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(57) ABSTRACT 

This invention provides a power supply device capable of 
widening a conduction period of an input current by a simple 
control to improve a power factor, and reducing a harmonic 
distortion of the input current The power supply device 
comprises a rectifier circuit, a reactor, a power factor cor 
rection circuit having Switching elements, capacitors and a 
reverse-current blocking rectifier elements, a smoothing 
capacitor for Smoothing an output voltage of the power 
factor correction circuit to obtain a DC voltage, a pulse 
signal controller generating and outputting a pulse signal for 
turning on and off the Switching elements, and a driver for 
receiving the pulse signal to drive a Switching elements of 
the power factor correction circuit. 
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POWER SUPPLY DEVICE AND AIR 
CONDITIONER USING THE SAME 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a power Supply device 
which converts an alternating current into a DC, and reduces 
a harmonic distortion of an input current so as to improve a 
power factor. 

2. Description of the Related Art 
Conventionally, a capacitor input type rectifier circuit has 

been used as an AC-to-DC converter circuit in various fields. 
The capacitor input type rectifier circuit inputs an AC 
Voltage to a diode rectifier circuit so as to obtain a ripple 
Voltage output, and Smoothens the ripple Voltage output by 
a capacitor so as to obtain a DC voltage. However, in the 
capacity input type rectifier circuit, a conduction period of 
an input current becomes narrow, and then, a power factor 
is worsened, and further, a reactive power is much. For this 
reason, it is not possible to effectively use a power, and the 
input current contains much harmonic distortions, as a 
result, there is a problem of fault to equipment connected to 
the identical power supply device. In order to solve the 
above problem, conventionally, a power Supply device hav 
ing a circuit configuration as shown in FIG. 31A has been 
developed as a technique for improving a power factor to 
reduce a harmonic distortion. 

As shown in FIG. 31B, when a rectifier circuit 103 
converts an AC voltage Vin from an AC power supply 101 
into a ripple output Voltage, the power Supply device can 
relieve a rush of the input current Iin by an inserted reactor 
102. As a result, the conduction period becomes widened, 
and thereby it is possible to improve a power factor and to 
reduce a harmonic distortion contained in the input current 
Iin. 

As described above, the conventional power Supply 
device shown in FIG. 31 has been used in various appara 
tuses because only passive components having a simple 
construction are inserted so as to improve a power factor. 

In recent years, a power Supply device as shown in FIG. 
32A has been developed, which improves a power factor 
using active elements. The power Supply device shown in 
FIG. 32A will be described below. In FIG. 32A, a control 
circuit 109 generates and outputs a signal for turning on and 
off a switching element 107 at a high frequency so as to form 
an input current into a shape of a sine wave. A reactor 106 
is a high-frequency compliant reactor for forming the input 
current into a shape of sine wave together with the Switching 
clement 107. A diode 108 prevents an electric change 
changed to a smoothing capacitor 104 from reversely flow 
ing when the switching element 107 is in an on state. 
The following is a description on an operation of the 

above power supply device. The control circuit 109 com 
pares a detection current from an input current detecting 
circuit (not shown) with a sine wave-shaped reference 
waveform prepared based on a power Supply Voltage 
waveform, and then, generates and outputs a pulse signal for 
controlling an on/off of the switching element 107 so as to 
form the input current into a shape of a sine wave. The 
switching element 107 makes an on/off operation in accor 
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2 
dance with the pulse signal to cause the reactor 106 to be in 
a short circuit or in an open circuit repeatedly so that the 
input current is brought close to the reference waveform. As 
a result, as shown in FIG. 32B, it is possible to obtain a sine 
wave-shaped input current Substantially similar to the alter 
nating voltage Vin of the AC power supply 101, and thus, to 
bring a power factor close to t. Further, it is possible to 
greatly reduce a harmonic distortion contained in the input 
current Ilin. 

Moreover, there is a power supply device which remark 
ably simplifies a Switching control So as to improve a power 
factor, as disclosed in Japanese Patent Laid-open Publication 
No. 9-26674, 10-174442, or Japanese Patent No. 2-763479. 

These power supply devices will be described below with 
reference to FIGS. 33 and 34. 

In a power supply device shown in FIG. 33A, a reactor 
102 is used for a low frequency. A control circuit 110 outputs 
a pulse signal for turning on the switching element 107 for 
a predetermined time in synchronous with a Zero cross point 
of the AC power supply 101. Whereby a current for short 
circuiting the AC power supply 101 flows via the rectifier 
circuit 103, the reactor 102 and the switching element 107. 
and thereby, the input current flows from the Zero cross point 
of the AC power supply 101. Then, when the switching 
element 107 becomes an off state, a current flows through 
the rectifier circuit 103, the reactor 102, a reverse-current 
blocking rectifier element 109 and the smoothing capacitor 
104. As a result, it is possible to be make wide a conduction 
period to improve a power factor. Further, the control circuit 
110 can output the pulse signal for turning on the Switching 
element 107 after a delay of predetermined time from the 
Zero cross point of the AC power supply 101. The delay time 
may be set in accordance with a magnitude of load, and 
thereby, it is possible to obtain an optimum power factor for 
each load. 

A power supply device shown in FIG. 34A includes 
capacitors 120a and 120b for improving a power factor. A 
control circuit 111 outputs a pulse signal for turning on a 
bi-directional signal 115 for a predetermined time in the 
vicinity of the Zero cross point of the AC power supply 101. 
Thus a charging current flows to the capacitor 120a or 120b 
via a reactor 102 and a rectifier circuit 103. A phase of the 
charging current is advanced, it is therefore possible to make 
early a rise of the input current. Then, when the 
bi-directional switch US becomes off, an input current flows 
through the reactor 102, the rectifier circuit 103 and a 
Smoothing circuit 104. Consequently, a conduction period of 
the input current can be widened to improve a power factor. 

Moreover, in the power supply device shown in FIG.34A, 
the control circuit 111 can change an output Voltage value by 
changing a pulse width of the pulse signal More specifically, 
the power supply device shown in FIG. 34A is operated as 
a full-wave rectifier circuit when the bi-directional switch is 
off, and is operated as a voltage doubler rectifier circuit when 
the bi-directional Switch is in an on State. 

Therefore, by changing a pulse width of the pulse signal, 
the control circuit 111 can change an output Voltage within 
a range which is more than a Voltage obtained a full-wave 
rectification, and is lower than a Voltage obtained by a 
voltage doubler rectification. 

However, in the above power supply device shown in 
FIG. 31A, its improvement effect is low although the power 
Supply device can improve a power factor with a simple 
construction and a sufficient power factor can not be 
obtained. Since a reactor value must be made large in order 
to obtain high power factor with the circuit construction, it 
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causes a problem that components would be made into a 
large size and a loss would simultaneously increase. 

Even though the above power supply device shown in 
FIG. 32A can form the input current into a shape of sine 
wave and control a power factor to approximately 1, the 
power supply device has the following problems. More 
specifically, the control becomes complicate, and a loss in 
the switching element 107 is increased due to high fre 
quency Switching accompanying with waveform shaping, 
and further, a Switching noise increases. Therefore a pow 
erful filter circuit is required for restricting the aforesaid 
loss. This causes a cost increase, an increase of loss in the 
filter circuit, and finally efficiency deterioration as a whole. 
The above power supply device shown in FIG. 33A has 

the following problems although it can remarkably simplify 
a Switching control. More specifically, in particular, a cur 
rent waveform becomes a non-continuous state as shown to 
FIG. 33B in a low load, or is too advanced: for this reason, 
a sufficient power factor can not obtained. Further, an output 
timing of the pulse signal is delayed for a predetermined 
time from the Zero cross point of the AC power Supply, and 
thereby, an optimum power factor is obtained in a low load. 
However, the control becomes complicate, because both of 
a delay time and a pulse width must be controlled. Further, 
in the case where the above power supply device is applied 
to an air conditioner or the like, the reactor is made into a 
large size in inputting 200V. and then, a loss is increased in 
the large-sized reactor. Further, since a Voltage applied to 
Switching means becomes high, a component having a high 
withstand Voltage is required. As a result, the component is 
made into a large size, and a Switching loss becomes great 
in the switching element 107. 

In the above power supply device shown in FIG. 34A, it 
is possible to remarkably simplify a Switching control, and 
to obtain high power factor in a low load. Further, it is 
possible to increase an output Voltage within a range which 
is more than a voltage obtained by a full wave rectification, 
and is lower than a Voltage obtained by a Voltage doublet 
rectification. This power supply device however has the 
following problems. More specifically, as shown in FIG. 
34B, when an output voltage increases, a Voltage boost ratio 
becomes higher, and the power Supply device is close to the 
voltage double rectifier circuit Consequently a sufficient 
power factor can not be obtained. It is impossible to obtain 
an output voltage more than a Voltage obtained by the 
voltage doubler rectification. 

SUMMARY OF THE INVENTION 

The present invention has been made in order to solve the 
aforesaid problem in the prior art. It is, therefore, an object 
of the present invention to provide a power Supply device 
which can obtain high power factor with a simple construc 
tion and control without carrying out high frequency 
Switching, prevent an increase of loss in a filter circuit 
resulting from an increase of loss in a Switching element and 
an increase of Switching noise, and can restrict a harmonic 
and a loss. 

Further, another object of the present invention is to 
provide a power Supply device which can obtain high power 
factor in the, whole loads even if a switching control is 
simplified, and can improve a power factor by a simple 
control. 

Further, mother object of the present invention is to 
provide an power Supply device which can prevent an 
increase in a size of reactor in an input of 200V. and an 
increase of loss resulting from the increase of the reactor 
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4 
size, and can prevent a Switching element from being made 
into a large size. In addition, another object of the present 
invention is to provide a power Supply device which can 
greatly change an output voltage even if a Switching control 
is simplified, and can obtain a Sufficient power factor. 
To achieve the above objects, according to the first aspect, 

the present invention provides a power Supply device. The 
device comprises a rectifier unit, a reactor, a power factor 
correction unit, an pulse signal controller and a Switching 
driver. 

The rectifier unit rectifies an output voltage of an AC 
power supply to convert the voltage into a DC voltage. The 
reactor is connected to the rectifier unit. The power factor 
correction unit inputs an output Voltage of the rectifier unit 
via the reactor. The power factor correction unit includes a 
Switching circuit, a capacitor circuit can a reverse-current 
blocking rectifier element. The Switching circuit comprises 
a plurality of Switching elements connected in series and 
turning on or off to change a current path in the power factor 
correction unit. The capacitor circuit comprises a plurality of 
capacitors connected in series. The reverse-current blocking 
rectifier element prevents the chime in the capacitors from 
flowing reversely when the switching circuit turns on. The 
Switching circuit and the capacitor circuit is arranged in 
parallel. At lest one of connection nodes between the switch 
ing elements is connected to one connection node between 
the capacitors. Ends of the Switching circuit is connected to 
ends of the capacitor circuit via the reverse-current blocking 
rectifier element. The pulse signal controller generates and 
outputs a pulse signal to turn on and off each Switching 
element of the power factor correction unit. The switching 
driver receives the pulse signal to drive the Switching circuit 
of the power factor correction unit based on the received 
pulse signal. 
The pulse signal controller may change a control method 

of the pulse signal in accordance with a Zero cross point of 
the AC Supply Voltage, magnitude of the AC Supply Voltage, 
status of a load, or the frequency of the AC Supply Voltage. 
For example, the pulse signal controller may select one 
control method from a plurality of methods for controlling 
the pulse signal in accordance with scants of a load. 

In the power Supply device according to the present 
invention, a wide conduction period can be obtained to 
restrict a harmonic distortion, and realize a power Supply 
device which can reduce a Switching noise and a loss by a 
simple construction and control. Further the power Supply 
device according to the present invention provides a low 
loss air conditioner which has high power factor and can 
restrict a harmonic distortion. 

An air conditioner with high efficiency, low harmonic and 
low loss also can be provided by applying thereto the power 
Supply device according to the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing a construction of a 
power Supply device according to a first embodiment of the 
present invention. 

FIG. 2 is a view showing a pulse signal and its principal 
waveform in the power Supply device according to the first 
embodiment of the present invention. 

FIG. 3 is a circuit diagram showing a construction of a 
power Supply device according to a second embodiment of 
the present invention. 

FIG. 4 is a circuit diagram showing a construction of a 
power Supply device of the present invention, and in 
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particular, is a circuit diagram showing a construction of a 
Zero cross detecting circuit. 

FIG. 5 is a view showing a pulse signal and its principal 
waveform in the power Supply device according to the 
second embodiment of the present invention. 5 

FIG. 6 is a view showing a pulse signal and its principal 
waveform in the power Supply device according to the third 
embodiment of the present invention. 

FIGS. 7A to 7D are views showing a current flowing path 
in one example of the power supply device of the present 10 
invention. 

FIG. 8 is a view showing a pulse signal and its principal 
waveform in the power Supply device according to the 
fourth embodiment of the present invention. 

FIG. 9 is a view showing another pulse signal and its 
principal waveform in the power Supply device according to 
the fourth embodiment of the present invention. 

FIG. 10 is a view showing a pulse signal and its principal 
waveform in the power supply device according to the fifth 
embodiment of the present invention. 

FIG. 11 is a circuit diagram showing a construction of a 
power Supply device according to a sixth embodiment of the 
present invention. 

FIG. 12 is a view showing a pulse signal and its principal as 
waveform in the power Supply device according to the sixth 
embodiment of the present invention. 

FIG. 13 is a circuit diagram showing a construction of a 
power Supply device according to a seventh embodiment of 
the present invention. 30 

FIG. 14 is a circuit diagram showing a construction of a 
power supply device according to a eighth embodiment of 
the present invention. 

FIG. 15 is a view showing a pulse signal and its principal 
waveform in the power Supply device according to the 35 
eighth embodiment of the present invention. 

FIG. 16 is a circuit diagram showing a construction of a 
power Supply device according to a ninth embodiment of the 
present invention. 

FIG. 17 is a circuit diagram showing a construction of a 40 
power Supply device according to a tenth embodiment of the 
present invention. 

FIGS. 18A and 18B are views showing a pulse signal and 
its principal waveform in the power Supply device according 
to the tenth embodiment of the present invention. 

FIG. 19 is a circuit diagram showing a construction of a 
power Supply device according to a eleventh embodiment 
(and twelfth embodiment) of the present invention. 

FIG. 20 is a view showing a relationship between a motor 
speed and a pulse width of a pulse signal outputted by pulse 
signal control means. 

FIG. 21 is a view showing a control mode of a power 
factor correction circuit with respect to a load and a motor 
speed control by an inverter. 

FIG. 22 is a view showing a control mode of a power 
factor correction circuit with respect to a load and a motor 
speed control by an inverter. 

FIG. 23 is a view showing a control mode of a power 
factor correction circuit with respect to a load and a motor 60 
speed control by an inverter. 

FIG. 24 is a circuit diagram showing a construction of a 
power Supply device according to a thirteenth embodiment 
of the present invention. 

FIG. 25 is a circuit diagram showing a construction of a 65 
power Supply device according to a fourteenth embodiment 
of the present invention. 
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FIG. 26 is a view showing a relationship between a motor 

speed and a pulse width of a pulse signal outputted by pulse 
signal control means. 

FIG. 27 is a block diagram showing a construction of an 
air conditioner according to one embodiment of the present 
invention. 

FIG. 28 is a view showing another construction of the 
power Supply device of the present invention. 

FIGS. 29A to 29D are views showing a current flow path 
in another example of the power Supply device of the present 
invention. 

FIG.30 is a view showing still another construction of the 
power Supply device of the present invention. 

FIG. 31A is a circuit diagram showing one example of a 
conventional power supply device, and FIG. 31B is a view 
showing a principal waveform. 

FIG. 32A is a circuit diagram showing another example of 
a conventional power supply device, and FIG. 32B is a view 
showing a principal waveform. 

FIG. 33A is a circuit diagram showing still another 
example of a conventional power Supply device, and FIG. 
33B is a view showing a principal waveform. 

FIG. 34A is a circuit diagram showing still another 
example of a conventional power Supply device, and FIG. 
34B is a view showing a principal waveform. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of a power supply device accord 
ing to the present invention will be described below to detail 
with reference to the accompanying drawings. In all 
drawings, like reference numerals are used to designate the 
identical or equivalent components or portions. 

First Embodiment 

FIG. 1 is a circuit diagram showing a construction of a 
power Supply device according to one embodiment of the 
present invention. In FIG. 1. The power supply device 
comprises a rectifier circuit 2 for rectifying an AC voltage 
from an AC power supply 1 to output a rectified ripple 
Voltage, a reactor 3 for improving a power factor, a power 
factor correction circuit 7 and a Smoothing capacitor 8 for 
Smoothing an output Voltage of the power factor correction 
circuit 7 to supply the voltage to a load 9. The rectifier circuit 
2 is composed of a plurality of rectifier elements 2a, 2b, 2c 
and 2d. The power factor correction circuit 7 is composed of 
two Switching elements 4a and 4b connected in series, and 
two capacitors. 5a and 5b connected in series, and two 
reverse blocking rectifier elements 6a and 6b. An interme 
diate point of the serial connection of two Switching ele 
ments 4a and 4b is connected with an intermediate point of 
the serial connection of two capacitors. 5a and 5b. The 
Switching element 4a and the capacitor 5a are connected via 
the reverse blocking rectifier element 6a. The switching 
element 4b and the capacitor 5b are connected via the 
reverse blocking rectifier element 6b. 

In this case, self arc-extinguishable semiconductors such 
as a power transistor, a power MOSFET, an IGBT are used 
as these Switching elements 4a and 4b. Moreover, to give an 
example of load, there are a heating wire, an inverter and 
lighting equipment and motors which are connected to the 
inverter to operate etc. 

Further, the power Supply device includes a pulse signal 
controller 22 which generates and outputs a pulse signal for 
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driving the Switching elements 4a, and 4b, and a Switching 
driver 23 which receives a pulse signal from the pulse signal 
controller 22 to drive the switching elements 4a and 4b. The 
pulse signal controller 22 comprises a general logic circuit 
or a microprocessor. The switch driver 23 comprises a 5 
transistor, , a dedicated IC or a Photo-coupler for electrical 
insulation. 

An operation of the pulse signal controller 22 will be 
described below. The pulse signal controller 22 generates 
and outputs a pulse signal for turning on at least one of two 
switching elements 4a and 4b in a half period of AC power 
Supply 1. 

FIG. 1 is a view showing a pulse signal outputted by the 
pulse signal controller 22, a power Supply Voltage, and a 
waveform of an input current in this embodiment. In FIG. 2, 
“Vin' shows a voltage of the AC power supply 1, “Iin' 
shows an input current, "Pa' shows a pulse signal for driving 
the switching element 4a, and “Pb' shows a pulse signal for 
driving the Switching element 46. 

10 

15 

In FIG. 2, pulse signals Pa and Pb having the same pulse 2O 
width are outputted to two switching elements 4a and 4b at 
the same timing. As a result, in a period of no current flow 
primitively, a short-circuit current flows via the rectifier 
circuit 2, the reactor 3 and the Switching elements 4a and 4b. 
and thereby, it is possible to make wide a conduction period 
as compared with the conventional power Supply device as 
shown in FIG. 31. Thus, it a possible to obtain a sufficiently 
high power factor, and to restrict a harmonic distortion 
contained in the input current 
As described above, in the power supply device of this 

first embodiment, a more sufficiently high power factor can 
be obtained with a simple construction and control. 
Therefore, it is possible to provide a low-loss power supply 
device which has a small Switching noise, and prevents an 
increase of loss in a filter circuit and Switching elements 4a 
and 4b. 

25 

30 

35 

Second Embodiment 

FIG. 3 is a circuit diagram showing a construction of a 
power Supply device according to another embodiment of 
the present invention. As shown in FIG. 3, the power supply 
device further includes a Zero cross detecting circuit 21 
which detects a zero cross point of the AC power supply 1, 
and outputs a Zero crass detection signal, in addition to the 45 
circuit construction shown in FIG. 1. FIG. 4 shows a 
construction of the power Supply device including the Zero 
cross detecting circuit 21 shown in detail. The Zero cross 
detecting circuit 21 alternately detects a Zero cross point of 
the AC power supply 1 for each half period with the use of 50 
resistors 62a, 62b, 63a and 63b and Photo-couplers 61a and 
61b. The pulse signal controller 22 receives a Zero cross 
detection signal from the Zero cross detecting circuit 21, and 
then, generates and outputs a pulse signal for driving the 
Switching elements 4a and 4b. This pulse signal controller 55 
22 a composed of a general logic circuit or a microprocessor. 
The switch driver 23 receives a pulse signal from the pulse 
signal controller 22 so as to drive the Switching elements 4a 
and 4b. 
An operation of the pulse signal controller 22 will be 60 

described below. The pulse signal controller 22 generates 
and outputs two kinds of pulse signals for turning on two 
Switching elements 4a and 4b respectively in a half-period of 
AC power supply 1. In this case, the two kinds of pulse 
signals are alternately switched over for each half period of 65 
the AC power Supply 1 , and then, are outputted to two 
Switching elements 4a and 4b, and thereby it is possible to 

40 

8 
uniformly supply a charging current to two capacitors 5a and 
5b alternately for each half period, and thus, to widen a 
conduction period thereby improving a power factor. 

FIG. 5 is a view showing a pulse signal outputted by the 
pulse signal controller 22, a power Supply Voltage and a 
principal waveform of an input current in this second 
embodiment. As shown in FIG. 5, the pulse signal controller 
22 outputs two pulse signals to the Switching elements 4a 
and outputs one pulse signal to the Switching element 4b in 
a positive half period of the power supply voltage Vin in 
synchronous with the Zero cross point of the AC power 
Supply 1. On the contrary, to a negative half period of the 
power Supply Voltage Vin, the number of pulse signals is 
Switched over, more specifically, the pulse signal controller 
22 outputs one pulse signal to the Switching element 4a and 
outputs two pulse signals to the Switching element 4b. In the 
aforesaid manner, a Switch-over of an output pattern of the 
pulse signal it carried out for each half period of the AC 
power Supply 1. 

In FIG. 5, in the positive hall period of the AC power 
Supply 1, both Switching elements 4a and 4b become on at 
the same time by means of the pulse signals Pa and Pb for 
a predetermined time in synchronous with the Zero cross 
point of the AC power Supply 1. A current short-circuiting 
the AC power supply 1 flows via the rectifier circuit 2, the 
reactor 3 and the switching elements 4a and 4b. Therefore, 
an input current rises up in Synchronous with the Zero cross 
point of the AC power supply 1. 

Then, when the pulse signals Pa and Pb becomes off, a 
current decreases thereafter, the Switching element 4a again 
becomes on by means of the pulse signal Pa. Thus, a current 
charging the capacitor 5b flows via the rector 3 and the 
Switching element 4a; therefore, a current again increases. 
As a result, it is possible to enlarge a conduction period of 
the input current 

Likewise, to the negative half period of the AC power 
Supply 1, a short-circuit current flowing via the reactor 3 and 
a charging current to the capacitor 5a flow, and thereby, it is 
possible to enlarge a conduction period of the input current. 
The above operation is repeated for each period of the AC 

power Supply 1, and thereby, it is possible to obtain a 
Sufficiently high power factor, and to restrict a harmonic 
distortion. 
As described above, air the power supply device of this 

second embodiment, the pulse signals Pa and Pb outputted 
to two switching elements 4a and 4b are switched over for 
each half period of the AC power supply 1. Whereby it is 
possible to obtain a sufficiently high power factor by a 
simple construction and control, and thus, to restrict a 
harmonic distortion. Further, it is possible to use a short 
circuit current via the reactor 3, which has a relatively 
Sudden current increases, and a charging current to the 
capacitor 5a or 5b, which has a relatively gentle current 
increase. Therefore, by use of these currents, and by change 
of circuit constant in combination with the use of these 
currents, it is possible to obtain various current waveforms 
to achieve a higher power factor. 

Furthermore, a low-loss power supply device which can 
generate Small noise and restrict an increase of loss in a filter 
circuit and the Switching elements 4a and 4b can be pro 
vided. 

This second embodiment has described an output pattern 
Such that two or one pulse signal is alternately outputted to 
two switching elements 4a and 4b for each half period. The 
output pattern is not limited to this pattern. 

Third Embodiment 

FIG. 6 is a view showing each waveform (hereinafter, 
referred to as “principal waveform) of a power supply 
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Voltage, an input current, and both ends Voltage of each 
capacitor, and a waveform of a pulse in a power Supply 
device according to still another embodiment of the present 
invention. FIG. 7 is a view showing a change of a current 
flowing path in the power Supply device. A positive half 
period of a power Supply Voltage a divided into five periods, 
and then, an operation of each period will be described 
below in detail with reference to FIGS. 3, 6 and 7. In the 
following description, “Va’ or “Vb' shows a voltage across 
capacitors 5a or 5b respectively, and “Vdc' shows a voltage 
across the Smoothing capacitor 8. 

Period CD: The pulse signal controller 22 outputs a pulse 
signal for taming on either of the Switching elements 4a and 
4b for a predetermined time in synchronous with the Zero 
cross point of the voltage Vin of the AC power supply 1. In 
the example shown in FIG. 6, a pulse signal Pa for turning 
on the Switching element 4a is outputted. At this time, a 
voltage on the load side seen from the AC power supply 1 
becomes equal to voltage Vb of the capacitor 5b, and 
becomes a value of approximately 4 of the voltage Vdc of 
the smoothing capacitor 8. However, in this period, the 
power supply voltage Vin is lower than the voltage Vb of the 
capacitor 5b, and there is no current conduction from the AC 
power supply 1 to the load 9. Thus, no input current lin 
flows. 

Period (2): The power Supply Voltage Vin becomes larger 
than the voltage Vb of the capacitor 5b; therefore, a charging 
current to the capacitor 5b starts to flow along a current 
flowing path as shown in FIG. 7A, and then, the current 
increases until the on state of the pulse signal is completed 
while the voltage Vb of the capacitor 5b increasing as 
increase of the current. 

Period (3): Two switching, elements 4a and 4b are both in 
an off state, and a voltage on the load side from the AC 
power supply 1 becomes equal to the voltage Vdc of the 
Smoothing capacitor 8. At this time, the power Supply 
voltage Vin is smaller than the Vdc; however, the input 
current Iin continues to flow by an energy stored in the 
reactor 3 while decreasing. 

Period (4): The power Supply Voltage Vin becomes larger 
than the Voltage Vdc of the Smoothing capacitor 8, and in 
this interval, the input current Iin flows along a current 
flowing path as shown in FIG. 7C to charge the smoothing 
capacitor 8. 

Period (5): The charge to the Smoothing capacitor 8 is 
completed, and in this period, no input current Iin flows. 

The operation from the Period (D to Period (5) described 
above can make early a rise of the input current as compared 
with the conventional case, and widen a conduction period 
of the input current. 

Moreover, in the negative half period of the AC power 
Supply 1, the pulse signal controller 22 outputs a pulse signal 
for running on the Switching element 4b for a predetermined 
time. At thus time, a Voltage to the load side seen from the 
AC power supply 1 becomes equal to the voltage Va of the 
capacitor 5a. As well as the positive half period of the AC 
power Supply 1 already described, a charging current to the 
capacitor 5a starts to flow from the point where the power 
Supply Voltage Vin becomes larger than the Va along a 
current flowing path as shown to FIG. 7B. After that, the 
same operation as the positive half period of the AC power 
Supply 1 is carried out. Thus, it is possible to make early a 
rise of the input current as compared with the conventional 
case to widen a conduction period of the input current. 

Repeating the operation as described above for each 
period of the AC power supply 1 can provide a sufficiently 
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10 
high power factor, and reduce a harmonic distortion con 
tained in the input current. 
As described above, the power supply device of this third 

embodiment can realize a reduction of a harmonic distortion 
contained in the input current by a simple construction and 
by a very simple control of one-time pulse signal output to 
the half period of the power supply voltage. This allows a 
low-loss power Supply device to have a small Switching 
noise, and restrict an increase of loss in a filter circuit and the 
Switching elements 4a and 4b. 
The power supply device of thus embodiment is effective 

specially in case where the power Supply device of this 
embodiment is applied to equipment such as an air condi 
tioner or the like, and in case where the AC power supply 1 
is 200V, when the switching element 4a or 4b is in an on 
state, a Voltage applied to the reactor 3 is moderated only by 
the voltages Va and Vb of the capacitors 5a and 5b. 
Therefore, it is possible to greatly matte the reactor 3 into a 
Small size as compared with the conventional power Supply 
device shown in FIG. 33. Thus, the system can be minia 
turized as a whole and reduce a loss in the reactor 3 to 
achieve a low loss of equipment. 

Fourth Embodiment 

FIG. 8 is a view showing a pulse signal and a waveform 
of a principal waveform in a power Supply device according 
to still another embodiment of the present invention. A 
positive halfperiod of a power supply voltage is divided into 
three periods, and then, an operation of each period will be 
described below in detail with reference to FIG. 3. FIG. 7 
and FIG. 8. 

Period CD: The pulse signal controller 22 outputs a pulse 
signal having different pulse width for turning on two 
Switching elements 4a and 4b for a predetermined time in 
synchronous with the Zero cross point of the voltage Vin of 
the AC power supply 1. In the example shown in FIG. 8, the 
pulse signal controller 22 outputs a pulse signal Pb for 
turning on the switching element 4b for a relatively short 
tune in Synchronous with a detection of the Zero cross point 
of the AC power Supply 1, and outputs a pulse signal Pa for 
turning on the Switching element 4a for a time which is 
longer than that of the Switching element 4b and is equal to 
or shorter than a half period of the AC power supply 1. As 
a result, in the Period CD, both two switching elements 4a 
and 4b become an on state, and a current short-circuiting the 
AC power Supply 1 flows along a current flowing path as 
shown in FIG. 7D via the rectifier circuit 2, the reactor 3 and 
the Switching elements 4a and 4b. 

Period (2): The switching element 4b becomes an off 
state. A voltage on the load side seen from the AC power 
Supply 1 becomes equal to the Voltage Vb of the capacitor 
5b. At this time, the power supply voltage Vin is larger than 
the Vb, charging current flows to the capacitor 5b via the 
reactor 3 along the current flowing path shown in FIG. 7A. 

Period (3): The charge to the capacitor 5b is completed, 
and in this period, no input current Iin flows. 

Like the third embodiment, the operation form the Period 
CD to the Period (3), as described above, can make early a 
rise of the input current as compared with the conventional 
power Supply device to widen a conduction period of the 
input current. 

Moreover, in the negative half period of the AC power 
Supply 1, the pulse signal controller 22 detects the Zero cross 
point, and thereafter, conversely to the case of the positive 
half period of the AC power Supply 1, outputs a pulse signal 
Pa for turning on the switching element 4a for a relatively 
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short time, and a pulse signal Pb for turning on the Switching 
element 4b for a time which is longer than that of the 
Switching element 4a and is equal to or shorter than a half 
period of the AC power Supply 1. As a result in the negative 
half period of the AC power Supply 1, the same operation as 
the positive half period is performed to make early a rise of 
the input current as compared with the conventional power 
Supply device and to obtain a current waveform having a 
wide conduction period. 

Repeating the operation as described above for each 
period of the AC power supply 1 can obtain a sufficiently 
high power factor and reduce a harmonic distortion con 
tained in the input current. 

In the power supply device of this fourth embodiment, in 
the Period CD, an energy is stored in the reactor 3 by a 
short-circuit current via the reactor 3 along the current 
flowing path shown in FIG. 7D. In the Period (2), energy is 
stored in the capacitors. 5a and 5b by the changing current to 
the capacitor 5b or 5a along the current flowing path shown 
in FIG. 7A or 7B. Therefore, the power supply device of this 
embodiment can provide high power factor and the output 
voltage Vdc sufficiently larger than the voltage Vin of the 
AC power Supply 1. Thus, an output voltage higher than a 
voltage obtained by voltage doubler rectification can be 
provided. 
As described above, the power supply device of this 

embodiment can enlarge a conduction period by a very 
simple control of one-time pulse signal output by output of 
a pulse signal having different pulse in the half period of the 
power Supply Voltage to two Switching elements 4a and 4b 
respectively. Thus, a sufficiently high power factor can be 
achieved. 

Further, a Switching noise is Small, and it is possible to 
restrict an increase of loss in a filter circuit and the Switching 
elements 4a and 4b. Therefore, a reduction of loss can be 
achieved. In addition, since an output voltage is increased 
greater than a voltage obtained by Voltage doubler 
rectification, it is possible to provide a power Supply device 
which is adaptable to a load requiring a high DC voltage. 

In the power Supply device according to the invention 
shown in the third embodiment, as shown in FIG. 9, by 
generating a pulse signal for turning on the Switching 
element for a period longer than the half period of the AC 
power Supply 1, and outputting the generated pulse signal 
alternately for each half period of the AC power supply 1, it 
is possible to carry out the same operation as, the power 
supply device of the fourth embodiment to obtain the same 
effect. 

In the power supply device of this fourth embodiment, a 
pulse width of two pulse signals Pa and Pb having different 
pulse width is controlled within a range less than the half 
period of the power supply voltage. Therefore, it is possible 
to control an output voltage value of the power Supply 
device in a wide range while obtaining high power factor 
correction effect. 

Fifth Embodiment 

FIG. 10 is a view showing a pulse signal and a waveform 
of a principal waveform in a power Supply device according 
to still another embodiment of the present invention. The 
fifth embodiment will be described below in detail with 
reference to FIGS. 3, 7 and 10. 

In the example shown in FIG. 10, pulse signals Pa and Pb 
having the same pulse width are simultaneously outputted to 
both two Switching elements 4a and 4b in synchronous with 
a Zero cross detection signal from the Zero cross detecting 
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circuit 21. As a result, when both Switching elements 4a and 
4b are in a on state, a short-circuit current flows via the 
rectifier circuit 2, the reactor 3 and the switching elements 
4a and 4b along the current flowing path shown in FIG. 7D. 
Therefore, the input current Iin can flow in the vicinity of the 
Zero cross point of the AC power supply 1 where there is 
primitively no current flow. Thus, the input current Iin can 
rise up in Synchronous with the Zero cross point, it is 
possible to greatly widen a conduction period so as to obtain 
a Sufficiently high power factor, and to reduce a harmonic 
distortion contained in the input current Ilin. 

Thus, as seen from FIGS. 3, 7 and 10, in the power supply 
device of this fifth embodiment, the conduction period is 
enlarged by a simple control of simultaneously turning on 
two switching elements 4a and 4b in a half period of the 
power Supply Voltage. Therefore, a Sufficiently high power 
factor can be obtained to greatly reduce a harmonic distor 
tion contained in the input current. 

Further, a Switching noise becomes Small, and it is pos 
sible to restrict an increase of loss in a filter circuit and the 
Switching elements 4a and 4b so as to achieve a low loss. 
Therefore, an energy can be stored in the reactor 3 by a 
short-circuit current via the reactor 3 to increase an output 
voltage Vdc. 

In a circuit construction of this embodiment, since the 
Switching elements 4a and 4b are connected in series, a 
Voltage applied to each of the Switching elements 4a and 4b 
becomes half as compared with the conventional case shown 
in FIG. 33. Whereby it is possible to use the switching 
elements 4a and 4b having a low withstand Voltage, so that 
individual components can be miniaturized. As a result, the 
power supply device can be made into a small size as a 
whole. 

Moreover, a Voltage applied to each of the Switching 
elements 4a and 4b is a half of the conventional case shown 
in FIG. 33. Therefore, a switching loss in the switching 
elements 4a and 4b can be reduced in particular, when the 
input current is Small, that is, in a low load, it is possible to 
realize a low-loss power supply device. The above effect is 
not limited to this fifth embodiment, and the same effect can 
be obtained in the power supply device of other embodi 
mentS. 

Sixth Embodiment 

FIG. 11 is a circuit diagram showing a construction of a 
power Supply device according to sell another embodiment 
of the present invention. As shown in FIG. 11, the power 
Supply device further includes a detection signal delay 
circuit 24 in addition to the circuit structure shown in FIG. 
3, the detection signal delay circuit 24 receives a Zero cross 
detection signal from the Zero cross detecting circuit 21, 
delays the received signal by only predetermined time to 
generate a Zero cross delay signal, and outputs the delay 
signal to the pulse signal controller 22. The detection signal 
delay section 24 comprises a delay circuit including a 
capacitance and a resistance and using a charging tune 
constant, an IC having a timer function, a microprocessor or 
the like. 
The power supply device shown in FIG. 11 will be 

described below. The pulse signal control signal 12 receives 
a Zero cross signal delayed for a predetermined time from 
the Zero cross point obtained by the detection signal delay 
section 24, and then, outputs a pulse signal for turning on at 
least one of the Switching elements 4a and 4b for a prede 
termined time. 

FIG. 12 is a view showing a pulse signal and a principal 
waveform in the power supply device of this sixth embodi 
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ment. As shown in the example shown in FIG. 12 in the 
positive half period of the AC power supply 1, the switching 
element 4a is turned on in a portion of a latter-half phase of 
the half period by the pulse signal Pa, and in due negative 
half period of the AC power supply 1, the switching element 
4b is turned on in a portion of a latter-half phase of the half 
period by the pulse signal Pb. 
As seen from an input current waveform Iin shown in 

FIG. 12, the pulse signal is delayed, and thereby, in the 
latter-half phase portion of the input current, the pulse signal 
is outputted at the same timing as in the former half phase 
for each half period of the power supply voltage. Therefore, 
a charging current flows to the capacitors. 5a and 5b so as to 
widen a conduction period. 

In the power supply device of this sixth embodiment, by 
delaying the pulse signal from the Zero cross point of the AC 
power Supply 1 for a predetermined time, the input current 
can flow in an arbitrary phase interval of the half period 
Therefore, the power supply device has the following advan 
tages in particular. The pulse signal which is outputted in a 
period where no current primitively flows can greatly 
enlarge a conduction period to obtain high power factor. In 
addition, a noise is lowered, and a filter circuit is simplified, 
and further, a loss to the Switching means is lowed. 
Therefore, it is possible to provide a low-loss power supply 
device which has a simple construction. Further, by com 
bining the pulse signal control in the above embodiment can 
widen a conduction period. Thus, a power factor can be 
greatly improved and also a harmonic distortion can be 
restricted. 

Seventh Embodiment 

FIG. 13 is a circuit diagram showing a construction of 
power Supply device according to still another embodiment 
of the present invention. As shown in FIG. 13, the power 
Supply device further includes a Supply Voltage detecting 
circuit 25 for detecting a voltage of the AC power supply 1, 
in addition to, the circuit construction shown in FIG. 3, The 
Supply Voltage detecting circuit 25 is composed using a 
resistor, a transformer on requiring insulation or the like, and 
detects an alternating Voltage Vin or an output ripple Voltage 
Vin of the rectifier circuit 2. The power supply device of 
this seventh embodiment will be described below with 
reference to FIG. 13. 

The pulse signal controller 22 receives a value of the 
power Supply Voltage obtained from the Supply Voltage 
detecting circuit 25, and then, outputs a pulse signal for 
turning on at least one of the Switching elements 4a and 4b 
for a predetermined time in synchronous with the time when 
the power Supply Voltage value reaches a predetermined 
value. As a result, the pulse signal is outputted at the same 
timing every time for each half period of the AC power 
Supply 1, so that a conduction period can be accurately 
enlarged for each period of the AC power supply 1. 
Therefore, it is possible to obtain high power factor, and to 
accurately restrict a harmonic distortion. Whereby a power 
Supply device having a high reliability can be obtained, 

In the power supply device of this seventh embodiment, 
in place of the Zoo cross point detected by the Zero cross 
detecting circuit 31, a control for outputting a pulse signed 
is carried out cm the basis of the voltage value of the power 
Supply 1 obtained from the Supply Voltage detecting circuit 
25 which reaches a predetermined value. Thereby it is 
possible to get the same advantage as the above second to 
sixth embodiments. Usually, in the case where the voltage 
value of the AC power Supply 1 varies, and output Voltage 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
Vdc increases and decreases in accordance with an increase 
and decrease of the Voltage value. In the power Supply 
device of this embodiment, however, by comparing the 
voltage value of the AC power supply 1 with a predeter 
mined value, an output timing of the pulse signal automati 
cally changes when the power Supply Voltage varies. 
More specifically, since the output timing of the pulse 

signal is advanced when the power Supply Voltage increases, 
the Switching elements 4a and 4b become an on state when 
the power Supply Voltage is Smaller than usual. As a result, 
an energy stored in the reactor 3 or the capacitors. 5a and 5b 
decreases and the output Voltage Vdc decreases. Conversely, 
since the output timing of the pulse signal is delayed when 
the power Supply Voltage decreases, the Switching elements 
4a and 4b become an on state when the power Supply Voltage 
is larger than usual. As a result, since an energy stored to the 
reactor 3 or the capacitors 5a and 5b increases, the output 
Voltage Vdc increases. Therefore, in the power Supply 
device of this seventh embodiment in the case where a 
variation of power Supply Voltage is Small, an output Voltage 
can be kept Substantially constant, and the power Supply 
device has an advantage of being durable to a disturbance. 

Eighth Embodiment 
FIG. 14 is a circuit diagram showing a construction of a 

power Supply device according to still another embodiment 
of the present invention. As shown in FIG. 14, the power 
Supply device further includes a DC voltage detecting circuit 
26 for detecting a Voltage Vdc of the Smoothing capacitor 8. 
in addition to the circuit construction shown in FIG. 13. The 
DC voltage detecting circuit 26 is composed of a resistor or 
the like. An output of the DC voltage detecting circuit 26 is 
captured in a microprocessor with the use of an A/D con 
verter or the like. The DC voltage detecting circuit 26 may 
detect an output voltage of the power Supply device or an 
output voltage of the power factor correction circuit 7. FIG. 
15 is a view showing a pulse signal and a principal wave 
form in the power supply device of this eighth embodiment. 
A positive half period of the power Supply Voltage is 

divided into four (4) periods, and an operation of each period 
will be described below with reference to FIGS. 7, 14 and 
15. 

Period (2): The pulse signal controller 22 outputs a pulse 
signal for turning on either of the Switching elements 4a and 
4b until the voltage value Vin of the AC power supply 1 
becomes a value more than the Voltage Vdc of the Smoothing 
capacitor 8 in Synchronous with the Zero cross point of the 
voltage Vin of the AC power supply 1. In the example shown 
in FIG. 15, in a positive half period, a pulse signal Pa for 
turning on the Switching element 4a is outputted. At this 
time, a Voltage on the load side seen from the AC power 
supply 1 becomes equal to voltage Vb of the capacitor 5b 
and becomes a value of approximately /3 of the voltage Vdc 
of the smoothing capacitor 8. However, in this period, the 
power supply voltage Vin is lower than the voltage Vb of the 
capacitor 5b, and no current flows from the AC power 
supply 1 to the load side. 

Period (2): The power Supply Voltage Vin becomes larger 
than the voltage Vb of the capacitor 5b, and therefore a 
charging current to the capacitor 5b starts to flow along a 
current flowing path as shown in FIG. 7A. Then, the current 
increases while the pulse signal continues on. In this 
interval, the power Supply Voltage Vin increases, and then, 
becomes equal to the Voltage Vdc of he smoothing capacitor 
8. At this time, the switching element 4a becomes an off 
state. The above operation is carried out by the pulse signal 
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controller 22 which detects that the power supply voltage 
obtained from the supply voltage detecting circuit 25 is more 
than a DC voltage value obtained from the DC voltage 
detecting circuit 26, that is, the Voltage Vdc of the Smoothing 
capacitor 8. 5 

Period (3): Two switching elements 4a and 4b are both in 
an off state, and a Voltage on the load side seen from the AC 
power supply 1 becomes equal to the voltage Vdc of the 
Smoothing capacitor 8. At this time, the power, Supply 
voltage Vin is equal to the Vdc. Therefore, in order to charge 10 
the Smoothing capacitor 8 with an increase of the power 
Supply Voltage Vin, the input current Iin flows along a 
current flowing path shown in FIG. 7C. 

Period (4): The charge to the Smoothing capacitor 8 is 
completed and to this period, no current flows, and then, the 
power Supply device becomes a non-conductive state. 
As described above, the operation from the Period (D the 

Period (4) can make early a rise of the input current Iin as 
compared with the conventional cast. Therefore, a current 
waveform having a wide conduction period can be obtained, 
and also, in a switch-over point of the Period (2)and the 
Period (3), a smoother current waveform can be obtained 
without forming a sharp current waveform as shown in FIG. 
6 of the third embodiment. 

Moreover, in the negative half period of the AC power 
Supply 1, the pulse signal controller 22 outputs a pulse signal 
Pb for turning on the switching elements 4b until the voltage 
value Vin of the AC power supply 1 becomes a value more 
than the voltage Vdc of the smoothing capacitor 8. In this 
case, the same operation as the positive halfperiod is carried 
out, and thereby, a conduction period becomes wide, and it 
is possible to obtain a Smoother current waveform having no 
sharpness. 

Repeating the aforesaid operation for each period of the is 
AC power Supply 1 can enlarge a conduction period, and 
obtain a smoother current waveform having no sharpness. 
Therefore, a very high power factor can be obtained, and a 
harmonic distortion contained in the input current can be 
further reduced. 40 

Therefore, in the power supply device of this eighth 
embodiment, it is possible to enlarge a conduction period of 
input current by a very simple control of outputting one-time 
pulse signal in the half period of the power Supply Voltage. 
Further, it is possible to optimize the timing of Switching 45 
over the pulse signal from an on state to an off state, so that 
a sharpness of current waveform can be eliminated. As a 
result, a Smoother current waveform can be obtained, and 
also, a harmonic distortion contained in the input current can 
be greatly reduced. 50 

In addition, the power Supply device generates a low 
noise, and it is possible to simplify a filter circuit, and 
further, switching is one time in a half period of the AC 
power Supply 1. Therefore, a loss of the Switching elements 
4a and 4b can be reduced, and a low-loss power Supply 55 
device can be realized. Incidentally, the following concept of 
this eighth embodiment is applicable to the power Supply 
device shown in the first to seventh embodiments. The 
concept is to detect a voltage of the Smoothing capacitor 8. 
and compare the power supply voltage Vin with the detected 60 
Voltage Vdc of the Smoothing capacitor 8, and this, to 
control a timing of the pulse signal. 
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Ninth Embodiment 

FIG. 16 is a circuit diagram showing a construction of a 65 
power Supply device according to still another embodiment 
of the present invention. As shown in FIG. 16, the power 

16 
Supply device further includes a DC voltage detecting circuit 
26 for detecting a voltage Vdc of the smoothing capacitor 8 
and a load status detecting circuit 27 for detecting a mag 
nitude of load, to addition to the circuit construction shown 
in FIG. 3. The load status detecting circuit 27 determines a 
magnitude of load 9 based on the voltage Vdc of the 
smoothing capacitor 8 obtained from the DC voltage detect 
ing circuit 26, and a load current obtained by a load current 
detecting circuit 71 which includes a resistor or a current 
transformer. The pulse signal controller 22 reads each output 
from the load status detecting circuit 27 and the DC voltage 
detecting circuit 26, and then, generates and outputs a pulse 
signal for driving the Switching elements 4a and 4b. 
The power supply device of this tenth embodiment will be 

described below in detail. 
The pulse signal controller 22 changes a pulse width of a 

pulse signal for turning on the Switching elements 4a and 4b. 
in accordance with a magnitude of load obtained from the 
load status detecting circuit 27. For example, in the pulse 
width control carried out in the power supply device of the 
third embodiment, the pulse width may be changed in 
proportional to a magnitude of load obtained from the load 
status detecting circuit 27. Further, a pulse width capable of 
maximizing a power factor or efficiency is preset based on 
a magnitude of a predetermined load. Then, a pulse signal 
having the preset predetermined pulse width may be out 
putted in accordance with a magnitude of the detected load. 
Furthermore, in the power supply device of the fourth 
embodiment, a pulse width is preset so that an output voltage 
is set to a predetermined value in accordance with a mag 
nitude of load, and then, a pulse signal having the preset 
predetermined pulse width may be outputted in accordance 
with a magnitude of the detected load. In particular, the pulse 
signal controller 22 detects the voltage Vdc value of the 
Smoothing capacitor 8 from the DC voltage detecting circuit 
26, and thereby, it is confirmed whether a predetermined 
Voltage is obtained, so that an output Voltage can be more 
securely controlled. 
The power supply device of this ninth embodiment can be 

combined with the power supply device shown in the above 
embodiments, and thereby the same advantage as the above 
invention can be obtained in all loads. Therefore, in the 
power supply device of this embodiment, a pulse width is 
changed in proportion to a magnitude of load. Thereby, it is 
possible to simplify a control, and to obtain a sufficiently 
high power factor in all loads. Thus it is possible to restrict 
a harmonic wave in all load by a simple control. Moreover, 
a pulse width capable of maximizing a power factor or 
efficiency is preset in accordance with a magnitude of a 
predetermined load, and then a pulse signal having the preset 
predetermined pulse width is outputted in accordance with a 
magnitude of the detected load Thus, it is possible to greatly 
improve a power factor or efficiency in all loads. Thus, a 
harmonic distortion can be greatly reduced. In addition, the 
harmonic can be restricted and a low-loss power Supply 
device can be realized. Further, a pulse width is preset so that 
an output Voltage is set to a predetermined value in accor 
dance with a magnitude of load, and then, a pulse signal 
having the preset predetermined pulse width is outputted in 
accordance with a magnitude of the detected load, and 
thereby, it is possible to obtain an arbitrary output voltage to 
all range of the load. Thus it is possible to restrict a harmonic 
distortion, and to realize high power. 

In this ninth embodiment, the load status detecting circuit 
27 computes the Voltage of the Smoothing capacitor 8 
obtained from the DC voltage detecting circuit 26, and a 
magnitude of load from a load current obtained from the 
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load current detecting circuit 71 comprising a resistor or a 
current transformer. In the power supply device of the 
present invention, a load detecting method is not limited to 
the above method, and it can determine a load status from an 
output Voltage, an output current, an input current and a 
current flowing through the Switching means, as the detect 
ing method. Further, combination of the aforesaid param 
eters can be used to detect a load. 

Tenth Embodiment 

FIG. 17 is a circuit diagram showing a construction of a 
power Supply device according to still another embodiment 
of the present invention. The power supply device shown in 
FIG. 17 is different from the power supply device of the 
above ninth embodiment in that the pulse signal controller 
22 outputs a pulse signal on the basis of only detection signal 
from the load status detecting circuit 27. 
The power supply device shown in FIG. 17 will be 

described below in detail. The pulse signal controller 22 
selects a pulse signal for turning on the Switching elements 
4a and 4b from any of pulse signal output patterns in the 
power supply devices shown in the above first to ninth 
embodiments in accordance with a magnitude of load 
obtained from the load status detecting circuit 27, and then, 
outputs it. 

FIGS. 18A and 18B are views showing a pulse signal 
outputted by the pulse signal controller 22 and its principal 
waveform in the power supply device of this tenth embodi 
ment. In FIGS 18A and 18B, “Pa1 and “Pa2” show a pulse 
signal for driving the switching element 4a, and “Pb1 and 
“Pb2 show a pulse signal for driving the switching element 
4b. 

In FIG. 17, in the case where a magnitude W of load 
detected by the load status detecting circuit 27 is equal to or 
less than a predetermined value Y1, a pulse signal of the 
output pattern shown in the third embodiment is outputted. 
On the other hand, in the case where the magnitude W of 
load is equal to or more than a predetermined value Y1, a 
pulse signal of the output pattern shown in the fourth 
embodiment is outputted. 
More specifically, in the case of Wis Y1, the pulse signal 

controller 22 outputs a pulse signal Pa1 and Pb1 as shown 
in FIG. 18A. In the case of WeY1, the pulse signal 
controller 22 outputs a pulse signal Pa2 and Pb2 as shown 
in FIG. 18B. 

Thus, in a region where the load W is equal to or less than 
a predetermined value Y1 (Ws Y1), high power factor is 
obtained, and an output Voltage can be kept Substantially 
constant that is, to a voltage obtained by full wave rectifi 
cation. Moreover, in a region where the load W is equal to 
or more than a predetermined value Y1, it is possible to 
obtain high power factor, and an output voltage having a 
Voltage value larger than a Voltage obtained by Voltage 
doubler rectification. As a result, an output Voltage can be 
changed in accordance with a magnitude of the load. 

In a region of WeY1, as shown in the ninth embodiment, 
widening a pulse width in proportion to the magnitude W of 
load can gradually change the output Voltage from a voltage 
obtained by full wave rectification to a voltage value lager 
than a voltage obtained by voltage doubler rectification. 

Moreover, in another predetermined value Y2 may be 
preset and the pulse signals may be both turned off when the 
magnitude of load is equal to or less than Y2. More 
specifically, in the case of Wis Y2, the pulse signal controller 
22 outputs no pulse signal. On the other hand, in the case of 
Y2s Wis Y1, the pulse signal controller 22 outputs the pulse 
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signals Pa1 and Pb1 as shown in FIG. 18A.. Further, in the 
case of WeY1, the pulse signal controller 22 outputs the 
pulse signals Pat and Pb2 as shown in FIG. 18B. 

Thus, in this embodiment, in the region where the mag 
nitude W of load is equal to or less than Y2, there is no 
current flow (conduction) to the Switching elements 4a and 
4b. Therefore, it is possible to reduce a loss in the switching 
element and realize a low-loss power Supply device. 

Therefore, in the power supply device of this tenth 
embodiment, the magnitude W of load is compared with a 
predetermined value, and a pulse signal to the outputted is 
changed in accordance with the magnitude of the load. 
Thereby, it is possible to obtain high power factor in a whole 
range of the loud, and to restrict a harmonic distortion. 
Further in output voltage is changed in accordance with the 
magnitude of load. Moreover, the pulse signal is turned off 
in a low load area, and thereby, a loss can be further reduced. 
As a result, with respect to a load whose magnitude varies, 

it is possible to restrict a harmonic distortion in all variable 
range of the load and vary an output voltage to realize high 
power. 

The circuit construction and control of the power Supply 
device are simplified. Therefore, a Switching noise becomes 
Small, and a filter circuit is simplified, and further a toss in 
the Switching means becomes Small. Thus a low-loss power 
Supply device can be provided. 

Combination of the pulse signal output pattern of the 
power supply device of this tenth embodiment may be used 
in the power supply devices shown in the first to ninth 
embodiments. 

In this tenth embodiment, the load status detecting circuit 
27 determines a magnitude of load, the voltage of the 
smoothing capacitor 8 obtained from the DC voltage detect 
ing circuit 26, and a load current obtained from the load 
current detecting circuit 71. In the power supply device of 
the present invention, a load detecting method is not limited 
to the above method, for example, it is possible to determine 
a load from an output voltage, an output current, an input 
current of the power Supply device, a current flowing 
through the Switching element, pulse width or the combi 
nation thereof to detect the brad. 

Eleventh Embodiment 

FIG. 19 is a circuit diagram showing a construction of a 
power Supply device according to still another embodiment 
of the present invention. As shown in FIG. 19, the power 
Supply device includes an inverter 10 and a load status 
detecting circuit 27, in addition to the circuit configuration 
shown in FIG. 3. The inverter 10 is composed of a plurality 
of semiconductor elements, and the semiconductor elements 
are Switched over according to a high frequency. Thereby, a 
substantially DC voltage Vdc of the both terminals of the 
Smoothing capacitor 8 is converted into an AC voltage of a 
variable voltage/variable frequency. Self arc-extinguishable 
semiconductors such as a power transistor, a power 
MOSFET, IGBT are used as the semiconductor element, like 
the switching elements of the power factor correction circuit 
7. The AC voltage of variable voltage/variable frequency 
outputted by the inverter 10 is supplied to a motor 11 so that 
the motor 11 is driven at a variable speed. A DC brushless 
motor is used as the motor 11. 

Moreover, the load status detecting circuit 27 is composed 
of an inverter controller 30, an inverter driver 31 and a 
position detecting circuit 32. The position detecting circuit 
32 detects a rotor position of the motor 11, that is, the DC 
brushless motor, and outputs a positional detection signal. 
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The position detecting circuit 32 comprises a Hall sensor, an 
encoder or the like. The inverter controller 30 generates and 
outputs a control signal for driving the inverter 10 on the 
basis of the positional detection signal from the position 
detecting circuit 32, and comprises a microprocessor or the 
like. The inverter driver 31 drives the semiconductor ele 
ment of the inverter 10 on the basis of the control signal 
generated and outputted by the inverter controller 30. 
The pulse signal controller 22 generates and outputs a 

pulse signal for driving the Switching elements 4a and 4b. 
and also, in this eleventh embodiment, reads a load State 
detected by the inverter controller 30 which is one of 
components of the load Status detecting circuit 27. 
The power supply device shown in FIG. 19 will be 

described below in detail the inverter controller 30 receives 
an external speed command signal and a positional detection 
signal from the position detecting circuit 32, and generates 
a control signal for driving the inverter 10 in order to control 
the motor to a predetermined speed. 

To give act example of the motor 11 which is driven at a 
variable speed by the inverter 10, there is a motor for 
compressor used in an air conditioner. In the motor for 
compressor, a load torque increases in accordance with a 
magnitude of speed, and a counter electromotive Voltage 
generated in a motor winding increases. Therefore a Voltage 
and a current applied to the motor 11 become large, and an 
output power increases. With an increase of output power, an 
input power and an input current by the AC power Supply are 
also increased. 

On the other hand, in the power factor correction circuit 
7, in order to improve a power factor of input current, the 
pulse signal controller 22 outputs a pulse signal for driving 
the switching elements 4a and 4b. However, a power factor 
or efficiency of the power Supply device depends greatly on 
a pulse width of the pulse signal. Therefore, in order to 
maximize the power factor or efficiency, there is a need of 
outputting a pulse signal having an optimum pulse width. 
The optimum pulse width differs depending upon a magni 
tude of load, a circuit constant or the like. 

In an all load variable range of the motor 11, in order to 
obtain the maximum power factor or efficiency, it is impor 
tant to control a pulse width of the pulse signal in accordance 
with a magnitude of load. In this embodiment, the following 
method is used as a method for detecting a magnitude of 
load. In the method, a computation is carried out based on 
a speed of the motor 11 obtained from a detection interval of 
die positional detection signal outputted by the position 
detecting circuit 32. 

For example, a pulse width capable of maximizing a 
power factor or efficiency is preset with respect to a speed 
of the motor 11. Then, the pulse signal controller 22 may 
output a pulse signal having a preset predetermined pulse 
width in accordance with the detected speed of the motor 11. 
Moreover, when the optimum pulse width is proportional 
substantially to a speed of the motor 11, as shown in FIG. 20. 
the pulse signal controller 22 may control a pulse width of 
the pulse signal in proportion to the detected speed of the 
motor 11. 

In the power supply device of this embodiment, the 
magnitude of load is computed based on the speed of the 
motor 11, and a pulse width capable of maximizing a power 
factor or efficiency is preset with respect to the speed of the 
motor 11, and further, a predetermined pulse signal is 
outputted in accordance with the speed of the motor 11. 
Therefore, it is possible to obtain a sufficient power factor or 
efficiency in all operating ranges of the motor 11. Whereby 
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it is possible to sufficiently reduce a harmonic distortion 
contained in an input current in all operating ranges of the 
motor 11, and to realize a low-loss power supply device for 
driving a motor. In addition, a Switching noise can be Small, 
and it is possible to restrict an increase of loss in a filter 
circuit and the Switching elements 4a and 4b. 

Moreover, when the optimum pulse width is proportional 
substantially to a speed of the motor 11, the pulse width of 
the pulse signal is controlled in proportion to the detected 
speed of the motor 11. Therefore, likewise, it is possible to 
obtain a Sufficient power factor or efficiency in all operating 
ranges of the motor 11. In this case, since the pulse width of 
the pulse signal is represented as a linear expression to the 
speed of the motor 11, a pulse width control can be further 
simplified. Therefore in all operating ranges of the motor 11, 
it is possible to sufficiently reduce a harmonic distortion 
contained to an input current by a simple control, and to 
realize a low-loss power Supply device for driving a motor. 

Twelfth Embodiment 

A power Supply device according to still another embodi 
ment of the present invention will be described below with 
reference to FIG. 19, FIG. 21, FIG. 22 and FIG. 23. 

In this twelfth embodiment, a magnitude of load of the 
motor 11 is detected on the basis of a magnitude of an input 
current of the AC power supply 1. The magnitude of the 
input current increases in accordance with the magnitude of 
load of the motor 11, the input current is detected by an input 
current detecting circuit (not shown) Such as a resistor and 
a current transformer provided on a current flowing path. In 
the following description, an Operation mode by the pulse 
signal shown in the third embodiment is referred to as “full 
wave rectification mode’. and an operation mode by the 
pulse signal shown in the fourth embodiment is referred to 
as “voltage doubler rectification mode'. 

In FIG. 21, after the motor 11 starts up, the pulse signal 
controller 22 of the power factor correction circuit 7 curies 
out a power factor correction in the full wave rectification 
mode. In this case, for example, a Voltage of the AC power 
supply 1 is 200V, the voltage Vdc of the smoothing capacitor 
8 becomes about 28OV. 

When the load of the motor 11 increases, the input current 
also increases. The pulse signal controller 22 controls a 
pulse width of the pulse signal in accordance with a mag 
nitude of the load, that is, a magnitude of the input current 
So as to maximize a power factor or efficiency. In this 
interval, in order to control the motor to a predetermined 
speed on the basis of a speed command signal from the 
external. The inverter controller 30 carves out an inverter 
PWM (Pulse Width Modulation) control for controlling the 
motor 11 to a predetermined speed. That is, the inverter 
controller 30 controls a pulse duty of a high frequency pulse 
signal for driving each semiconductor element of the 
inverter 10 to adjust a voltage applied to the motor 11. 

Then, with an increase of the load, when the pulse duty of 
the high frequency pulse signal outputted by the inverter 
controller 30 reaches a predetermined value, for example, 
100%, a voltage supply to the motor 11 becomes saturated, 
and the speed of the motor is not increased any more. 
Therefore, in order to further supply a high voltage to 
improve the speed of the motor 11, it needs to increase an 
output voltage of the power factor correction circuit 7, that 
is, the voltage Vdc of the smoothing capacitor 8. After that, 
the voltage Vdc of the smoothing capacitor 8 is controlled by 
a pulse signal control by the power factor correction circuit 
7 by the pulse signal controller 22 so that a voltage applied 
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to the motor is adjusted, and thereby, an inverter PAM (Pulse 
Amplitude Modulation) control for controlling the motor 11 
to a predetermined speed is carried out, 

Next, another control method in this embodiment will be 
described below with reference to FIG. 22. In FIG. 22, after 
the Motor 11 starts up, the pulse signal controller 22 of the 
power factor correction circuit 7 carries out a power factor 
correction in the full wave rectification mode. In this case, 
for example, when a Voltage of the AC power Supply 1 is 
100V, the voltage Vdc of the smoothing capacitor 8 becomes 
about 140V. 

When the load of the motor 11 increases, the input current 
also increases. The pulse signal controller 22 controls a 
pulse width of the pulse signal in accordance with a mag 
nitude of the load, that is, a magnitude of the input current 
to maximize a power factor or efficiency. In this interval, the 
inverter controller 30 carries out the inverter PWM control 
for controlling the motor 11 to a predetermined speed on the 
basis of the speed command signal from the external. 

Then, with an increase of the load, when the pulse duty of 
the inverter 10 reaches a predetermined value, for example, 
100%, a voltage supply to the motor 11 becomes a saturated 
state, and the speed of the motor is not increased any more. 
Whereupon the voltage Vdc of the smoothing capacitor 8 is 
controlled according to a pulse signal control by the power 
factor correction circuit 7 controlled by the pulse signal 
controller 22 so that a Voltage applied to the motor is 
adjusted, and thereby, the inverter PAM control for control 
ling the motor 11 to a predetermined speed is carried out. 

However, when the voltage value of the AC power supply 
1 is 100V, in the full wave rectification mode, there is the 
limit in a control range of the output Voltage Vdc, that is, in 
a supply to the motor 11. Therefore it is impossible to 
sufficiently accelerate the speed of the motor. So, the pulse 
signal controller Switches over the pulse signal to be out 
putted from the full wave rectification mode to the voltage 
doubler rectification mode, and thereby a greater Voltage 
boos effect can be obtained. In this voltage doubler rectifi 
cation mode, the output voltage Vdc is controlled by a pulse 
width of two pulse signals outputted by two Switching 
elements 4a and 4b of the power factor correction circuit 7. 
A great voltage boost effect to the voltage doubler rectifi 
cation mode can provide the same output Voltage Vdc in 
input of 100V as output voltage to the input of 200V. Thus 
the inverter PAM control can be performed in a wider range. 

The switch-over from the full wave rectification mode to 
the voltage doubler rectification mode may not be always 
carried out at the point at which the pulse duty of the high 
frequency pulse signal outputted by the inverter controller 
30 reaches 100%. As shown in FIG. 23, a switchover of the 
mode may be after and before the point at which the pulse 
duty ratio reaches 100%. 

Moreover, a hysteresis is provided at the switchover point 
from the full wave rectification mode to the voltage doubler 
rectification mode. Thus it is possible to prevent a mode 
change from being complicated carried out due to an 
unstable operation in the vicinity of the switchover point of 
mode. 

In the power supply device of this embodiment, in addi 
tion to power factor correction in the full wave rectification 
mode by the pulse signal controller 22, the speed of the 
motor 1 is controlled by the inverter PWM control in a 
region where a load acting on the motor 11 is Small, and is 
controlled by the inverter PAM control in a region, where the 
load is large. Therefore, a sufficient power factor is obtained 
in all operating ranges of the motor 11, and in particular, it 
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is possible to restrict a switching loss in an inverter PAM 
control region. It is therefore possible to realize a low-loss 
inverter 10 and motor 11. In addition, the output voltage Vdc 
can be improved. 
Whereby it is possible to sufficiently restrict a harmonic 

distortion of the input current in all operating ranges of the 
motor 11, and to realize a power Supply device which can 
drive the motor 11 having high efficiency and high power. In 
addition, a Switching noise can be Small, and it is possible to 
restrict an increase of loss in a filter circuit and the Switching 
elements 4a and 4b with a simple control. 

Moreover, in a region where a load acting on the motor 11 
is small, power factor correction by the full wave rectifica 
tion mode and a speed control of the motor 11 by the inverter 
PWM control are carried out. In a region where the load is 
large, power factor correction by the Voltage double recti 
fication mode and a speed control of the motor 11 by the 
inverter PAM control are carried out. Therefore, a sufficient 
power factor is obtained in all operating ranges of the motor 
11, and the inverter PAM control is carved out in a wide 
range by a voltage boost effect of the voltage doubler 
rectification mode. Consequently, it is possible to depress an 
increase in switching loss of the inverter 10 and the motor 
11, and to greatly improve the output voltage Vdc. 
Whereby it is possible to realize a power supply device 

which can sufficiently restrict a harmonic distortion of the 
input current in ail operating ranges of the motor 11, and can 
drive the motor 11 having high efficiency and high power in 
a wide range. In addition, a Switching noise becomes Small, 
and it is possible to restrict an increase of loss in a filter 
circuit and the Switching elements 4a and 4b with a simple 
control. 

In this twelfth embodiment, a pattern of the pulse signal 
outputted by the pulse signal controller 22 is not limited to 
one in this embodiment. The output pattern may be selected 
from the arbitrary combination of patterns of above embodi 
ments as required. Moreover, in the above eleventh and 
twelfth embodiments, the motor 11 uses the DC brushless 
motor. The motor used in the power supply device of the 
present invention is not limited to the DC brushless motor, 
and the same effect can be obtained in other motors such as 
an induction motor or the like. The load status detecting 
circuit 27 is not limited to the construction shown in FIG. 19. 
In the above eleventh and twelfth embodiments, the speed of 
the motor 11 and a magnitude of the input current of the AC 
power Supply 1 have been used in a method of detecting the 
load Status. The parameters such as an output pulse duty of 
the inverter 10, an output frequency, an output current value, 
a voltage and current applied to the motor 11, may be used. 
In addition, combination of these parameters may be used to 
detect a magnitude of load. The same elect can be obtained. 

Thirteenth Embodiment 

A power Supply device according to still another embodi 
ment of the present invention will be described below with 
reference to FIG. 24. The power supply device of this 
embodiment includes a power Supply Voltage determining 
circuit 25, in addition to the circuit construction shown in 
FIG. 23. The pulse signal controller 22 generates and outputs 
a pulse signal for driving the Switching elements 4a and 4b. 
and in this embodiment, reads a Voltage of the AC power 
Supply 1 detected by the power Supply Voltage determining 
circuit 25 and a load status detected by the inverter controller 
30 which is one component of the toad status detecting 
circuit 27. 
The power supply device shown in FIG. 24 will be 

described below in detail. The power supply voltage, deter 
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mining mining circuit 25 detects a Voltage of the AC power 
Supply 1 from a ripple Voltage which is an output of the 
rectifier circuit 2 and compares the detected voltage with a 
predetermined value. When the detected voltage value is 
determined to be 200V by the comparison, a control suitable 
for the operation with the supply voltage of 200V is carried 
out That is, the pulse signal controller 22 controls the pulse 
signal to improve a power factor in the full wave rectifica 
tion mode as shown in FIG. 21. The inverter controller 30 
carves out the inverter PWM control in low and intermediate 
load regions and carries out the inverter PAM control in a 
high load region. Thus, a speed of the motor 11 can be 
controlled. 

When the voltage determined by the power supply voltage 
determining circuit 25 is 100V, a control suitable for the 
operation with supply voltage of 100V is carried out. As 
shown in FIG.22 or 23, in a low load region, the pulse signal 
controller 22 controls output pulse signal so as to improve a 
power factor in the full wave rectification mode, and the 
inverter controller 30 carries out the inverter PWM control. 
In intermediate and high load regions, the pulse signal 
controller 22 carries out a power factor correction in the 
voltage doubler rectification mode, and the inverter control 
ler 30 carries out the inverter PAM control. 

In the power supply device of this embodiment, the 
control method of the power factor correction circuit and 
inverter 10 is switched in accordance with the voltage of the 
AC power supply 1 detected by the supply voltage deter 
mining circuit 25". Therefore, it is possible to obtain a 
Sufficient power factor in all operating ranges regardless of 
the voltage value of the AC power supply 1. In addition, it 
is possible to reduce a loss, and to improve the output 
voltage Vdc. 

Thus, even in the case where the voltage value of the AC 
power supply 1 is 100V or 200V. it is possible to realize a 
power Supply device in a same circuit configuration for the 
power supply of 100V or 200V which can sufficiently 
restrict a harmonic distortion in all operating ranges of the 
motor 11 and can drive the motor 11 in high efficiency with 
high power. In addition, a Switching noise can be small, and 
it is possible to restrict an increase of loss in a filter circuit 
and the Switching elements 4a and 4b with a simple control. 

In this embodiment, the control method shown in FIG. 22 
or 23 has been employed in the case where the voltage value 
of the AC power supply 1 is 100V. and the control method 
shown in FIG. 21 has been employed when the voltage of the 
AC power supply 1 is 200V Other control methods however 
may be combined to be used. 

Fourteenth Embodiment 

A power Supply device according to still another embodi 
ment of the present invention will be described below with 
reference to FIG. 5. The power supply device of this 
embodiment further includes a power-supply frequency 
detecting circuit 28 for detecting a frequency of the AC 
power Supply 1 to output a frequency detection signal, in 
addition to the circuit construction shown in FIG. 3. The 
pulse signal controller 22 generates and outputs a pulse 
signal for driving the Switching elements 4a and 4b, and 
also, reads the frequency detection signal from the power 
Supply frequency detecting circuit 28. 
The power supply device shown in FIG. 25 will be 

described below in detail. In the case where the AC power 
Supply 1 is a commercial power Supply, its frequency is 
either 50 Hz or 60 Hz. Time lengths of one period in these 
frequency are different each other. Therefore, even if a 
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magnitude of the load 9 is the same, an optimum pulse width 
capable of maximizing a power factor or efficiency is 
different in each frequency. 

Thus, in order that the power supply device obtains a 
sufficient power factor or efficiency regardless of the fre 
quency of the AC power Supply 1, the pulse signal controller 
22 must output a pulse signal having the optimum pulse 
width corresponding to each frequency. 

In the power supply device of this embodiment, as shown 
in FIG. 26, an optimum pulse width capable of maximizing 
a power factor or efficiency is preset for each frequency of 
the AC power supply 1. The pulse signal controller 22 
receives the frequency detection signal of the AC power 
Supply 1 detected by the power-supply frequency detecting 
circuit 28, and then, outputs the optimum pulse signal in the 
previously set pulse signals which corresponds to the 
detected frequency. Or a reference frequency is preset, and 
in optimum pulse signal corresponds to the reference fre 
quency is preset. Then, in the case where the frequency 
detected by the power-supply frequency detecting circuit 28 
is different from the reference frequency, the pulse signal 
corresponding to the preset reference frequency is computed 
based on a predetermined ratio, and thereby, a brief optimum 
pulse signal is obtained. For example, in the case where the 
reference frequency is 60 Hz and a frequency detected by the 
power-supply frequency detecting circuit 28 is 50 Hz, a 
preset pulse signal is computed on the basis of a predeter 
mined ratio (e.g., 60 Hz/50 Hz=1.2 times) to obtain an 
optimum pulse signal to 50 Hz, and then, the pulse signal is 
then outputted. 

In the power Supply device of this embodiment, a pulse 
width capable of optimizing a power factor or efficiency is 
preset for each frequency of the AC power supply 1, and the 
pulse signal controller 2 outputs a pulse signal having an 
optimum pulse width corresponding to each detected fre 
quency. Therefore, it is possible to obtain a sufficient power 
factor or efficiency regardless of a frequency of the AC 
power supply 1. Whereby it is possible to sufficiently restrict 
a harmonic distortion of the input current without perform 
ing setting and modification in accordance with a frequency 
of the AC power supply 1. 

Moreover, an optimum pulse signal corresponding to a 
reference frequency is preset, and when the detected fre 
quency is different from the reference frequency, the pulse 
signal controller 22 outputs a pulse signal which is com 
puted with respect to a preset reference pulse signal at a 
predetermined ratio. Therefore, it is possible to obtain a 
sufficient power factor or efficiency regardless of a fre 
quency of the AC power supply 1. Whereby it is possible to 
obtain a sufficient power factor or efficiency regardless of a 
frequency of the AC power Supply 1 without setting pulse 
signals for all frequencies. 

In this embodiment, not only the optimum pulse signal is 
preset in accordance with a magnitude of load, but also a 
pulse width of the pulse signal is varied in proportion to the 
magnitude of load. Thus, it is possible to readily carry out a 
pulse control in accordance with a frequency of the AC 
power supply 1. Further, in this embodiment, the power 
Supply frequency detecting circuit 28 is provided. A fre 
quency of the AC power Supply 1 however may be computed 
based on a detection interval of the Zero cross detection 
signal outputted by the Zero cross detecting circuit 21. The 
same advantage can be obtained as one in the other embodi 
mentS. 

Fifteenth Embodiment 

FIG. 27 shows one example of an air conditioner to which 
any of the power Supply devices of the present invention is 
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applied. As shown in FIG. 27, the air conditioner uses the 
power Supply device shown in the first embodiment as a 
converter. The air conditioner includes an inverter 81, a 
power-driven compressor 82 and a refrigeration cycle. The 
refrigeration cycle comprises an indoor unit 92, an outdoor 
unit 95 and a four-way valve 91. The indoor unit 92 
comprises an indoor beat exchanger93 and an indoor fan 94. 
The outdoor unit 95 comprises an outdoor heat exchanger96 
an outdoor fan 97 and the expansion valve 98. A refrigerant 
which carries a heat circulates through the refrigeration 
cycle. The refrigerant is compressed by the power-driven 
compressor 82 and then makes a heat exchange with an 
outdoor air supplied from the outdoor fan 97 by the outdoor 
heat exchanger 96, and further makes a heat exchange with 
an indoor air supplied from the indoor fan 97 by the indoor 
heat exchanger93. Room cooling a heating is performed by 
an air after heat exchanger by the indoor heat exchanger 93. 
A Switchover of cooling or heating is carved out by inverting 
a circulating direction of the refrigerant by the four-way 
valve 91. The circulation of refrigerant in the refrigeration 
cycle is performed by driving the compressor 82 by the 
inverter 81, and a supply of power to these inverter 81 and 
the compressor 82 is carried out using the power Supply 
device of the first embodiment which functions as a con 
verter. The construction and operation of the power Supply 
device are as described before. 

With the above construction, it is possible to restrict a 
harmonic distortion of an input current in an air conditioner. 
Further, it possible to provide a low-loss air conditioner 
having a small Switching noise. 

In this fifteenth embodiment, the power supply device of 
the first embodiment has been used as a converter. Even in 
the case where other power supply devices of the second to 
fourteenth embodiments are used, it is possible to provide an 
air conditioner having an effect of each power Supply device. 

For example, in the power supply device of the present 
invention, even if the AC power supply 1 provides 200V, as 
shown in the third embodiment, a harmonic distortion can be 
restricted, and a small-size reactor 3 can be realized. 
Therefore, it is possible to use the same reactor 3 as that used 
in the input of 100V. 
As shown in the fourth embodiment, even if the AC power 

supply 1 is 100V, it is possible to obtain an output voltage 
higher than a voltage obtained by the voltage doubler 
rectification in addition to the restriction of harmonic. 
Therefore, even in the case of the input of 100V. it is possible 
to obtain the same output voltage as the input of 200V 
without providing the voltage double rectifier circuit. 
Further, as shown in the ninth to twelfth embodiments, a 
pulse width and tire control method of pulse signal are 
modified in accordance with a magnitude of load. Therefore, 
it is possible to obtain an optimum output voltage, power 
factor and efficiency in all load ranges. 
The power supply device of this embodiment is applicable 

to any of 100V type and 200V type air conditioners and can 
restrict a harmonic distortion contained in an input current 
by the high power factor. Further, the power supply device 
has the following advantages. More specifically, the circuit 
construction and components can be used in common, and 
the number of processes and components can be greatly 
reduced. 

In the power supply devices shown in the above first to 
fifteenth embodiments, the same advantages are provided as 
this embodiment by a circuit construction as shown in FIG. 
28 of modifying a value of the capacitor 5a and 5b and 
omitting the smoothing capacitor 8. FIG. 29 shows a current 
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flowing path in the circuit construction shown in FIG. 28. 
Further, in the power supply devices shown in the first to 
eleventh embodiments, the reactor 3 has been connected to 
a ripple output side of the rectifier circuit 2. As shown in 
FIG. 30, even in the case where the reactor 3 is connected 
to an AC input side of the rectifier circuit 2, the same 
advantages can be obtained. 

Although the present invention has been described in 
connection with specified embodiments thereof, many other 
modifications, corrections and applications are apparent to 
those skilled in the art. Therefore, the present invention is 
not limited by the disclosure provided herein but limited 
only to the scope of the appended claims. 

It also should be noted that this application is based on 
application No. 11-10155 filed in Japan, the contents of 
which is incorporated herein by reference. 
What is claimed is: 
1. A power supply device comprising: 

(a) a rectifier unit for rectifying an output voltage of an 
AC power supply to convert the voltage into a DC 
Voltage; 

(b) a reactor connected to the rectifier unit (c) a power 
factor correction unit for inputting an output voltage of 
the rectifier unit via the reactor, the power factor 
correction unit including a Switching circuit comprising 
a plurality of Switching elements connected in series 
and turning on or off to change a current path in the 
power factor correction unit, a capacitor circuit com 
prising a plurality of capacitors connected in series, and 
a reverse-current blocking rectifier element for prevent 
ing the charge in the capacitors from flowing reversely 
when the Switching circuit turns on, the Switching 
circuit and the capacitor circuit being arranged in 
parallel, at least one of connection nodes between the 
Switching elements being connected to one connection 
node between the capacitors, ends of the Switching 
circuit being connected to ends of the capacitor circuit 
via the reverse-current blocking rectifier element; 

(d) a pulse signal controller for generating and outputting 
a pulse signal to stun on and off each Switching element 
of the power factor correction unit; and 

(e) a Switching driver for receiving the pulse signal to 
drive the switching circuit of the power factor correc 
tion unit based on the received pulse signal. 

2. A power supply device comprising: 
(a) a rectifier unit for rectifying an output voltage of an 
AC power supply to convert the voltage into a DC 
Voltage; 

(b) a reactor connected to the rectifier unit; 
(c) a power factor correction taut for inputting an output 

voltage of the rectifier unit via the reactor, the power 
factor correction unit including a Switching circuit 
comprising a plurality of Switching elements connected 
in series and turning on or off to change a current path 
in the power factor correction unit a capacitor circuit 
comprising a plurality of capacitors connected in series, 
and a reverse-current blocking rectifier element for 
preventing the charge in the capacitors from flowing 
reversely when the Switching circuit turns on, the 
Switching circuit and the capacitor circuit being 
arranged in parallel, at least one of connection nodes 
between the Switching elements being connected to one 
connection node between the capacitors, ends of the 
Switching circuit being connected to ends of the capaci 
tor circuit via the reverse-current blocking rectifier 
element; 
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(d) a pulse signal controller for generating and outputting 
a pulse signal to turn on and off each Switching element 
of the power factor correction unit, the pulse signal 
controller outputting a pulse signal to turn on at least 
one of the plurality of switching elements of the power 
factor correction unit for a predetermined time in a half 
period of the AC power supply; and 

(e) a Switching driver for receiving the pulse signal to 
drive the switching circuit of the power factor correc 
tion unit based on the received pulse signal. 

3. The power supply device according to claim 2, further 
comprising a Zero cross detecting unit for detecting a Zero 
cross point of the power Supply Voltage to output a Zero 
cross detection signal, wherein the pulse signal controller 
outputs a pulse signal for turning on the Switching circuit of 
the power factor correction unit for a predetermined time 
based on the Zero cross detection signal from the Zero cross 
detecting unit. 

4. The power supply device according to claim 2, 
wherein the pulse signal controller generates a pulse signal 
for turning on each Switching element of the power factor 
correction unit for a predetermined time, and Switches over 
an output pattern of the pulse signal for each half period of 
the AC power supply voltage. 

5. The power supply device according to claim 2, 
wherein the pulse signal controller generates a pulse signal 
for turning on only one of Switching elements of the power 
factor correction unit for a predetermined time, and Switches 
over an output pattern of the pulse signal for each half period 
of the AC power supply voltage. 

6. The power supply device according to claim 2, 
wherein the pulse signal controller generates a pulse, signal 
for turning on the plurality of Switching elements of the 
power factor correction unit for different predetermined 
time, and Switches over an output pattern of the pulse signal 
for each half period of the AC power supply voltage. 

7. The power supply device according to claim 2, 
wherein the pulse signal controller generates a pulse signal 
for simultaneously turning on all Switching elements of the 
power factor correction unit for a predetermined time, and 
outputs the pulse signal for each half period of the AC power 
Supply voltage. 

8. The power supply device according to claim 2, further 
comprising a Zero cross detecting unit for detecting a Zero 
cross point of the power Supply Voltage to output a Zero 
cross detection signal, and a detection signal delay unit for 
receiving the Zero cross signal from the Zero cross detecting 
unit to output a Zero cross delay signal from a predetermined 
time elapses, wherein the pulse signal controller receives the 
Zero cross delay signal from the detection pulse delay unit, 
and then outputs a pulse signal for turning on at least one of 
the switching elements of the power factor correction unit 
for a predetermined time. 

9. The power supply device according to claim 2 further 
comprising a power Supply Voltage detecting unit for detect 
ing a Voltage of the AC power Supply, wherein when a 
Voltage detected by the power Supply Voltage detecting unit 
becomes equal to or more than a predetermined value, the 
pulse signal controller outputs a pulse signal for turning on 
at least one of the switching elements of the power factor 
correction wit for a predetermined time. 

10. The power supply device according to claim 2 further 
comprising a power Supply Voltage detecting unit for detect 
ing a Voltage of the AC power Supply, and a DC voltage 
detecting unit for detecting a output Voltage of the power 
supply device, wherein when the voltage detected by the 
power Supply Voltage detecting unit becomes equal to or 
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more than a DC voltage detected by the DC voltage detect 
ing unit, the poise signal controller outputs a pulse signal for 
turning off the switching elements of the power factor 
correction unit. 

11. The power supply device according to claim 2 further 
comprising a load status detecting unit for detecting mag 
nitude of a load, wherein the pulse signal controller changes 
a pulse width of the pulse signal in accordance with the 
magnitude of the load detected by the load status detecting 
unit, and then outputs the signal. 

12. The power supply device according to claim 2 further 
comprising a load status detecting unit for detecting mag 
nitude of a load, wherein the pulse signal controller selects 
one control method from a plurality of control methods for 
controlling the pulse signal to accordance with a magnitude 
of the load detected by the load status detecting unit, and 
then outputs the signal. 

13. The power supply device according to claim 11, 
wherein the load comprises a motor and an inverter for 
providing a Supply Voltage to the motor, and the load status 
detecting unit detects a variation generated from a status 
transition of the inverter or the motor 

14. The power supply device according to claim 11, 
further comprising a Supply Voltage determining unit for 
determining a Voltage of the AC Supply, wherein the pulse 
signal controller Switches over an output pattern of the pulse 
signal in accordance with the determining result by the 
Supply voltage determining unit. 

15. The power supply device according to claim 1 further 
comprising a power Supply frequency detecting unit for 
detecting a frequency of the AC power Supply Voltage 
wherein the pulse signal controller outputs a pulse signal 
having different pulse width in accordance with a frequency 
detected by the power supply frequency detecting unit. 

16. The power supply device according to claim 1, 
further comprising a smoothing capacitor for Smoothing an 
output voltage of the power factor correction unit. 

17. An air conditioner comprising a compressor for 
compressing a refrigerant, and a power Supply devices 
according to claim 1 for providing Supply Voltage to the 
compressor 

18. The power supply device according to claim 12, 
wherein the load comprises a motor and an inverter for 
providing a Supply Voltage to the motor, and the load status 
detecting unit detects a variation generated from a status 
transition of the inverter or the motor 

19. The power supply device according to claim 12, 
further comprising a Supply Voltage determining unit for 
determining a Voltage of the AC Supply, wherein the pulse 
signal controller Switches over an output pattern of the pulse 
signal in accordance with the determining result by the 
Supply voltage determining unit. 

20. The power supply device according to claim 2 further 
comprising a power Supply frequency detecting unit for 
detecting a frequency of the AC power Supply Voltage, 
wherein the pulse signal controller outputs a pulse signal 
having different pulse width in accordance with a frequency 
detected by the power supply frequency detecting unit. 

21. The power supply device according to claim 2, 
further comprising a smoothing capacitor for Smoothing an 
output voltage of the power factor correction unit. 

22. An air conditioner comprising a compressor for 
compressing a refrigerant, and a power Supply devices 
according to claim 2 for providing Supply Voltage to the 
compressor 

23. A power supply device comprising: 
(a) a rectifier that rectifies an output voltage of an AC 
power supply to convert he voltage into a DC voltage, 
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(b) a reactor connected to the rectifier, 
(c) a power factor corrector that inputs an output voltage 
of the rectifier via the reactor; the power factor cor 
rector including a switching circuit comprising plural 
ity of switching elements connected in series and turn- 5 
ing on or off to change a current path in the power 
factor corrector; a capacitor circuit comprising a plu 
rality of capacitors connected in series, and a reverse 
current blocking rectifier element for preventing a 
charge in the capacitors from flowing reversely when 
the Switching circuit turns On, the switching circuit and 
the capacitor circuit being arranged in parallel, at 
least one connection node between the switching ele 
ments being connected to a connection node between 
the capacitors, ends of the switching circuit being 
connected to ends of the capacitor circuit via the 
reverse-current blocking rectifier element, 

(d) a pulse signal controller that generates and outputs a 
pulse signal to turn on and off each switching element 
of the power factor corrector, 2O 

(e) a switching driver that receives the pulse signal to 
drive the switching circuit of the power factor corrector 
based on the received pulse signal and 

(f) a zero cross detector that detects a zero Cross point of 
the power supply voltage to output a zero cross detec- 25 
tion signal, 

wherein the pulse signal controller outputs a pulse signal 
to turn on at least one of the plurality of Switching 
elements of the power factor corrector for a predeter 
mined time in a half period of the AC power supply 30 
based on the zero cross detection signal from the zero 
cross detector: 

24. The power supply device according to claim 23, 
wherein the pulse signal controller generates a pulse signal 
for turning on each switching element of the power factor 35 
corrector for a predetermined time, and switches over an 
output pattern of the pulse signal for each halfperiod of the 
AC power supply voltage. 

25. The power supply device according to claim 23, 
wherein the pulse signal controller generates a pulse signal 40 
for turning on Only one of switching elements of the power 
factor corrector for a predetermined time, and Switches over 
an output pattern of the pulse signal for each halfperiod of 
the AC power supply voltage. 

26. The power supply device according to claim 23, 45 
wherein the pulse signal controller generates a pulse signal 
for turning on the plurality of Switching elements of the 
power factor corrector for different predetermined times, 
and switches over an output pattern of the pulse signal for 
each halfperiod of the AC power supply voltage. 50 

27. The power supply device according to claim 23, 
wherein the pulse signal controller generates a pulse signal 
for simultaneously turning on all switching elements of the 
power factor corrector for a predetermined time, and out 
puts the pulse signal for each half period of the AC power 55 
Supply voltage. 

28. The power supply device according to claim 23 
fiurther comprising a power supply, voltage detector that 
detects a voltage of the AC power supply, and a DC voltage 
detector that detects an output voltage of the power supply 60 
device, wherein when the voltage detected by the power 
supply voltage detector becomes equal to or more than a DC 
voltage detected by the DC voltage detector; the pulse signal 
controller outputs a pulse signal for turning of the Switching 
elements of the power factor corrector. 65 

29. The power supply device according to claim 23 
fiurther comprising a load Status detector that detects a 
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magnitude of a load, wherein the pulse signal controller 
changes a pulse width of the pulse signal in accordance with 
the magnitude of the load detected by the load status 
detector; and then outputs the signal. 

30. The power supply device according to claim 23 
fiurther comprising a load status detector that detects a 
magnitude of a load, wherein the pulse signal controller 
selects one control method from a plurality of control 
methods for controlling the pulse signal in accordance with 
a magnitude of the load detected by the load status detector, 
and then outputs the signal. 

31. The power supply device according claim 29, wherein 
the load comprises a motor and an inverter that provides a 
supply voltage to the motor; and the load status detector 
detects a variation generated from a status transition of one 
of the inverter and the motor. 

32. The power supply device according to claim 29, 
fiurther comprising a supply voltage determiner that deter 
mines a voltage of the AC supply, wherein the pulse signal 
controller switches over an output pattern of the pulse signal 
in accordance with the determining result by the supply 
voltage determiner: 

33. The power supply device according to claim 23 
fiurther comprising a power supply frequency detector that 
detects a frequency of the AC power supply voltage, wherein 
the pulse signal controller outputs a pulse signal having 
different pulse width in accordance with a frequency 
detected by the power supply frequency detector: 

34. The power supply device, according to claim 23, 
fiurther comprising a smoothing capacitor for smoothing an 
output voltage of the power factor corrector: 

35. The power supply device according to claim 30, 
wherein the load comprises a motor and an inverter that 
provides a supply voltage to the motor; and the load status 
detector detects a variation generated from a status transi 
tion of one of the inverter and the motor: 

36. The power supply device according to claim 35, 
fiurther comprising a supply voltage determiner that deter 
mines a voltage of the AC supply, wherein the pulse signal 
controller switches over an output pattern of the pulse signal 
in accordance with the determining result by the supply 
voltage determiner: 

37. A power supply device comprising: 
(a) a rectifier that rectifies an output voltage of an AC 
power supply to convert the voltage into a DC voltage, 

(b) a reactor connected to the rectifier, 
(c) a power factor corrector that inputs an output voltage 

of the rectifier via the reactor; the power factor cor 
rector including a switching circuit comprising a plu 
rality of Switching elements connected in series and 
turning on or off to change a current path in the power 
factor corrector, a capacitor circuit comprising a plu 
rality of capacitors connected in series, and a reverse 
current blocking rectifier element for preventing a 
charge in the capacitors from flowing reversely when 
the Switching circuit turns on, the switching circuit and 
the capacitor circuit being arranged in parallel, at 
least one connection node between the switching ele 
ments being connected to a connection node between 
the capacitors, ends of the switching circuit being 
connected to ends of the capacitor circuit via the 
reverse-current blocking rectifier element; 

(d) a pulse signal controller for generating and outputting 
a pulse signal to turn on and off each switching element 
of the power factor corrector, 

(e) a Switching driver that receives the pulse signal to 
drive the switching circuit of the power factor corrector 
based on the received pulse signal 
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(f) a zero cross detector that detects a zero Cross point of 
the power supply voltage to output a zero cross detec 
tion signal and 

(g) a detection signal delayer that receives the zero cross 
signal from the zero cross detector to output a zero 
cross delay signal after a predetermined, time elapses, 

wherein the pulse signal controller receives the zero cross 
delay signal from the detection signal delayer; and then 
outputs a pulse signal for turning on at least one of the 
plurality of switching elements of the power factor 
corrector for a predetermined time in a halfperiod of 
the AC power supply. 

38. The power supply device according to claim 37, 
wherein the pulse signal controller generates a pulse signal 
for luring on each switching element of the power factor 
corrector for a predetermined time, and switches over an 
output pattern of the pulse signal for each halfperiod of the 
AC power supply voltage. 

39. The power supply device according to claim 37, 
wherein the pulse signal controller generates a pulse signal 
for turning on Only one of switching elements of the power 
factor corrector for a predetermined time, and Switches over 
an output pattern of the pulse signal for each halfperiod of 
the AC power supply voltage. 

40. The power supply device according to claim 37, 
wherein the pulse signal controller generates a pulse signal 
for turning on the plurality of Switching elements of the 
power factor corrector for different predetermined times, 
and switches over an output pattern of the pulse signal for 
each halfperiod of the AC power supply voltage. 

41. The power supply device according to claim 37, 
wherein the pulse signal controller generates a pulse signal 
for simultaneously turning on all switching elements of the 
power factor corrector for a predetermined time, and out 
puts the pulse signal for each half period of the AC power 
Supply voltage. 

42. The power supply device, according to claim 37 
fiurther comprising a power supply frequency detector that 
detects a frequency of the AC power supply voltage wherein 
the pulse signal controller outputs a pulse signal having 
different pulse width in accordance with a frequency 
detected by the power supply frequency detector: 
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43. A power supply device comprising: 
(a) a rectifier that rectifies an output voltage of an AC 
power supply to convert the voltage into a DC voltage, 

(b) a reactor connected to the rectifier, 
(c) a power factor corrector that inputs an output voltage 

of the rectifier via the reactor; the power factor cor 
rector including a switching circuit comprising a plu 
rality of Switching elements connected in series and 
turning on or off to change a current path in the power 
factor corrector, a capacitor circuit comprising a plu 
rality of capacitors connected in series, and a reverse 
current blocking rectifier element for preventing a 
charge in the capacitors from flowing reversely when 
the Switching circuit turns on, the switching circuit and 
the capacitor circuit being arranged in parallel, at 
least one connection node between the switching ele 
ments being connected to a connection node between 
the capacitors, ends of the switching circuit being 
connected to ends of the capacitor circuit via the 
reverse-current blocking rectifier element; 

(d) a pulse signal controller for generating and outputting 
a pulse signal to turn on and off each switching element 
of the power factor corrector, 

(e) a Switching driver that receives the pulse signal to 
drive the switching circuit of the power factor corrector 
based on the received pulse signal 

(f) a power supply voltage detector that detects a voltage 
of the AC power supply, 

wherein when a voltage detected by the power supply 
voltage detector becomes equal to or more than a 
predetermined value, the pulse signal controller out 
puts a pulse signal for turning on at least One of the 
Switching elements of he power factor corrector for a 
predetermined time. 

44. An air conditioner comprising a compressor for 
compressing a refrigerant, and a power supply device 
according to claim 23 for providing supply voltage to the 
compressor: 

45. An air conditioner comprising a compressor for 
compressing a refrigerant, and a power supply device 
according to claim 37 for providing supply voltage to the 
compressor: 


