 
driving transistor S2 connected to a base of the main 
transistor S1 to apply a driving signal to the base the main 
transistor S1. As one feature of the present invention, the 
driving transistor is composed of a voltage-driven type 
semiconductor element. An auxiliary transistor S3 is con 
nected in parallel With the main transistor S1. This auxiliary 
transistor S3 is also composed of a voltage-driven type 
semiconductor element. Adrain of the auxiliary transistor S3 
is connected to a collector of the main transistor S1, and a 
source of the auxiliary transistor S3 is connected to an 
emitter of the main transistor S1. The main transistor S1 and 
auxiliary transistor S3 make up a main sWitch MS. 

[0021] The collector of the main sWitch S1 is connected to 
one electrode of a DC poWer source through a connecting 
terminal 1, and the emitter of the main transistor S1 is 
connected to the other electrode of the DC poWer source 
through a connecting terminal 2. The main sWitch MS and 
the driving transistor S2 are connected to the connecting 
terminal 1 through a current transformer CT. A primary 
Winging CT1 of the current transformer CT is connected in 
series With the main transistor S1, and a secondary Winging 



US 2001/0038540 A1 

CT2 of the current transformer CT is connected to the 
driving transistor S2 through a recti?er circuit composed of 
a diode D1 and a capacitor C1. Each diode D2, D3 is 
connected in parallel With the primary Winding CT1 of the 
current transforrner CT. Speci?cally, a drain of the driving 
transistor S2 is connected to the secondary Winding of the 
current transforrner CT, and a source of the driving transistor 
S2 is connected to the base of the main transistor S1. 

[0022] In this sWitching circuit, terminals 3 and 4 are 
provided for receiving input signals applied to respective 
gates of the driving transistor S2 and the auxiliary transistor 
S3, respectively. An operation of the current transformer is 
the same as that described in the aforementioned disclosure 
of the Journal of the Institute of Electrical Engineers of 
Japan. Speci?cally, a driving current corresponding to an 
input current of the main sWitch is supplied to the base of the 
main transistor S1 through the driving transistor S2. In the 
illustrated sWitching circuit, since one end of the secondary 
Winding of the current transforrner CT is connected to the 
drain of the driving transistor S2 and the other end of the 
secondary Winding is connected to the emitter of the main 
transistor S1, a Withstand voltage required to the driving 
transistor S2 becornes lower than that of the main transistor 
S1. Thus, a relatively inexpensive transistor having a 10W 
Withstand voltage characteristic, a fast sWitching speed, and 
a low voltage drop may be used as the driving transistor S2. 
Since the driving transistor S2 for supplying the driving 
current to the main transistor S1 is composed of a voltage 
driven type of transistor, the driving transistor S2 may be 
driven by a suitable control signal having poWer saving 
effect. 

[0023] FIG. 2 shoWs one example of a poWer conversion 
apparatus using the sWitching circuit shoWn in FIG. 1. This 
poWer conversion apparatus includes four sWitching circuits 
having the structure shoWn in FIG. 1, and the reference 
numbers B1, B2, B3, B4 indicates each sWitching circuit. In 
FIG. 2, While circuit elements and their connection are 
shoWn for the sWitching circuit B1 as With FIG. 1, such 
detail has been omitted for other sWitching circuits B2, B3, 
B4. 

[0024] In FIG. 2, terminals 1 of the sWitching circuits B1, 
B4 are connected to a positive electrode of a DC poWer 
source E, and each emitter of main transistors S1 of the 
sWitching circuits B2, B3 are connected to a negative 
electrode of the DC poWer supply E. Ernitters of main 
transistors S1 of the sWitching circuit B1, B4 and terminals 
1 of the sWitching circuit B2, B3 are connected to an output 
circuit 6, and the output circuit 6 is connected to a load 7. A 
signal corresponding to an output is input to a control circuit 
8. Signals S11, S12, S13, S14 indicating respective currents 
?oWing through rnain transistors S1 of the sWitching circuits 
B1, B2, B3, B4 are input to the control circuit 8. The control 
circuit 8 generates a sWitching signal by receiving these 
input signals. The sWitching signal includes rnain transistor 
driving signals SS1, SS2, SS3, SS4 to be applied to respec 
tive driving transistors S2 of the sWitching circuits B1, B2, 
B3, B4, and auxiliary transistor driving signals SE1, SE2, 
SE3, SP4 to be applied to respective auxiliary transistors S3 
of the sWitching circuits B1, B2, B3, B4. 

[0025] FIG. 3(a) is a time chart shoWing an operation 
timing of each sWitching transistor in the poWer conversion 
apparatus shoWn in FIG. 2. For setting the operation tirning 
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of each sWitching transistor, a half cycle of an AC output is 
divided into tWo sections, and different timings are set in 
each section. In the waveforms of the AC output shoWn in 
FIG. 3(b), the half cycle comprises a period T1 in Which an 
output current is higher than a given rate to a peak value of 
the output current, and a period T2 in Which the output 
current is lower than the given rate to the peak value. 

[0026] As soWn in FIG. 3(a), in the period T1, the driving 
signals SS1, SS3 indicated by (A) in FIG. 3(a) are applied 
to the driving transistors S2 of the sWitching circuits B1, B3, 
respectively, and thereby a current indicated by (B) in FIG. 
3(a) ?oWs through each of the sWitching circuits B1, B3. 
The driving signals SE1, SE3 indicated by (C) in FIG. 3(a) 
are also applied to the auxiliary transistors S3 of the sWitch 
ing circuits B1, B3, respectively, and thereby a current 
indicated by (D) in FIG. 3(a) ?oWs through each of the 
sWitching circuits B1, B3. As is apparent from FIG. 3(a), the 
driving signal applied to the auxiliary transistors S3 is 
initiated in an earlier tirning than that of the driving signal 
applied to the driving transistors S2, and it is held on after 
the driving signal of the driving transistors S2 is turned off. 
While the current of the auxiliary transistors S3 ?oWs until 
the current of the main transistor S1 raises up, the current of 
the auxiliary transistors S3 gradually decreases after the 
current starts ?oWing through the main transistor S1 and 
becomes Zero during the current equivalent to the output 
current ?oWs through the main transistor S1. This arises 
because the current-driven type rnain transistor S1 has a 
lower resistance to the current ?oW, and thereby the current 
?oWs toWard the main transistor. 

[0027] According to the above control, When the main 
sWitch MS is turn on, the recti?er circuit provided on the 
side of the secondary Winding of the current transforrner CT 
serving as an auxiliary poWer source is activated, and 
thereby the auxiliary poWer source may function Without 
any delay upon the turn-on of the main sWitch. Further, 
When the main sWitch MS is turn off, the sWitching operation 
arising a sWitching loss is carried out by the element having 
a faster sWitching speed than that of the main transistor S1. 
This allows the sWitching loss to be reduced. Further, since 
the current-driven type transistor having a 10W conduction 
loss is conducted during the most part of a period in Which 
the main sWitch is conducted, the conduction loss may also 
be reduced. Thus, the loss of the sWitching circuit may be 
reduced as a Whole. 

[0028] In this circuit, the auxiliary transistor S3 may be 
controllably operated only during the activation period of 
the main sWitch MS. The term “the activation period of the 
main sWitch MS” herein means a period of an initial 
operation in Which the initially activated rnain sWitch MS 
enters into a regular operation state. For this control, the 
driving signal is supplied to the auxiliary transistor S3 in 
response to a charging voltage of the capacitor C1 of the 
recti?er circuit connected to the secondary Winding CT2 of 
the current transforrner CT. More speci?cally, during the 
activation period of the main sWitch, the driving signal is 
applied to the gate of the auxiliary transistor S3 until a given 
electric charge is accumulated in the capacitor C1. Then, 
after the given electric charge has been accumulated in the 
capacitor C1, the driving signal of the auxiliary transistor is 
stopped. After the given electric charge has been accurnu 
lated in the capacitor C1, the power from the auxiliary poWer 
source is applied to the driving transistor S2 to activate the 
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regular switching operation of the main switch MS. In this 
control, the auxiliary transistor S3 is operated only in the 
initial operation of the main switch. This allows a compo 
nent having a low capacity to be used as the auXiliary 
transistor S3. Further, the operation of the main switch MS 
is controlled only by the action of main transistor S1 during 
a period other than the activation period of the main switch. 
Thus, the operating, or driving, frequency of the main switch 
depends on the characteristic of the main transistor. 

[0029] As shown in FIG. 3(a), the operating timings of the 
switching circuits B2, B4 are shifted by a half cycle with 
respect to those of the switching circuit B1, B3. 

[0030] In the period T2 in which the output current 
becornes lower than the given rate of the peak value of the 
output current, the driving signals SS1, SS3 for the driving 
transistors S2 is stopped, and the switching operation is 
carried out only by the activation of the auXiliary transistor 
S3, as shown in FIG. 3(a). In this case, the accumulated 
energy in the secondary winding CT2 of the transformer CT 
serving as the auXiliary power source may be regenerated 
from a terminal 5 having a diode D4 shown in FIGS. 1 and 
2, and this regenerated energy may, for example, be supplied 
to the auXiliary power supply of any other switching circuit. 
In order to achieve this operation, as shown in FIG. 4, a bias 
transistor T is connected to the circuit connected to the 
secondary winding CT2 of the current transforrner CT to 
supply an activating power through an anti-reverse-voltage 
diode D4, for example. Then, the regenerated energy at any 
other switching circuit may be supplied this switching 
circuit during the activation period of the main switch. 

[0031] Further, a circuit including the transistor T shown 
in FIG. 4(a) is useful for an activating circuit of the main 
switch. Speci?cally, during the activation period of the main 
switch MS, the activating power may be supplied from the 
transistor T to the main switch, and after the activation 
period, the transistor T may be controllably turn off. This 
activation process is advantageous to allow the main switch 
to be activated with a lower voltage. Thus, the auXiliary 
transistor S3 in FIG. 1 may be omitted and the anti-reverse 
voltage diode may be alternatively used. Furthermore, a 
circuit including the transistor T shown in FIG. 4(a) is also 
useful for an activating circuit of the main switch. Speci? 
cally, during the activation period of the main switch MS, 
the activating power may be supplied from the transistor T 
to the main switch, and after the activation period, the 
transistor T may be controllably turn off. This activation 
process is advantageous to allow the main switch to be 
activated with a lower voltage. Thus, the auXiliary transistor 
S3 in FIG. 1 may be omitted and the anti-reverse-voltage 
diode may be alternatively used. FIG. 5 shows one example 
of a power conversion apparatus using a switching circuit 
constructed as describe above. In FIG. 5, a diode connected 
in parallel with the main transistor S1 is designated by the 
reference number D6. 

Nov. 8, 2001 

What is claimed is: 
1. A switching circuit for a power conversion apparatus, 

wherein a driving transistor is connected to a switching rnain 
transistor to supply a driving power for ON-OFF driving 
thereto, an auXiliary power source composed of a current 
transforrner being provided between said rnain transistor and 
said driving transistor, an auXiliary transistor having a lower 
switching loss than that of said rnain transistor being con 
nected in parallel with said rnain transistor to form a main 
switch in combination with said rnain transistor, said switch 
ing circuit comprising; 

a current-driven type transistor serving as said rnain 
transistor, and voltage-driven type transistors serving 
as both of said driving transistor and said auXiliary 
transistor, wherein 

said auXiliary transistor is adapted to be driven at a higher 
speed than that of said rnain transistor when said rnain 
transistor is turned on, and adapted to be driven at a 
lower speed than that of said rnain transistor when said 
rnain transistor is turned off. 

2. A switching circuit as de?ned in claim 1, wherein said 
rnain transistor is adapted to have a period of OFF state 
within a half cycle of an AC output of said power trans 
forrner apparatus in the state when a driving control signal 
is transmitted only to said auXiliary transistor to bring said 
auXiliary transistor into ON state. 

3. A switching circuit as de?ned in claim 2, which further 
includes a regenerative diode for regenerating power from 
an output of said rnain switch to said auXiliary power source 
in said period when said driving control signal is transmitted 
only to said auXiliary transistor. 

4. A switching circuit as de?ned in either one of claims 1 
to 3, wherein said auXiliary transistor is adapted to be driven 
only during an activation period of said rnain switch. 

5. A switching circuit as de?ned in either one of claims 1 
to 4, which further includes an activating power source for 
supplying an activating power to said auXiliary power source 
only during said activation period of said rnain switch. 

6. A switching circuit for a power conversion apparatus, 
wherein a driving transistor is connected to a switching rnain 
transistor to supply a driving power for ON-OFF driving 
thereto, and an auXiliary power source composed of a 
current transformer is provided between said rnain transistor 
and said driving transistor, so as to supply a power from said 
auXiliary power source to said driving transistor through a 
recti?er circuit, said switching circuit comprising: 

a current-driven type transistor serving as said rnain 
transistor, and a voltage-driven type transistor serving 
as said driving transistor, and 

an activating device for applying a bias power to said 
auXiliary power source in an earlier tirning than that of 
an activation of said rnain transistor when said rnain 
transistor is turn on. 

* * * * * 


