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(54) AC-DC-AC converter, particularly for fluorescent lamps

(57) In order to avoid harmonics in the current {1 drawn from AC supply 21 and to avoid use of large-size components, the
D C supply for high frequency inverter 30 includes a rectifier 23 charging a capacitor 26 so as to provide a pulsating D.C.
voltage VC2 thereon, a capacitor 29 charged to a voltage VC6 below the peak value of capacitor 26 voltage, and means to
discharge capacitor 29 in an oscillatory or pulsating manner during those portions (TB), (Fig 3), of each half cycle of AC
supply 21 during which the capacitor 26 voltage is below the voltage of capacitor 29. An inductor 28 may form an oscillating
discharge circuit A in association with capacitors 26, 29 with the oscillations being synchronised with the ON/OFF timing of
inverter transistor 32. Alternatively, a discharge FET, (Fig 17), may operate in antiphase with inverter transistor 32.

Capacitor 29 may be charged by a tertiary winding 31c on inverter transformer, by current flow through inverter
transistor 32, (Fig 9), or two capacitors (291), (292), (Fig 10), may be charged in series from rectifier 23 and discharged in
parallel.

A MOSFET (69), (Fig 12), may switch a capacitor (68) in parallel with capacitor 26 in a manner such that the peak
voltage thereon does not vary with variations in the peak voltage from rectifier 23.

A transistor (Q11), (Fig 15), parallel to a diode 25 may be turned on during those periods (TA), (Fig 16), when
capacitor 26 voltage is higher than capacitor 29 voltage so that the resonant voltage of inverter circuit 314, 33 is not
superposed on capacitor 26 voltage at such times.

Inverter transistor 32 may be controlled by a circuit (87), (Figs 20, 23), responsive to the output voltage and cutrent of
rectifier 23 so as to vary the inverter frequency such that the current drawn from supply 21 remains substantially sinusoidal.
Circuit (87) may be arranged to control the frequency only during discharge of capacitor 29, (Fig 24).
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"POWER SUPPLY APPARATUS"

The present invention relates to a power supply
apparatus of a high-frequency inverter type and, more
particularly, to a power supply apparatus for generating
a low-noise output voltage which can stably light, e.g.,
a discharge lamp.

A power supply apparatus shown in Fig. 1 1s conven-
tionally known. In this power supply apparatus, an AC
power source 1 is connected to the input portion of a
full-wave rectifier 3 through a filter 2. The filter 2
is constituted by an inductor and a capacitor. The
full-wave rectifier 3 is constituted by a diode bridge.
The output portion of the full-wave rectifier 3 is con-
nected to a switching transistor 5 through an inductor
4, and is further connected to a smoothing capacitor 7
through a forward-biased diode 6. The smoothing capaci-
tor 7 is connected in parallel with a series circuit of
a primary winding 12a of a transformer 12 and a switch-
ing transistor 13. A high-frequency inverter 8 includes
this series circuit, a resonance capacitor 14 connected
in parallel with the primary winding 12a, a diode 15
connected in parallel with the switching transistor 13,
and a secondary winding 12b of the transformer 12 serv-
ing as an output portion of the inverter 8. One end of
the secondary winding 12b is connected to one end of
a filament 10a of a discharge lamp 10, while its the

other end is connected to one end of a filament 10b of
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the discharge lamp 10 through a capacitor 9. A starting
capacitor 11 is connected between the other ends of the
filamentslloa and 10b.

In the power supply apparatus, the switching tran-
sistor 5 performs a high-frequency switching operation
under the control of a control circuit 16. When the
switching transistor 5 is turned on, a current flows in
the inductor 4 in the presence of a pulsating voltage
output from the full-wave rectifier 3. Owing to this
current, energy stored in the inductor 4 is superposed
on the pulsating voltage when the switching transistor 5
is turned off, thus charging the smoothing capacitor 7
through the diode 6. When such a switching operation of
the switching transistor 5 is repeated, the charged
voltage across the smoothing capacitor 7 is smoothed.
Meanwhile, a switching current flows in the inductor 4
such that an envelope corresponding to the pulsating
voltage appears as a peak. This switching current
becomes a sinusoidal current in phase with the AC volt-
age from the AC power source 1 through the filter 2.
Therefore, the input current basically contains no har-
monic component, and a high power factor can be obtained.

The charged voltage across the smoothing capacitor
7 is supplied to the high-frequency inverter 8 as power
source voltage, and the high-frequency switching of the-
switching transistor is performed in the presence of

this power source voltage to operate an oscillation
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circuit constituted by the primary winding 12a of the
transformer 12 and the resonance capacitor 14. A reso-
nant voltage from the oscillation circuit is transmitted
to the secondary winding 12b of the transformer 12. An
output voltage from the secondary winding 12b is applied
to the discharge lamp 10. When a current flows in a
series circuit of the starting capacitor 11 and fila-
ments 10a and 10b upon application of the output
voltage, the filaments 10a and 10b are pre-heated, and
at the same time the voltage across the starting capaci-
tor 11 is increased. The discharge lamp 10 is lighted
when a high voltage is generated across the starting
capacitor 11 and applied to the filaments 10a and 10b.
Since the power supply apparatus is operated by
means of so-called chopper control, very few harmonic
components are contained in the input current to this
apparatus. However, a DC current corresponding to a
loss in a load circuit made up of the high frequency
inverter 8 and discharge lamp 10 continuously flows from
the full-wave rectifier 3 to the load circuit throughout
the entire period during which the pulsating voltage is
output from the full-wave rectifier 3. For this reason,
each circuit component needs to have a large capacity to
process a large quantity of energy. Such a circuit
component is large in size and expensive. In additicn,
the switching transistor 5 must be periodically switched

so as not to leave energy stored in the inductor 4 in
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the condition where the instantaneous value of the
pulsating voltage is constantly changing. For such
control, the control circuit 16 is inevitably compli-
cated in structure and increased in size. With regard
to energy processing by a switching operation of the
switching transistor 5, since this operation is continu-
ously performed throughout the entire period during the
pulsating voltage is applied to the switching transistor
5, a large switching loss is caused. Furthermore, since
a switching current has a triangular waveform, the
amount of noise produced is increased. Moreover, the
capacity of each circuit component connected to the
power lines must be increased to cope with an excessive
inrush current flowing into the smoothing capacitor 7
when the power is turned on. This also contributes to
an increase in the size of the power supply apparatus.

It is an object of the present invention to provide
a power supply apparatus which can reduce the amount of
high-frequency noise without requiring large-size compo-
nents and a complicated arrangement, and allows a reduc-
tion in size and cost.

The above object can be attained by a power supply
apparatus comprising a full-wave rectifier for
rectifying an AC voltage from an AC power source to out-
put a DC pulsating voltage, a first capacitor connected
between output terminals of the full-wave rectifier, a

diode connected to one end of the first capacitor and
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forward-biased with respect to the pulsating voltage
from the full-wave rectifier, a second capacitor con-
nected to receive the pulsating voltage from the full-
wave rectifier through the diode, an oscillation
circuit, including a series circuit of an inductor and a
charging capacitor which circuit is connected in paral-
lel with the second capacitor, for storing a DC voltage
lower than a peak value of the pulsating voltage from
the full-wave rectifier in the charging capacitor, and a
high-frequency inverter, connected to receive an input
current supplied from the first and second capacitors
when the voltage from the full-wave rectifier is higher
than the charged voltage across the charging capacitor,
and receive an input current supplied from the second
capacitor when the pulsating voltage from the full-wave
rectifier is lower than the charged voltage across the
charging capacitor, for performing an oscillating opera-
tion in the presence of the received current to generate
an output voltage.

According to this power supply apparatus, energy
supply to the high-frequency inverter is controlled in
accordance with the difference between the charged volt-
age across the charging capacitor and the pulsating
voltage from the rectifier.

In a state wherein the charged voltage across the
charging capacitor is lower than the pulsating voltage

from the rectifier, the first and second capacitors
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supply a current to the high-frequency inverter when the
inverter is ON. That is, the high-frequency inverter
receives a required amount of energy from the first and
second capacitors. An input current is supplied from
the AC power source so as to supplement the energy sup-
plied from the first and second capacitors and consumed
by the high-frequency inverter. 1In addition, the charg-
ing capacitor is charged by the oscillation circuit when
the high-frequency inverter is OFF.

In a state wherein the pulsating voltage from the
rectifier is lower than the charged voltage across the
charging capacitor, only the second capacitor supplies a
current to the high-frequency inverter when the high-
frequency inverter is ON. The voltage across the second
capacitor is decreased if the second capacitor does not
have a capacitance large enough to supply a required
amount of energy to the high-frequency inverter. When
the voltage across the second capacitor is decreased
below that across the first capacitor, the first capaci-
tor starts energy supply. Discharging from the charging
capacitor to the high-frequency inverter is delayed
because of the presence of the inductor. This discharg-
ing operation is performed immediately before the
high-frequency inverter is turned off. When the
high-frequency inverter is turned off,:the charging
capacitor serves as a voltage source for causing the

inductor and the second capacitor to .oscillatory.
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resonate. The second capacitor is charged as a result
of this oscillatory resonance. In this charging
operation, the amplitude of oscillatory resonance is
increased with a decrease in the pulsating voltage from
the rectifier. Accordingly, supply of the input current
from the AC power source is continued.

This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a circuit diagram showing the arrangement
of a conventional power supply apparatus;

Fig. 2 is a circuit diagram showing the arrangement
of a power supply apparatus according to a first embodi-
ment of the present invention;

Figs. 3(a) to 3(d) are charts showing the waveforms
of voltages vcl, Vc2', vc2, and V1 and a current Il
obtained in the power supply apparatus shown in Fig. 2;

Figs. 4(a) to 4(c) are charts each showing the
waveforms of a voltage vcl and currents IQl1, Ic2, ID1,
and IRec obtained nearly at points P1l, P2, and P3 shown
in Fig. 3(c), respectively;

Figs. 5(a) to S(e) are the waveforms of a voltage
Vel and currents IQl, Ic2, ID1, and IRec obtained when
inappropriate resonance conditions are set;

Fig. 6 is a chart showing the waveforms of a volt-
age V1 and a current Il input to the power supply appa-

ratus shown in Fig. 2, along with harmonic components
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contained in the input current;

Figs. 7 to 14 are views respectively showing first
to eighth modifications of the power supply apparatus
shown in Fig. 2;

Fig. 15 is a circuit diagram showing the arrange-
ment of a power supply apparatus according to a second
embodiment of the present invention;

Figs. 16(a) to 16(d) are timing charts showing the
waveforms of voltages vcl, vc2', vc2, and V1 and a cur-
rent Il obtained in the power supply apparatus shown in
Fig. 15;

Fig. 17 is a circuit diagram showing the arrange-
ment of a power supply apparatus according to a third
embodiment of the present invention;

Figs. 18(a) to 18(c) are timing charts showing the
waveforms of voltages vcl, vc2, and V1 and a current Il
obtained in the power supply apparatus shown in Fig. 17;

Figs. 19(a) and 19(b) are timing charts showing the
waveforms of a current IQl and a voltage Vc2 obtained in
the power supply apparatus in Fig. 17 in detail;

Fig. 20 is a circuit diagram showing the arrange-
ment of a power supply apparatus according to a fourth
embodiment of the present invention;

Figs. 21(a) to 21(d) are timing charts each showing
an example of the waveform of an input current Il dis-
torted with respect to the waveform of an input voltage

v1;
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Figs. 22(a) and 22(b) are timing charts showing the
waveforms of an input voltage and input current to the
power supply apparatus shown in Fig. 20 and the wave-
forms of an input voltage and input current to a voltage
detector and a current detector;

Fig. 23 is a circuit diagram showing the arrange-
ment of the power supply apparatus shown in Fig. 20 in
more detail; and

Fig. 24 is a circuit diagram showing a modification
of the fourth embodiment of the present invention.

A power supply apparatus according to a first
embodiment of the present invention will be described
below with reference to Figs. 2 to 6.

Fig. 2 shows the circuit arrangement of this power
supply apparatus. For example, the power supply appara-
tus is used to stably light a discharge lamp. An AC
power source 21 is connected to the input portion of a
full-wave rectifier 23 constituted by a diode bridge
through an inductor 22. The output portion of the full-
wave rectifier 23 is connected to a first capacitor 24
to apply a pulsating voltage. The first capacitor 24 is
connected in parallel with a second capacitor 26 through
a diode 25 which is forward-biased on the positive pole
side of the full-wave rectifier 23. The second capaci-
tor 26 is connected in parallel with a charging capaci-
tor 29 through a reverse-biased diode 27 and an inductor

28. The second capacitor 26 is connected to
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a high-frequency inverter 30 of a single transistor
type. The high-frequency inverter 30 includes a series
circuit of a primary winding 3la of a transformer 31 and
a switching transistor 32, a resonant capacitor 33 con-
nected in parallel with the primary winding 3la of the
transformer 31, and a diode 34 connected in parallel
with the switching transistor 32. The series circuit of
the primary winding 3la and the switching transistor 32
is connected in parallel with the second capacitor 26.
The switching transistor 32 is driven by a drive circuit
(not shown) to perform a high-frequency switching
operation. One end of a secondary winding 31b of the
transformer 31 is connected to one end of a filament 36a
of a discharge lamp 36, while its the other end is con-
nected to one end of a filament 36b of the discharge
lamp 36 through a capacitor 35. A starting capacitor 37
is connected between the other ends of the filaments 36a
and 36b. The transformer 31 has a tertiary winding 31c
connected in parallel with the charging capacitor 29
through a diode 38. An oscillation circuit A is consti-
tuted by the second capacitor 26, the diode 27, the
inductor 28, the charging capacitor 29, the tertiary
winding 31c, and the diode 38.

In the power supply apparatus having the above-
described arrangement, voltages Vcl and Vc2 shown in
Figs. 3(a) and 3(c) are obtained across the first‘ and

second capacitors 24 and 26 when the apparatus is
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operated. For the sake of easy understanding of the
embodiment, Fig. 3(b) shows a voltage across the second
capacitor 26 obtained in a case where the inductor 28
does not exist, and the second capacitor 26 has a capac-
itance large enough to pose no hindrance to an operation
of the high-frequency inverter 30.

An oscillating operation of the high-frequency
inverter 30 is performed upon switching of the switching

S

[

transistor 32. Meanwhile, the primary winding 3la
resonated with the resonant capacitor 33 and generates a
high-frequency voltage as a result of the resonation.
The tertiary winding 31c generates a high-frequency
voltage induced on the basis of the ratio of the number
of turns of the tertiary winding 31c to that of the pri-
mary winding 31la. This voltage is used to charge the
charging capacitor 29 through the diode 38. The charg-
ing capacitor 29 stores a voltage Vcé corresponding to
the high-frequency voltage from the tertiary winding
31c. As shown in Fig. 3(b), this voltage Vcé6 is set
lower than a peak value Vpeak of the pulsating voltage
vcl applied from the capacitor 24 to the capacitor 26
through the diode 25.

An operation of the power supply apparatus will be
described below, provided that a period in which the
pulsating voltage Vcl is higher than the charged voltage
vc6 across the charging capacitor 29 is represented by

TA; and a period in which the pulsating voltage Vcl is
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lower than the charged voltage Vvcé, TB.
(A) Period TA

When the transistor 32 of the high-frequency inver-
ter 30 is turned on in the period TA, the first and
second capacitors 24 and 26 are simultaneously dis-
charged to supply a current to the primary winding 31la
of the transformer 31. (The first and second capacitors
24 and 26 have a composite capacitance capable of sup-
plying energy required by the high-frequency inverter
30.) On the AC power source side, an input current Il
is supplied so as to supplement energy corresponding to
the current supply from the first and second capacitors
24 and 26 to the primary winding 3la. This operation is
effected in accordance withe the pulsating voltage vcl
each time the transistor 32 is turned on. 1In the period
of TA, a high-frequency voltage having a small and uni-
form amplitude is generated by the switching of the
transistor 32. As shown in Fig. 3(c), this high-
frequency voltage is, throughout the period TA, superpo-
sed on the voltage Vc2, which changes in the form of a
sine wave due to application of the pulsating voltage
Vcl. Since the composite capacitance of the first and
second capacitors 24 and 26 is selected to satisfy the
requirement of the high-frequency inverter 30, heat
generation and ripple in their output voltages are
suppressed. Therefore, the power supply apparatus can

acquire high operation reliability. 1In the period TA,
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the charging capacitor 29 discharges no current to the
inverter side and is charged by a current supplied from
the tertiary winding 31c when the transistor 32 is OFF.
(B) Period TB

When the transistor 32 is turned off in a state
wherein the pulsating voltage V1 is slightly lower than
the charged voltage vVcé across the charging capacitor
29, the second capacitor 26 i1s discharged to supply a
current to the primary winding 3la of the transformer
31. This second capacitor 26 does not have a capaci-
tance large enocugh to supply the amount of energy
required by the high-frequency inverter 30 by itself.
For this reason, the voltage Vc2 across the second
capacitor 26 is decreased with an increase in current
flowing in the primary winding 3la after the transistor
32 is turned on. When the voltage Vc2 is decreased
below the voltage Vcl across the first capacitor 24, the
first capacitor 24 supplies energy to the high-freguency
inverter 30 to compensate for a shortage of energy sup-
plied from the second capacitor 26. This operation is
continued until the transistor 32 is turned off. The
decrease in the voltage Vc2 is restricted after the
first capacitor 24 begins to supply energy. When energy
is supplied from the first capacitor 24 to the inverter
30, a corresponding quantity of energy is supplied from
the AC power source 21 side, as the input current Il.

Meanwhile, discharge of energy from the charging
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capacitor 29 is delayed because of the transient
impedance of the inductor 28 and is started immediately
before the transistor 32 is turned off. After the tran-
sistor 32 is turned off, the charged voltage Vcé of the
charging capacitor 29 serves as a voltage source to a
series circuit of the inductor 28, the diode 27, and the
second capacitor 26. Since the second capacitor 26 and
the inductor 28 are designed to obtain oscillatory
resonance, the voltage Vc2 across the second capacitor
26 changes in the form of a sine wave while the second
capacitor 26 is charged. This voltage Vc2 is raised to
a level at which no energy shortage occurs when the
transistor 32 is turned on again in the inverter 30.

The voltage Vc2 across the second capacitor 26 is
decreased as the voltage vcl across the first capacitor
24 becomes lower than the voltage Vcé across the charg-
ing capacitor 29. The amplitude of the resonant voltage
generated by the inductor 28 and the second capacitor 26
is increased with a decrease in the voltage vc2. At
this time, although the input current Il is decreased,
the current supply is continued. As a result, the volt-
age Vc2 across the second capacitor 26 actually has a
waveform as shown in Fig. 3(c). 1In Fig. 3(c), reference
symbol Pl denotes a point at which the voltage vc2
reaches its peak value; P2, a point at which the voltage
Vc2 becomes slightly lower than the voltage vcé6, and a

resonating operation of the inductor 28 and the: second



10

15

20

25

- 15 -

capacitor 26 is started; and P3, a point at which the
voltage Vc2 becomes almost zero. In addition, the input
current Il and the input voltage V1 of this apparatus
actually have waveforms shown in Fig 3(d). Since the
input current Il continuously flows from the AC power
source 21, harmonic components are prevented from being
contained in the input current Il.

Figs. 4(a), 4(b), and 4(c) each show a collector
current IQl flowing in the transistor 32, a current IC2
flowing from the second capacitor 26, a current ID1
flowing through the diode 25, a voltage Vc2 developed
across the second capacitor 26, and a current IRec flow-
ing the full-wave rectifier 23, which are obtained
nearly at the points P1, P2, and P3, respectively. The
current IRec is almost equal to the input current Il.

The collector current IQl flows when the transistor
32 is turned on. The amount of the collector current is
determined according to the voltage Vc2 from the capaci-
tor 26. Since the voltage Vc2 has its peak value at the
point P1, the amount of collector current IQl is
maximum. (The amount of the collector current IQ1l is
reduced in a period between the points Pl and P2, and
further reduced in a period between the points P2 and
P3.) Further, a sufficient amount of current ID1 is sup-
plied from the first capacitor 24 to the inverter 30
through the diode 25 when the transistor 32 is turned

on. Since the amount of current IC2 supplied from the
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capacitor 26 is relatively small at this time, the volt-
age Vc2 scarcely varies. The current IRec flows from
the full-wave rectifier 23 so as to supplement the
energy supplied from the first capacitor 24 to the
second capacitor 26 through the diode 25. The input
current Il flows from the AC power source 21 to the
rectifier 23 in accordance with the current IRec.

In the period between the points P2 and P3, the
amplitude of the resonant voltage geherated by the
inductor 28 and the second capacitor 26 is increased as
the voltage Vcl becomes lower than the charged voltage
Vc6. That is, the voltage Vc2 across the second capaci-
tor 26 is increased before the transistor 32 is turned
on, as shown in Fig. 4(c), so that the capacitor 26 can
supply sufficient energy when the transistor 32 is
turned on. Therefore, the inverter 30 can perform a
stable oscillating operation throughout the entire
period during which the transistor 32 is ON. The cur-
rent IRec flows in accordance with a decrease in the
voltage Vcl, and an input current Il equivalent to the
current IRec is continuously supplied from the AC power
source 21. As a result, an input current Il having very
few harmonic components is obtained, as shown in
Fig. 3(d). 1In this case, it is important that resonance
conditions of the inductor 28 and the second capacitor -
26 are adjusted to generate a resonant:voltage synchro-

nous to the ON/OFF timing.of the transistor 32, to



10

15

20

25

- 17 -

thereby render the oscillating operation of the inverter
30 stable at the point P3, at which the voltage vc2
becomes almost 0.

If a resonance voltage not synchronous to the
ON/OFF timing of the transistor 32 is generated because
of inappropriate resonance conditions of the inductor 28
and the second capacitor 26, the currents IQl, IC2, ID1,
and IRec and the voltage Vc2 respectively have waveforms
like those shown in Figs. 5(a) to 5(e). That is, the
voltage Vc2 across the second capacitor 26 cannot be
raised to a sufficiently high level, and hence a short-
age of energy supplied to the inverter 30 occurs. 1In
this case, the current IQl quickly rises in the form of
a spike, since the currents ID1 and IRec flow in small
amounts. As a result, the input current Il has a wave-
form in a half-cycle period of the AC voltage V1 as
shown in Fig. 6. 1In Fig. 6, a large amount of harmonic
components is contained in recess portions X indicated
by the broken lines. (The input current Il obtained in
the embodiment is indicated by the solid line in
Fig. 6.) The amount of noise and the switching loss
caused in the transistor are increased when the input
current I1 fluctuates in the form of a spike at the
recess portions X.

If the frequency of the resonance circuit consti-
tuted by the inductor 28 and the second capacitor 26 is

too high with respect to oscillation caused by the
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inverter 30, the current IQ1 flowing in the transistor
32 becomes unstable. This interferes with a stable
oscillating operation of the inverter 30 and a reduction
in harmonic component in the input current Il.

The operation of the resonance circuit constituted
by the inductor 28 and the second capacitor 26 is
greatly dependent on the internal impedance and capaci-
tance of the charging capacitor 29. More specifically,
the internal impedance regulates the amplitude of
a resonant voltage in the entire half-cycle period of
the AC voltage V1, whereas the capacitance regulates the
amplitude of the resonant voltage in part of the half-
cycle period of the AC voltage V1. If the capacitance
of the charging capacitor 29 is too small, the amplitude
of the resonant voltage obtained by the resonance cir-
cuit is decreased in a period during which the voltage
Vc2 is close to the zero level corresponding to the
point P3 shown in Fig. 3(c), or in a period during which
the voltage Vc2 rises from the zero level to the maximum
level corresponding to the point P1. This prolongs the
period during which the quickly raised current IQl con-
tinuously flows in the transistor 32, thus posing pro-
blems similar to those described above. Therefore, the
internal impedance and capacitance of the charging
capacitor 29 are properly set to prevent such a problem.

Assume that the capacitance of the :first capacitor

24 is too small. 1In this case, even if a large



10

15

20

25

- 19 -

amplitude of the resonant voltage is obtained by the
resonance between the inductor 28 and the second capaci-
tor 26, a shortage of energy supplied from the AC power
source 21 side occurs, and the input current Il is
greatly decreased in the period TB shown in Fig. 3(b).
As a result, the input current Il becomes a spike cur-
rent containing a large amount of harmonic components,
posing problems similar to those described above.

In contrast to this, if the capacitance of the first
capacitor 24 is too large, the waveform of the voltage
vcl shown in Fig. 3(a) is distorted to have low-level
portions shifted to the high-level side. This allows
the input current Il not to flow temporarily in the
period TB, thus increasing the amount of harmonic compo-
nents in the input current Il1. Therefore, the capaci-
tance of the first capacitor 24 is properly set to
prevent such a problem.

In the above-described power supply apparatus, the
first capacitor 24 can remove ripple superposed on the
input current Il upon switching of the transistor 32.
When the power is turned on, a spike inrush current
rushes in the first and second capacitors 24 and 26.
However, this inrush current is negligibly small as com-
pared with that in the conventional power supply
apparatus. For this reason, even if circuit components
connected to the power supply line are small-size compo-

nents having low breakdown voltages, there is hardly any
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chance that these components are damaged by the inrush
current. In addition, a main part of the power supply
apparatus can be easily constituted by the capacitors 24
and 26, the inductor 28, the diodes 25, 27, and 38, and
the tertiary winding 31c. That is, the first embodiment
requires no large-size components and complicated
arrangement to reduce the amount of high-frequency noise
and allows a reduction in the size and cost of the power
supply apparatus. |

Various modifications and changes of the first
embodiment can be made without departing from the spirit
and scope of the invention. For example, Figs. 7 to 13
respectively show the circuit arrangements of first to
eighth modifications, in each of which the same effects
as those of the first embodiment can be obtained. The
same reference numerals in Figs. 7 to 14 denote the same
parts as in the first embodiment, and a description
thereof will be omitted.

In the first modification shown in Fig. 7, the
high-frequency inverter 30 shown in Fig. 2 is replaced
by a high-frequency inverter 40 of a half-bridge type.
This inverter 40 includes a series circuit of switching
transistors 41 and 42 and a series circuit of capacitors
43 and 44. The discharge lamp 36 is connected in series
with an inductor 45 between the node of the switching
transistors 41 and 42 and the node of the capacitors 43

and 44. The inductor 45 is magnetically coupled to
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a coil 46. The coil 46 is connected in parallel with
the charging capacitor 29 through the diode 38. The
same effects as those in the first embodiment can be
obtained in this modification, since a DC voltage lower
than the peak value of the pulsating voltage Vcl is
stored in the charging capacitor 29 by means of the coil
46. Note that one of the capacitors 43 and 44 may be
omitted from the inverter 40.

In the second modification shown in Fig. 8, the
high-frequency inverter 30 shown in Fig. 2 is replaced
by a high-freguency inverter 50 of a push-pull type.
This inverter 50 includes switching transistors 51 and
52, a transformer 53, and a capacitor 54. The collector
of the switching transistor 51 is connected to one end
of a primary winding 53a of the transformer 53. The
collector of the switching transistor 52 is connected to
the other end of the primary winding 53a of the trans-
former 53. The capacitor 54 is connected in parallel
with the primary winding 53a of the transformer 53. The
emitters of the transistors 51 and 52 are both connected
to the negative terminal of the charging capacitor 29.
The positive terminal of the charging capacitor 22 is
connected to the intermediate tap of the primary winding
53a of the transformer 53 through an inductor 55. The
discharge lamp 36 is connected in parallel with a
secondary winding 53b of the transformer 53. A tertiary

winding 53c of the transformer 53 is connected in
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parallel with the charging capacitor 29 through the
diode 38. The same effects as those in the first embod-
iment can be obtained in this modification, since a DC
voltage lower than the peak value of the pulsating volt-
age Vcl is stored in the charging capacitor 29 by means
of the tertiary winding 53c.

In the third modification shown in Fig. 9, the
positions of the charging capacitor 29 and the diode 27
shown in Fig. 2 are exchanged with each other, and the
node of the inductor 28 and the cathode of the diode 27
is connected to the collector of the transistor 32
through a diode 57. When the transistor 32 is turned
on, a current flows from the power source side to the
primary winding 31a of the transformer 31 to charge the
charging capacitor 29. At this time, the charged volt-
age Vc6 of the charging capacitor 29 is determined by
the impedance ratio. Since a DC voltage lower than the
peak value of the pulsating voltage Vcl can be stored in
the charging capacitor 29, the same effects as those in
the first embodiment can be obtained in this
modification.

In the fourth modification shown in Fig. 10, the
charging capacitor 29 shown in Fig. 2 is replaced by
charging capacitors 291 and 292. The positive terminal
of the charging capacitor 291 is connected to one end of
the second capacitor 26 through an ‘inductor 28, while

the negative terminal thereof is connected to the anode -
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of a diode 58. The positive terminal of the charging
capacitor 292 is connected to the cathode of the diode
58, while the negative terminal thereof is connected to
the other end of the second capacitor 26. A diode 59 is
connected in parallel with a series circuit of the
charging capacitcor 291 and the diode 58 while the anode
of the diode 59 is connected to the cathode of the diode
58. A diode 60 is connected in parallel with a series
circuit of the charging capacitor 292 and the diode 58
while the cathode of the diode 60 is connected to the
anode of the diode 58.

In this arrangement, a pair of the charging capaci-
tors 291 and 292 stores the peak value of the pulsating
voltage Vcl. Each of the charging capacitor 291 and 292
is discharged to supply energy to the resonance circuit
constituted by the second capacitor 26 and the inductor
28 when the pulsating voltage Vcl becomes lower than the
its charged voltage. Therefore, the same effects as
those in the first embodiment can be obtained.

In the fifth modification shown in Fig. 11, the
second capacitor 26 shown in Fig. 2 is connected in par-
allel with the diode 25. The second capacitor 26 and
inductor 28 constitute a resonance circuit, and operate
in the same manner as in the first embodiment.
Therefore, the same effects as those in the first
embodiment can be obtained.

In the sixth modification shown in Fig. 12,
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a variable capacitance control circuit 61 is further
provided. This control circuit 61 includes resistors
62, 65, 66, 67, 71, and 72, capacitors 63, 68, and 78,
Zener diodes 64 and 76, a MOS field effect transistor
(FET) 69, a PNP transistor 70, an inductor 73, a coil
74, and diodes 75 and 77. A series circuit of the
resistor 62 and the capacitor 63 is connected in paral-
lel with the first capacitor 24. A series circuit of
the Zener diode 64 and the resistor 65 is connected in
parallel with the capacitor 63. A series circuit of the
resistor 66 and the resistor 67 is connected in parallel
with the first capacitor 24 through the diode 25. A
series circuit of the third capacitor 68 and the MOSFET
69 is connected in parallel with the second capacitor
26. The emitter of the PNP transistor 70 is connected
to the cathode of the Zener diode 64 through the resis-
tor 71. The collector of the PNP transistor 70 is con-
nected to the gate of the MOSFET 69 and is further
connected to the negative terminal of the capacitor 63
through the resistor 72. The base of the PNP transistor
70 is connected to the node of the resistors 66 and 67.
On the load side, the inductor 73 is connected between
the capacitor 35 and the filament 36b of the discharge
lamp 36, and the coil 74 is magnetically coupled to the
inductor 73. One end of the coil 74 is connected to the
negative terminal of the second capacitor 26, :while the

other end is connected to the base of the transistor 70
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through a series circuit of the diode 75, the Zener
diode 76, and the diode 77. 1In addition, the coil 74 is
connected in parallel with the capacitor 78 through the
diocde 75.

In this arrangement, the inverter 30 can perform a
stable oscillating operation regardless of variations in
the voltage vcl. 1In addition, harmonic components can
be reduced. That is, the internal impedance of the
transistor 70 changes in accordance with the voltage
Vcl, and the MOSFET 69 receives a gate voltage
corresponding to the impedance. As a result, the MOSFET
69 adjusts the composite capacitance of the second and
third capacitors 26 and 68 so that the voltage Vvc2
across the second capacitor 26 can be maintained almost
constant, regardless of the variation in the voltage
Vcl. The same effects as those in the first embodiment
can also be obtained.

In the seventh modification shown in Fig. 13, the
first capacitor 24 shown in Fig. 2 is replaced by a
first capacitor 241 connected to the AC power source 21
through the inductor 22. The input portion of the full-
wave rectifier 23 is connected to the capacitor 241, and
the output portion thereof is connected to the second
capacitor 26 directly. The diodes of the full-wave
rectifier 23 can serve as the diode 25 shown in Fig. 2.
Therefore, the diode 25 can be eliminated in this

modification. Further, the second capacitor 26 is
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connected in parallel with a series circuit of the
charging capacitor 29, the inductor 28, and the diode
27. The node of the inductor 28 and the cathode of the
diode 27 is connected to the collector of the transistor
32 through a diode 57. When the transistor 32 is turned
on, the capacitors 24 and 26 are discharged to supply a
current to each of the inductor 31a and a series circuit
of the capacitor 29, the inductor 28, and the diode 57.
At this time, the capacitor 29 stores a voltage Vcé
lower than a peak value Vpeak of the pulsating voltage
from the rectifier 23. Therefore, the same effects as
those in the first embodiment can also be obtained.

In the eighth modification shown in Fig. 14, the
first capacitor 24 shown in Fig. 2 is replaced by a
first capacitor 241 connected to the AC power source 21
through the inductor 22. The input portion of the full-
wave rectifier 23 is connected to the first capacitor
241, and the output portion thereof is connected to the
second capacitor 26. The diodes of the full-wave recti-
fier 23 can serve as the diode 25 shown in Fig. 2.
Therefore, the diode 25 can be eliminated in this
modification. 1In addition, the same effects as those in
the first embodiment can be obtained.

In the first embodiment, the power supply apparatus
is used to light a discharge lamp. However, the present
invention can be applied to loads other than a discharge

lamp.
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A power supply apparatus according to a second
embodiment of the present invention will be described
below with reference to Figs. 15 to 16(d).

Fig. 15 shows the circuit arrangement of this power
supply apparatus. The same reference numerals in
Fig. 15 denote the same parts as in the first embodi-
ment. Likewise the first embodiment, the power supply
apparatus includes inductors 22 and 28, a full-wave rec-
tifier 23, capacitors 24, 26, 29, 33, and 35, diodes 25,
27, 34, and 38, a transformer 31, a switching transistor
32. The input portion of the full-wave rectifier 23
connected to an AC power source 21 through the inductor
22 serving as a filter. The output portion of the full-
wave rectifier 23 is connected to the first capacitor 24
and is also connected to the second capacitor 26 through
the diode 25 which is forward-biased on the positive
pole side of the full-wave rectifier 23. The capaci-
tance of the second capacitor 26 is set to be smaller
than that of the first capacitor 24. The power supply
apparatus further includes a switching transistor Ql1
whose collector-to-emitter path is connected in parallel
with the diode 25 in the reverse direction. The second
capacitor 26 is connected in parallel with a series cir-
cuit of the diode 27, the inductor 28, and the charging
capacitor 29. A discharge lamp ignitor section IG is
connected, as a load circuit, to the second capacitor

26. The ignitor section IG includes a high-frequency



10

15

20

25

- 28 -

inverter 30 constituted by the transformer 31, the
capacitor 33, the diode 34, and the switching transistor
32. A series circuit of the switching transistor 32 and
a primary winding 3la of the transformer 31 is connected
between the two terminals of the second capacitor 26.
The capacitor 33 is connected in parallel with the pri-
mary winding 31la, and the feedback diode 34 is connected
in parallel with the collector-to-emitter path of the
transistor 32. A secondary winding 31b of the trans-
former 31 is connected to a discharge lamp 36 through

a capacitor 35. A starting capacitor 37 is connected
between filaments 36a and 36b of the discharge lamp 36.
This power supply apparatus includes a control section
CNT constituted by diodes 38 and D15, a current trans-
former CT, a capacitor Cl17, and a resistor R15. A ter-
tiary winding 31c of the transformer 31 is connected in
parallel with the charging capacitor 29 through a pri-
mary winding CTa of the current transformer CT and the
diode 38. The base of the transistor Ql1 is connected
to one end of the secondary winding CTb of the current
transformer CT through the resistor R15 and the diode
D15 and the emitter thereof is connected to the other
end of the secondary winding CTb of the current trans-
former CT. The capacitor C17 is connected between the
other end of the secondary winding CTb and the node of
the diode D15 and the resistor R15.

An operation of the power supply: apparatus will be
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described next with reference to Figs. 16(a) to 16(d).

When the power is turned on, the full-wave recti-
fier 23 rectifies an input voltage V1 from the commer-
cial AC power source 21 to produce a DC pulsating
voltage to be applied to the first and second capacitors
24 and 26. The voltage Vc2 across the second capacitor
26 is applied to the inverter 30. The switching opera-
tion of the transistor 32 causes the primary winding 3la
and the capacitor 33 to resonate in the presence of the
voltage Vc2. The resonant voltage obtained by the
resonance is transmitted to the secondary winding 31b.
When an output voltage from the secondary winding 31b is
applied to the discharge lamp 36, a current flows in the
discharge lamp 36 through the capacitor 37 to pre-heat
the filaments 36a and 36b of the discharge lamp 36. In
addition, a high voltage generated across the starting
capacitor 37 is applied to the filaments 36a and 36b to
start lighting the discharge lamp 36.

An operation after the discharge lamp 36 is 1lit
will be described below, provided that a period in which
the pulsating voltage Vcl is higher than the charged
voltage Vcé across the charging capacitor 29 is repre-
sented by TA; and a period in which the pulsating volt-
age Vcl is lower than the charged voltage Vcé, TB.

In the period TB, when the transistor 32 of the
inverter 30 is turned on, a current flows in a loop con-

stituted by the transistor 32, the diode 34, the
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capacitor 33, and the primary winding 3la in the pres-
ence of power supplied from the second capacitor 26 to
the inverter 30. At this time, the primary winding 31a
and the capacitor 33 resonate to generate a resonant
voltage. The diode 25 blocks a reverse current, so that
the resonance between the primary winding 3la and the
capacitor 33 can be continued.

The capacitance of the second capacitor 26 is not
large enough to operate the inverter‘30 stably. For
this reason, the voltage Vc2 across the second capacitor
26 gradually decreases. When the voltage Vc2 becomes
lower than that of the first capacitor 24, power is sup-
plied also from the fist capacitor 24 to the inverter
30. When the transistor 32 is turned off, the charging
capacitor 29 is discharged to cause the inductor 28 and
the capacitor 33 to resonate. The second capacitor 26
is charged by the resulting resonant voltage. While the
charging capacitor 29 is in a discharged state, the con-
trol section CNT supplies no base current to the tran-
sistor Q11 to keep it in an OFF state.

In the period TA, when the transistor 32 of the
inverter 30 is turned on, a current flows in the loop
constituted by the transistor 32, the diode 34, the
capacitor 33, and the primary winding 31a in therpres-
ence of power supplied from the first and second capaci-
tors 24 and 26 to the inverter 30. At this time, the

primary winding 31la and the capacitor 33 resonate to
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generate a resonant voltage. The resonant voltage is
superposed on the voltage Vc2 across the second capaci-
tor 26. The control section CNT supplies a base current
corresponding to the voltage Vcé to the transistor Qll
when the voltage Vcl becomes higher than the voltage
Vc6, so as to turn on the transistor Ql1. That is, the
charging capacitor 29 is charged by a charging current
supplied through the primary winding CTa while the tran-
sistor Q11 is OFF in the period TA. The primary winding
CTa causes a current to flow in the secondary winding
CTb in accordance with the charging current. The
current obtained from the secondary winding CTb is
rectified by the diode D15, the capacitor C17, and the
resistor R15, and supplied, as a base current, to the
transistor Qll.

When the transistor Q11 is turned on, the reverse
current blocked by the diode 25 is enabled to flow. At
this time, the resonance conditions of the primary wind-
ing 31a and the capacitor 33 are greatly changed,
resulting in a deviation from the oscillation frequency
of the inverter 30. Consequently, as shown in
Fig. 16(c), the resonant voltage is not superposed on
the voltage Vc2. Note that the resonant voltage comes
nearer to 0 as the capacitance of the first capacitor 24
becomes larger than that of the second capacitor 26.

In addition, since a current Il supplied to the

power supply apparatus is continuous, similar to
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a voltage V1, as shown in Fig. 16(d), harmonic compo-
nents can be effectively reduced.

Furthermore, ripple in the current flowing in the
transistor Q11 can be sufficiently absorbed by the first
capacitor 24 having a relatively large capacitance, and
harmonic components can be absorbed by the combination
of the first capacitor 24, the second capacitor 26, and
the diode 25.

In the second embodiment, the switching transistor
Qll is used as a switching element connected to the
diode 25. However, a field effect transistor or a
thyristor may be used in place of the transistor Qi11.

A power supply apparatus according to the third
embodiment of the present invention will be described
below with reference to Figs. 17 to 19(b).

This power supply apparatus is designed in consid-
eration of the following problem in the first and second
embodiments.

For example, in the power supply apparatus shown in
Fig. 2, change in the actual voltage Vc2 across the
capacitor 26, shown in Fig. 3(c), is large as compared
with that of the ideal voltage vc2'. Particularly, in
the period TB during which a steep spike current is
generated, the voltage oscillation becomes larger than
that in the period TA. That is, the primary winding 31la
of the transformer 31 stores electromagnetic energy

while the transistor 32 is ON, and resonates with the
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time, a voltage is induced in the secondary winding 31b,
and the discharge lamp 36 is lighted by this voltage.
However, when the polarity of the resonant voltage is
inverted at the resonance frequency specified by the
primary winding 3la and capacitor 33, the voltage across
the capacitor 26 is increased in accordance with a cur-
rent flowing therein through the inductor 28 and the
diode 27 to become higher than that of the capacitor 29.
Subsequently, when the transistor 32 is turned on, the
capacitor 29 is quickly charged by the capacitor 26
owing to unbalanced electrostatic energy corresponding
to the potential difference between the capacitors 26
and 29. That is, a spike current flows, as a charging
current, from the capacitor 26 to the capacitor 29.

This spike current causes a switching loss with respect
to the transistor 32 and an increase in noise.

Fig. 17 shows the circuit arrangement of a power
supply apparatus according to the third embodiment of
the present invention. The same reference numerals in
Fig. 17 denote the same parts as in the first
embodiment. 1In this power supply apparatus, a commer-
cial AC power source 21 is connected to the input por-
tion of a full-wave rectifier 23 through an inductor 22
serving as a filter. The output portion of the full-
wave rectifier 23 is connected to a first capacitor 24

and is also connected to a second capacitor 26 through
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a diode 25 forward-biased on the positive pole side of
the full-wave rectifier 23. The capacitance of the
second capacitor 26 is set to be smaller than that of
the first capacitor 24. The second capacitor 26 is con-
nected in parallel with a series circuit of a field
effect transistor FET, a diode 27, and a charging capac-
itor 29. The transistor FET is a control switching
element. The charging capacitor 29 is charged by a
voltage lower than a peak value of the pulsating voltage
vel from the full-wave rectifier 23. The second capaci-
tor 26 is connected to a high-frequency inverter 30.
This inverter 30 includes a transformer 31, a switching
transistor 32, a capacitor 33, a feedback diode 34. A
series circuit of a primary winding 31a of the trans-
former 31 and the switching transistor 32 is connected
between the two terminals of the capacitor 26. The
capacitor 33 is connected in parallel with the primary
winding 31a, and the diode 34 is connected in parallel
with the collector-to-emitter path of the transistor 32.
A secondary winding 31b of the transformer 31 is con-
nected to a discharge lamp 36 through a capacitor 35. A
starting capacitor 37 is connected between filaments 36a
and 36b of the discharge lamp 36. The transformer 31
has a tertiary winding 31c, which is connected between
the two terminals of the charging capacitor 29 through a
diode 38. The gate of the field effect transistor FET

is connected to a gate control circuit constituted by
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resistors R1, R2, and R3 and a Zener diode ZDl.

An operation of the power supply apparatus accord-
ing to the third embodiment will be described next.

When the power is turned on, the full-wave recti-
fier 23 rectifies an input voltage V1 from the commer-
cial AC power source 21 to produce a pulsating voltage
to be applied to the first and second capacitors 24 and
26. The inverter 30 receives the voltage Vc2 across the
second capacitor 26. The switching operation of the
transistor 32 is performed in the presence of the
received voltage, causing the primary winding 31a and
the capacitor 33 to resonate. The resonant voltage
obtained from this resonance circuit is transmitted to
the secondary winding 31b. When an output voltage from
the secondary winding 31b is applied to the discharge
lamp 36, a current flows in the discharge lamp 36
through the capacitor 37 to pre-heat the filaments 3éa
and 36b of the discharge lamp 36. In addition, a high
voltage generated across the starting capacitor 37 is
applied to the filaments 36a and 36b to start lighting
the discharge lamp 36.

While the transistor 32 is ON, since the voltage
across the capacitor 33 is not increased, the Zener
diode zZDl1 is kept in an OFF state, and the transistor
FET is OFF, thus supplying no current to the charging
capacitor 29.

The voltage across the capacitor 33 is raised when
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the transistor 32 is turned off. When this voltage
exceeds a voltage set by the resistors R2 and R3, the
Zener diode ZD1 turns on the transistor FET to charge
the capacitor 29 by a current flowing through a path
constituted by the second capacitor 26, the transistor
FET, and the diode 27.

In this embodiment, the inductor 28 shown in Fig. 2
is not required. As shown in Fig. 18(b), the voltage
Vc2 does not oscillate iﬁ a period TA during which the
transistor 32 is ON. 1In a period TB during which the
transistor 32 is OFF, the peak of the voltage vc2 is
suppressed to a predetermined value or less because the
resonant voltage does not exceed the charged voltage Vceé
across the charging capacitor 29. Therefore, a spike
current which rises when the transistor 32 is turned on
can be prevented, and a reduction in switching loss and
noise can be achieved. 1In addition, as shown in
Figs. 18(a) to 19(b), harmonic components can be
prevented.

A power supply apparatus according to the fourth
embodiment of the present invention will be described
with reference to Figs. 20 to 23.

Fig. 20 shows the circuit arrangement of this power
supply apparatus. The same reference numerals in
Fig. 20 denote the same parts as in the first embodi-
ment. In the power supply apparatus, a commercial AC

power source 21 is connected through an inductor 22 to
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the input portion of a full-wave rectifier 23 consti-
tuted by a diode bride, and the output terminal of the
full-wave rectifier 23 is connected to a first capacitor
24 through a diode D11 serving as a rectification ele-
ment. The first capacitor 24 is connected in parallel
with a second capacitor 26 through a forward-biased
diode 25 serving as a rectification element. The second
capacitor 26 is connected in parallel with a charging
circuit CG constituted by a series circuit of a reverse-
biased diode 27, an inductor 28, and a charging
capacitor 29, and is further connected to a high-
frequency inverter 30 of a single transistor type. This
high-frequency inverter 30 serves as a load and includes
a series circuit of a primary winding 3la of a trans-
former 31 and a switching transistor 32, a resonance
capacitor 33, and a feedback diode 34. The resonance
capacitor is connected in parallel with the primary
winding 31a. The diode 34 is connected in parallel to
the collector-to-emitter path of the transistor 32. The
series circuit of the primary winding 3la and switching
transistor 32 is connected in parallel with the second
capacitor 26. The base of the switching transistor 32
is connected to a control circuit 87 which controls a
high-frequency switching operation of the transistor 32.
This control circuit 87 is connected to a voltage detec-
tor 88 and a current detector 89. The voltage detector

88 is connected between the output terminals of the
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full-wave rectifier 23, and the current detector 89 is
interposed in a line connected to one output terminal of
the full-wave rectifier 23. A secondary winding 31b of
the transformer 31 is connected to a discharge lamp 36
through a capacitor 35. A starting capacitor 37 is con-
nected between filaments 36a and 36b of the discharge
lamp 36. The transformer 31 has a tertiary winding 31c,
which is connected in parallel with the charging capaci-
tor 29 through a diode 38. An osciliator OSC is consti-
tuted by the second capacitor 26, the diode 27, the
inductor 28, the charging capacitor 29, the tertiary
winding 31c of the transformer 31, and the diode 38.

An operation of the power supply apparatus of the
fourth embodiment is basically the same as that of the
first embodiment described with reference to Figs. 3(a)
to 3(d), and hence a description thereof will be
omitted.

Frequency control by the control circuit 87 will be
described next.

When a current Il is supplied in phase with a volt-
age V1 from the commercial AC power source 21, as shown
in Fig. 22(a), a voltage and a current are input to the
voltage detector 88 and the current detector 89, as
shown in shown in Fig. 22(b).

The components of the high-frequency inverter 30,
i.e., the capacitor 33, the second:capacitor 26, the

transistor 32, the transformer 31, and the inductor 28
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generally have allowable errors set within a range from
q 5 to 10%. If energy supplied to the high-frequency
inverter 30 cannot satisfy the energy consumption of the
inverter 30 due to these errors, the waveform of the
sinusoidal input current I1 is distorted, as shown in
Figs. 21l(a) to 21(d).

In a case wherein the load is inductive as shown in
Fig. 20, the distorted waveform of this input current Il
is shaped into a waveform similar to a sine wave by
using a phenomenon that the load impedance changes with
a change in frequency. When, for example, the current
I1 is increased with respect to the sinusocidal voltage
Vvl due to a decrease in load, as shown in Figs. 21(a)
and 21(c), the control circuit 87 increases the switch-
ing frequency of the transistor 32 to increase the
energy consumption of the inverter 30. In contrast to
this, when the current Il is decreased with respect to
the sinusoidal voltage V1 due to an increase in load, as
shown in Figs. 21(b) and 21(d), the control circuit 87
decreases the switching frequency of the transistor 32
to reduce the energy consumption of the inverter 30.

Similarly, in a case wherein the load is
capacitive, the distorted waveform of the input current
I1 is shaped into a waveform similar to a sine wave by
using the above-described phenomenon. When, for
example, the current Il is decreased with respect to the

sinusoidal voltage V1 due to an increase in load, as
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shown in Figs. 21(b) and 21(d), the control circuit 87
decreases the switching frequency of the transistor 32
to reduce the energy consumption of the inverter 30. 1In
contrast to this, when the current Il is increased with
respect to the sinusoidal voltage V1 due to a decrease
in load, as shown in Figs. 21(a) and 21(c), the control
circuit 87 increases the switching frequency of the
transistor 32 to increase the energy consumption of the
inverter 30.

In the above-described embodiment, harmonic
components of an input current I1 can be suppressed, and
a reduction in size and cost can be realized together
with simplification of the arrangement.

Fig. 23 shows the circuit arrangement of the power
supply apparatus in Fig. 19 in more detail.

As shown in Fig. 23, the voltage detector 88 has a
series circuit of two resistors R11l and R12, and the
current detector 89 has a current transformer CT11l.
Outputs from the voltage detector 88 and the current
detector 89 are compared with each other in an opera-
tional amplifier OPl11. An output from the operational
amplifier OP11 is supplied to the control circuit 87.
The operational amplifier OP11 operates in the presence
of a voltage applied from a series circuit of a resistor
R13 and a capacitor C21, which is connected to the full-
wave rectifier 23. The control circuit :87 has a current

transformer £T12. In this current transformer CT12,
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a detection winding CTl2a is connected between the
capacitor 35 and the filament 36b of the discharge lamp
36, and an output winding CT12b is connected series with
a capacitor C22 and a transistor FET1 between the base
and emitter of the transistor 32. A series circuit of
the capacitor C22 and the transistor FET1 serves as a
variable capacitance section and is connected in paral-
lel with the capacitor C23.

When an output voltage from the voltage detector 88
becomes higher than an output voltage from the current
detector 89, an output voltage of H level is applied
from the operational amplifier OP11 to the gate of the
transistor FET1. At this time, the transistor FET1
increases the capacitance across the variable capaci-
tance section to decrease the frequency of the high-
frequency inverter 30. With this decrease in frequency,
the impedance of the high-frequency inverter 30 is
decreased to bring the waveform of the input current
close to a sine wave.

In contrast to this, when an output voltage from
the detector 88 becomes lower than an output voltage
from the detector 89, an output voltage of L level is
applied from the operational amplifier OPll to the gate
of the transistor FET1. At this time, the transistor
FET1 decreases the capacitance across the variable
capacitance section to increase the freguency of the

high-frequency inverter 30. With this increase in
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frequency, the impedance of the high-frequency inverter
30 is increased to bring the waveform of the input cur-
rent close to a sine wave. Note that such a result can
be obtained without the capacitor C23.

In addition, the high-frequency inverter 30 is not
only separately-excited, but also self-excited. 1In the
self-excited high-frequency inverter 30, the oscillation
frequency is controlled by changing the capacitance
coupled to the base.

Fig. 24 shows a modification of the fourth
embodiment. In this modification, a field effect tran-
sistor FET2 is connected in series with the capacitor
C23. The gates of the transistors FET1 and FET2 are
connected to the emitter of a bypass transistor Q21 and
the collector of a bypass transistor Q22, respectively.
The inductor 28 is magnetically coupled to a detection
winding L22. One end of the winding L22 is connected to
the bases of the transistors Q21 and Q22, and the other
end thereof is connected to the collector of the tran-
sistor 021 and the emitter of the transistor Q22. A
capacitor C24 is connected between the other end of the
winding L22 and the node of the diode D21 and resistor
R14.

In the power supply apparatus shown in Fig. 24, the
control circuit 87 controls the switching frequency of a
transistor 32 in only a period TB during which the

charging capacitor 29 is discharged. That is, when the
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charging capacitor 29 is charged, an L-level current is
supplied to the base of the transistor Q21. At this
time, the transistor Q21 bypasses an output from the
operational amplifier OPl1l so as not to apply a voltage
to the gate of the field effect transistor FET1l. The
gate voltage of the transistor FET2 can be controlled in
accordance with variations in load or the like. If no
control operations other than inhibiting control of the
field effect transistor FET1 are performed, there is a
possibility that the capacitance on a side of the
capacitor C22 is reduced to 0, and the energy consump-
tion is excessively reduced due to a increase in the
frequency of the high-frequency inverter 30. Note that
since the transistors Q21 and Q22 have opposite
characteristics, only one of the field effect transis-
tors FET1 and FET2 is controlled. That is, the field
effect transistor FET1 is not controlled while the field
effect transistor FET2 is controlled, and vice versa.
According to the power supply apparatus of this
modification, when the voltage from the full-wave recti-
fier 23 is higher than the charged voltage across the
charging capacitor 29, the oscillation frequency is not
changed to prevent the change from being uncontrollable.
On the other hand, when the voltage from the full-wave
rectifier 23 is lower than the charged voltage across
the charging capacitor 29, the oscillation frequency is

changed to suppress the generation of harmonic



10

15

20

- 44 -

components.

Although the fourth embodiment uses a high-
frequency inverter of a single transistor type, another
type of inverter may be used.

Components used for the above confrol may be inte-
grated as a digital circuit to realize a compact multi-
function product. For example, an output signal from
the operational amplifier OPll can be converted into a
digital signal by means of an analog;to—digital
converter. If the converter produces the digital signal
as a count which determines the width of the switching
pulses, the count is decreased to increase the switching
frequency, and increased to decrease the switching
frequency. The oscillating frequency of the inverter 30
is set in accordance with the thus determined switching
frequency. However, digital control schemes other than
this scheme may be used.

The power supply apparatus of each embodiment
described above is used to light a discharge lamp.
However, the present invention can be applied to loads

other than a discharge lamp.
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Claims:

1. A power supply apparatus comprising:

rectification means for rectifying an AC voltage
from an AC power source to output a DC pulsating
voltage;

a first capacitor connected between output termi-
nals of said rectification means;

a diode element connected to one end of said first
capacitor and forward-biased with respect to the pulsat-
ing voltage from said rectification means;

a second capacitor connected to receive the pulsat-
ing voltage from said rectification means through said
diode element;

oscillation means, including a series circuit of an
inductor and a charging capacitor which circuit is con-
nected in parallel with said second capacitor, for stor-
ing a DC voltage lower than a peak value of the
pulsating voltage from said rectification means in said
charging capacitor; and

high-frequency inverter means, connected to receive
an input current supplied from said first and second
capacitors when the voltage from said rectification
means is higher than the charged voltage across said
charging capacitor, and receive an input current sup-
plied from said second capacitor when the pulsating
voltage from said rectification means is lower than the

charged voltage across said charging capacitor, for
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performing an oscillating operation in the presence of
the received current to generate an output voltage.

2. An apparatus according to claim 1, wherein an
oscillation condition for said oscillation means is set
such that an amplitude of an oscillation voltage is
increased as the pulsating voltage from said rectifica-
tion means becomes lower than the charged voltage across
said charging capacitor.

3. An apparatus according to claim 1 or 2, wherein
said oscillation means comprises means for generating a
resonant voltage in synchronism with an oscillating
operation of said high-frequency inverter means, and
increasing a voltage across said second capacitor as the
pulsating voltage from said rectification means becomes
lower than the charged voltage across said charging
capacitor.

4. An apparatus according to claim 1, further com-
prising capacitance contreol means for variably changing
a capacitance of said second capacitor in accordance
with variation in the pulsating voltage from said recti-
fication means.

5. An apparatus according to claim 1, wherein said
second capacitor is connected in parallel with said
diode element.

6. An apparatus according to claim 1, wherein said
second capacitor is connected in parallel with said

first capacitor through said diode element.
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7. A power supply apparatus comprising:
a first capacitor connected in parallel with an AC

power source;

rectification means for rectifying an AC voltage
from said AC power source to output a DC pulsating
voltage;

a second capacitor connected between output termi-

nals of said rectification means;

oscillation means, including a series circuit of an
inductor and a charging capacitor which circuit is con-
nected in parallel with said second capacitor, for stor-
ing a DC voltage lower than a peak value of the
pulsating voltage from said rectification means in said
charging capacitor; and

high~-frequency inverter means connected to receive
an input current supplied from said first and second
capacitors when the pulsating voltage from said rectifi-
cation means is higher than the charged voltage across
said charging capacitor, and to receive an input current
supplied from said second capacitor when the pulsating
voltage from said rectification means is lower than the
charged voltage across said charging capacitor, for per-
forming an oscillating operation in the presence of the
received current to generate an output voltage.

8. An apparatus according to claim 1, further com-
prising switching means connected in parallel with said

diode element in a reverse direction, and switching
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control means, connected to said charging capacitor, for
turning on said switching means only when said charging
capacitor is charged.

9. An apparatus according to claim 1, wherein said
high-frequency inverter means includes a single oscilla-
tion switching element, and said oscillation means
includes a control switching element, connected in
series with said charging capacitor, for performing a
switching operation in opposite phase with said oscilla-
tion switching element.

10. An apparatus according to claim 1, further com-
prising frequency control means for changing an oscilla-
tion frequency of said high-frequency inverter means in
accordance with the pulsating voltage from said rectifi-
cation means.

11. An apparatus according to claim 10, wherein
said frequency control means comprises means for chang-
ing a frequency of said high-frequency inverter means
when the pulsating voltage from said rectification means
is lower than the charged voltage across said charging
capacitor.

12. An apparatus according to claim 2, further com-
prising capacitance control means for variably changing
a capacitance of said second capacitor in accordance
with variation in the pulsating voltage from said recti-
fication means.

13. An apparatus according to claim 3, further
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comprising capacitance control means for variably chang-
ing a capacitance of said second capacitor in accordance
with variation in the pulsating voltage from said recti-
fication means.

14. A power supply apparatus, substantially as
hereinbefore described with reference to Figs. 2 to 24

of the accompanying drawings.
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