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Power Supply Device and Discharge Lamp Lighting Device
The-present invention relates to a power supply device and a discharge

lamp ligﬁting device.

An example of conventional discharge lamp lighting devices of this
type is disclosed in Japanese Patent Laid-open No. 211774-1993, wherein
a full-wave rectifying circuit is connected to a commercial AC power supply,
and a parallel resonance circuit, which comprises a resonance condenser
and an inverter transformer, and a transistor are connected in series with
an output terminal of the full-wave rectifying circuit, thereby forming
an inverter circuit. 1In addition, a partially smoothing circuit which
includes a series circuit comprising a charge condenser, an inductor and
a first diode, and also includes a second diode disposed between and
connected the first diode and the transistor is connected to the full- |
wave rectifying circuit, whiie a fluorescent lamp is connected to the
inverter transformer. _

With the configuration as above, the fluorescent lamp is adapted to
be turned on with high-frequen.cy AC current by means of high frequency
switching of the transistor, thereby inducing high frequency AC voltige
on the inverter transformer. _ o

When the transistor is turned on in the range where the voltage on
the full-wave rectifying circuit is high, the charge condenser is charged
through the circuit formed by the full-wave rectifying circuit, the charge
condenser, the second diode, the transistor and back to the fuli-wa_ve
rectifying circuit. When the transistor is turned off, the magnetic energy
of the inductor continues to flow through the second diode. When the
magnetic energy .of the inductor is discharged, the second diode is turned
off so that the voltage on the transistor is applied to the second diode.
At that time, according to the proportion of on-duty of the transistor,
a voltage lower than the output voltage of the full-wave rectifying circuit
is ché:ged into the charge condenser. When the input voltage becomes lower
than the charging voltage on the charge condenser, the charge condenser
discharges the ch'_ar_ged energy through the first diode and the inductor to '

the inverter circuit. Thus, a voltage which is virtually a DC voltage is

supplied to the inverter circuit, with its power proved t
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Due to an insufficient voltage from the charge condenser and the
partially smoothed circuit, however, the discharge lamp lighting device
disclosed in Japanese Patent Laid-open No. 211774;1993 presents some problem
in its crest factor.

Furthermore, when the tranéistor was switched off in the range where
the charge condenser is charged, the magnetic energy of the inductor permits
the current which flowed through the inductor and charged the charge
condenser to flow through the inductor, the second diode, the resonance
condenser and the charge condenser. Therefore, energy which is not the
oscillation energy of the inverter circuit flows into the resonance
condenser. When the second diode is in the ‘on’ state, the voltage on the
.f irst diode is equal to the voltage on the transistor, and the voltage minus
the charge voltage on the charge condenser is applied to the inductor.
Therefore, as it is necessary to increase the voltage resistance capacities
of these elements, the conventional device described above presents another

problem in that reducing the size of the device is difficult.

The present invention includes a rectifying means for rectifying
alternating current from an AC power supply; a first condenser connected
in parallel with an input terminal of the rectifying means; a diode connected -
in series in the normal polarity with an end of said first condenser; a
second condenser connected in parallel with the first condenser through
the diode; a partially smoothed circuit which includes an inductance element
and a charge condenser and is connected in parallel with said second
condenser, the second condenser adapted to charge said charge condenser
at a voltage lower than the maximum instantaneou.s voltage output from the
rectifying means; and an inverter circuit which" includes a parallel
resonance circuit, a switching element and a second resonance condenser
and is connected in parallel with said partially smoothed circuit, said
parallel resonance circuit having a first resonance condenser and a
resonance inductor, said sw_:i.tching element connected in series with the
parallel resonance circuit, the second resonance condenser connected in
parallel with the switching element, and thus structured inverter circuit -
adapted to generate high frequency voltage by means of switching actions
of the switching element. _

With the configuration as above, by feeding input current from the

first and second condensers when the output level of the rectifying means
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is equivalent to or higher than the charge level on the charge condenser,
and feeding current from the partially smoothed circuit when the Butput
level of the rectifying means is lower than the charge level on the charge
condenser, the inverter circuit causes the parallel resonance circuit and
the second resonance condenser to resonate by means of switching actions
of the switching element, thereby reducing high harmonics. Furthermore,
by permitting the resonance current to flow into the second condenser, the
inverter circuit produces high frequency output hav:i.hg an improved crest
factor.

According to another feature thereof, the invention includes a first
condenser connected to an AC power supply; a rectifying means connected
to the first condenser; a second condenser connected to the rectifying means;
a partially smoothed circuit which includes an inductance element and a
charge condenser and is connected in parallel with said second condenser,
the second condenser adapted to charge said charge condenser at a voltage
lower than the maximum instantaneous voltage output from the rectifying
means; and an inverter circuit which includes a parallel resonance circuit,
a switching element and a second resonance condenser and is connected in
parallel with said partially smoothed circuit, said parallel resonance
circuit having a first resonance condenser and a resonance inductor, said
switching element connected in series with the parallel resonance circuit,
the second resonance condenser connected in paraliel with the switching
element, and thus structured inverter circuit adapted to generate high
frequency voltage by means of switching actions of the switching element.

With the configuration as above, by feeding input current from the
first and second condensers when the output level of the rectifying means
is equivalent to or higher than the charge level on the charge condenser,
and feeding current from the partially smoothed circuit when the output
level of the rectifying means is lower than the charge level on the charge
condenser, the inverter circuit causes the parallel resonance circuit and
the second resonance condenser to resonate by means of switching actions
of the switching element, thereby reducing high harmonics. Furthermore,
by permitting the resonance current to flow into the second condenser, the
inverter circuit produces high frequency output having an improved crest
factor.

According to yet another feature thereof, the present invention

includes a rectifying means for rectifying alternating current from an AC
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power supply; a first condenser connected in parallel with an input terminal
of the rectifying means; a diode connected to said first condenser; a second
condenser connected in parallel with the diode; a partially smoothed circuit
which includes an inductance element and a charge condenser and is connected
in parallel with said first condenser through said second condenser and
the diode, the second condenser adapted to charge said charge condenser
at a voltage lower than the maximum instantaneous voltage output from the
rectifying means; and an inverter circuit ‘which includes a parallel
resonance circuit, a switching element and a second resonance condenser
and is connected in parallel with said partially smoothed circuit, said
parallel resohance circuit having a first resonance condenser and a
resonance inductor, said switching element connected in series with the .
parallel resonance circuit, the second resonance condenser connected in
parallel with the switching element, and thus structured inverter circuit
adapted to generate high frequency voltage by means of switching actions
of the switching element. |

With the configuration as above, by feeding input current from the
first and second condensers when the output level of the rectifying means
is equivalent to or higher than the charge level on the charge condenser,
and feeding current from the partially smoothed circuit when the output
level of the rectifying means is lower than the charge level on the charge
condenser} the inverter circuit causes the parallel resonance circuit and
the second resonance condenser to resonate by means of switching actions
of the switching element, thereby reducing high harmonics. Furthermore,
by permitting the resonance current to flow into the second condenser, the
inverter circuit produces high frequency output having an improved crest
factor. _ _ '

According to another feature thereof, the invention includes a
short-circuiting means adapted to short-circuit the diode in accordance
with an outpixt level of the rectifying means so that a load applied to the
switching element can be reduced by changing the resonance point.

According to another feature thereof, the invention includes a
capacity varying means for changing the capacity of the second condenser.
By optimizing the capacity of the second condenser so that the voltage is
reduced to zero in the state where the voltage of the second condenser is
low, high harmonics can be further reduced.

~ According to another feature of the invention, the first resonance
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condenser and the secornd resonance condenser have nearly the same capacities
so that a further improved waveform is provided. )

Acébrd:i.ng to another feature thereof, the invention includes a
rectifying means for rectifying alternating current £rom an AC power supply;
an inverter circuit which includes a parallel resonance circuit couipr:i_.sing
a resonance condenser and a resonance inductor, and a switching element
connected in series with the parallel resonance circuit, said inverter
circuit adapted to generate high frequency voltage by means of switching
actions of the switching element; and a partially smoothed circuit which
includes a series circuit consisting of an inductor, a charge condenser
and a first diode, a second diode, and a third diode, the charge condenser
adapted to be chargéd at a voltage lower than the maximum instantaneous
voltage output from the rectifying means, the first diode connected- in such
a polarity as to correspond to that of discharge current from the charge
condenser, the second diode disposed between and connected to said switching
element and the combination of the inductor and the first diode in such
a polarity as to permit current for charging the charge condenser to flow
therethrough, and the third diode connected in parallel with the charge
condenser and the inductor in such a polarity as to permit magnetic energy
accumulated in the inductor to flow to the charge condenser when the charge
condenser is charged. -

With the configuration as above, voltage charged on the inductor
through the third diode is returned to the charge condenser, and when the
switching element is switched off during the charging period of the charge
condenser, the hagnetic energy of the inductor further charges the charge
condenser along the path from the inductor through the third diode to the
charge condenser so that electric current flows to the second diode only
while the switching element is on during the charging period and that all
the voltage generated on the switching element when the switching element
is switcﬁéd of £ ié applied to the second diode. Therefore, as voltage
applied to the first diode and the inductor can be thus reduced, the sizes
of these components can be reduced- through reducing their capacity of
withstanding voltage.

According to another feature thereof, the invention includes a
rectifying means for rectifying alternating current from an AC power supply;
a first condenser connected in parallel with an input terminal of the

rectifying means; a diode connected in series in the normal polarity with
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an end of said first condenser; a second condenser connected in parallel
with the first condenser through the diode; an inverter circuit which
includes a parallel resonance circuit comprising a resonance condenser and
a resonance inductor, and a sw:‘.tching element connected in series with the
parallel resonance circuit, said inverter circuit adapted to generate high
frequency voltage by means of switching actions of the switching element;
and a partially smoothed circuit which includes a series circuit consisting
of an inductor, a charge condenser and a first diode, a second diode, and
a third diode, the charge condenser adapted to be charged at a voltage lower .
than the maximum instantaneous voltage output from the rectifying means,
the first diode connected in such a polarity as to correspond to that of
discharge current from the charge condenser, the second diode disposed
between and connected to said switching element and the combination of the
inductor and the first diode in such a polarity as to permit current for
charging the charge condenser to flow therethrough, and the third diode
connected in parallel with the charge condenser and the inductor in such
a polarity as to permit magnetic energy accumulated in the inductor to flow
to the charge condenser when the charge condenser is charged.

With the configuration as above, by feeding input current from the
first and second condensers when the output level of the rectifying means
is equivalent to or higher than the charge level on the charge condenser,
and feeding current from the partially smoothed circuit when the output
level of the rectifying means is lower than the charge level on the charge
condenser, the inverter circuit causes the parallel resonance circuit and
the second resonance condenser to resonate by means of _switching actions
of the switching element, thereby reducing high harmonics. . Further,
voltage charged on the inductor through the third diode is returned to the
charge condenser, and when the switching element is switched off during
the charging period of the charge condenser, the magnetic energy of the
inductor further charges the charge condenser along the path from the
inductor through the third diode to the charge condenser so that electric
current flows to the second diode only while the switching element is on
during the charging period and that all the voltage generated on the
switching element when the switching element is switched off is applied
to the second diode. Therefore, as voltage applied to the first diode and
the inductor can be thus reduded , the sizes of these componehts can be reduced

through reducing their capacity of withstanding voltage.
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According to another feature thereof, the invention includes a first
condensexr connected to an AC power supply; a rectifying means connected
to the first condenser; a second condenser connected to the rectifying means;
an inverter circuit which :i.-nclude_s a parallel resonance circ.u:i.t comprising
a resonance condenser and a resonance inductor, and a switching element
connected in series with the parallel resonance circuit, said inverter
circuit adapted to generate high frequency voltage by means of switching -
actions of the switching element; and a partially smoothed circuit which
includes a series circuit consisting of an inductor, a charge condenser
and a first diode, a second diode, and a third diode, the charge condenser
adapted to be charged at a voltage lower than the maximum instantaneous
voltage output from the rectifying means, the first diode connected in such
a polarity as to correspond to that of diécharge current from the charge
condenser, the second diode disposed between and connected to said switching
element and the combination of the inductor and the first diode in such
a polarity as to permit current for charging the charge condenser to flow
therethrough, and the third diode connected in parallel with the charge
condenser and the inductor in such a polarity as to permit magnetic energy
accumulated in the inductor to flow to the charge condenser when the charge
condenser is charged.

With the configuration as above, by feeding input current from the
first and second condensers when the output level of the rectifying means
is equivalent to or higher than the charge level on the charge condenser,
and feeding current from the partially smoothed circuit when the output
level of the rectifying means is lower than the charge level on the charge
condenser, the inverter circuit causes the parallel resonance circuit and
the second resonance condenser to resonate by means of switching actions
of the switching element, thereby reducing high 'harmo'nics. Further,
voltage charged on the inductor through the third diode is returned to the
charge condénsér, and when the switching element is switched off ' during
the charging period of the charge condenser, the magnetic energy of the
inductor further charges the charge condenser along the path from the
inductor through the third diode to the charge condenser so that electric
current flows to the second diode only while the switching element is on
during the charging period and that all the voltage generated on the
switching element when the switching element is switched off is applied

to the second diode. Therefore, as voltage applied to the first diode and -
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the inductor can.be thus reduced, the sizes of these components can be reduced
through reducing their capacii:y of withstanding voltage. i

. According to another feature thereof, the invention includes a
rectifying means for rectifying alternating current from an AC power supply;
a first condenser connected in parallel with an output terminal of the
rectifying means; a diode connected to the first condenser; a second
condenser connected in parallel with said diode; an inverter circuit which
includes a parallel resonance circuit comprising a resonance condenser and-
a resonance inductor, and a switching element connected in series with the
parallel resonance circuit, said inverter circuit adabted to generate high
frequencf 'voltage by means of switching actions of the switching element;
and a partially smoothed circuit which includes a series circuit con.s:i.sting
of an inductor, a charge condenser and a first diode, a second diode, and
a third diode, the charge condenser adapted to be charged at a voltage lower
than the maximum instantaneous voltage output from the rectifying means,
the first diode connected in such a polarity as to correspond to that of
discharge current from the charge condenser, the second diode disposed
between and connected to said switching element and the combination of the
inductor and the first diode in such a polarity as to permit current for
charging the charge condenser to flow therethrough, and the third diode
connected in parallel with the charge condenser and the inductor in such
a polarity as to permit magnetic energy accumulated in the inductor to flow
to the charge condenser when the charge condenser is charged.

With the configuration as above, by feeding input current from the
first and second condensers when the output level of the rectifying means
is equivalent to or higher than the charge level on the charge condenser,
and feeding current from the partially smoothed circuit when the output
level of the rectifying means is lower than the charge level on the charge
condenser, the inverter circuit causes the parallel resonance circuit and
the second resonance condenser to resonate by means of switching actions
of the switching element, thereby reducing high harmonics. Further,
voltage charged on the inductor through the third diode is returned to the
charge condenser, and when the switching element is switched off during
the charging period of the charge condenser; the magnetic energy of the
inductor further charges the charge condenser along the path from the
inductor through the third diode to the charge condenser so that electric

current flows to the second diode only while the switching element is on
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during the charging period and that all the voltage generated on the
switching element when the switching element is switched off is ai»plied
to the second diode. Therefore, as voltage applied to the first diode and
the inductor can be thus reduced, t;he sizes of these components can be reduced
through reducing their capacity of withstanding voltage.

According to another feature thereof, the invention includes a
control circuit adapted to set the frequency at which the inverter circuit
is driven so that the frequency is higher when the circuit starts to oscillate
than during the normal operating period. By increasing the oscillation

. frequency of the switching element at the beginning of oscillation compared
with the normal frequency, the peak value of the current that flows through
the charge condenser, the inductor, the first diode and the switching element
is reduced until the charge condenser in the partially smoothed circuit
is charged to a given voltage. Thus, stress on the switching element is
reduced.

According to another feature thereof, the invention includes an
auxiliary charging circuit adapted to charge the charge condenser by the
time the inverter circuit initiates oscillation. As the charge condenser
is charged by the auxiliary charging circuit before ;I:he inverter circuit
initiates oscillation, stress on the switching element is reduced.

According to another féature thereof, the invention includes a
discharge lamp connected to a power supply device according to the present
invention and achieves the same effect as those the corresponding power

supply device is capable of.

Fig. 1 is a circuit diagram of a discharge lamp lighting device .
according to a first embodiment of the present invention; Fig. 2 is a waveform
.i.llusfrat:i.on of voltage on the second condenser of same; Fig. 3 is a waveform
illustration of lamp current of the fluorescent lamp of same; Fig. 4 is

‘a circuit diégram of a discharge lamp lighting device according to a second
embodiment of the present invention; Fig. 5 is a circuit diagram of a
discharge lamp lighting device according to a third embodiment of the present
invention; Fig. 6 is a circuit diagram of a discharge lamp lighting device
according to a 4th embodiment of the present invention; Fig. 7 is a circuit
diagram of a discharge lamp lighting device according to a 5th embodiment
of the present invention; Fig. 8 is a circuit diagram of a discharge lamp

lighting device according to a 6th embodiment of the present invention;
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Fig. 9 is a circuit diagram of a discharge lamp lighting device according
to a 7th embodiment of the present invention; Fig. 10 is a circuit d]'.agram
of a discharge lamp lighting device according to an 8th embodiment of the
present invention; Fig. 11 is a circuit diagram of a discharge lamp lighting
device according to a 9th embodiment of the present invention; Fig . 12 is
a circuit diagram of a discharge lamp lighting device according to a 10th
embodiment of the present invention; Fig. 13 is a circuit diagram of a
discharge lamp lighting device according to an 11th embodiment of the present
invention; Fig. 14 is a circuit diagram of a discharge lamp lighting device
according to a 12th embodiment of the present invention; Fig. 15 is a circuit
diagram of a discharge lamp lighting device according to a 13th embodiment
of the present invention; Fig. 16 is a circuit diagram of a discharge lamp
lighting device according to a 14th embodiment of the present invention;
Fig. 17 is a circuit diagram of a discharge lamp lighting device according
to a 15th embodiment of the present invention; Fig. 18 is a circuit diagram
of a discharge lamp lighting device according to a 16th embodiment of the
present invention; Fig. 19 is a circuit diagram of a discharge lamp lighting
device according to a 17th embodiment of the present invention; Fig. 20
is a circuit diagram of a discharge lamp lighting device according to an
18th embodiment of the present invention; Fig. 21 is a circuit diagram of
a discharge lamp lighting device according to a 19th embodiment of the
present invention; Fig. 22 is a circuit diagram of a discharge lamp lighting
device according to a 20th embodiment of the present invention; Fig. 23
is a circuit diagram of a discharge lamp lighting device according to a
21st eﬁbodiment of the present invention; Fig. 24 is a circuit diagram of
a discharge lamp lighting device according to a 22nd embodiment of the
present invention; Fig. 25 is a circuit diagram of a aischarge lamp lighting
device according to a 23rxd embodimenﬁ of the present invention} Fig. 26
is a circuit diagram of a discharge lamp lighting device according to a
24th embodimént of the present invention; Fig. 27 is a circuit diagram of
a discharge lamp lighting device according to a 25th embodiment of the
present invention; Fig. 28 is a circuit diagram of a discharge lamé lighting
device according to a 26th embodiment of the present invention; Fig. 29
is a circuit di'&gram of a discharge lamp lighting device according to a
27th embodiment of the present invention; Fig. 30 is a circuit diagram of
a discharge lamp lighting device according to an 28th embodiment of the

present invention; Fig. 31 is a circuit diagram of a discharge lamp lighting
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device according to a 29th embodiment of the present invention; Figqg. 32
is a circuit diagram of a discharge lamp lighting device accordin.g to a
30th embodiment of the present invention; Fig. 33 is a circuit diagram of
a load circuit according to a 31st embodiment of the present invention;
Fig. 34 is a circuit diagram of a load circuit according to a 32nd embodiment
of the present invention; Fig. 35 is a circuit diagram of a load circuit
according to a 33rd embodiment of the present invention; Fig. 36 is a circuit
diagram of a load circuit according to a 34th embodiment of the present
invention; Fig. 37 is a circuit diagram of a load circuit according to a
35th embodiment of the present invention; Fig. 38 is a circuit diagram of
~a load circuit according to a 36th embodiment of the present invention;
Fig. 39 is a circuit diagram of a load circuit according to a 37th embodiment
of the present invention; F_ig. 40 is a circuit diagram of a load circuit
according to a 38th embodiment of the present invention; Fig. 41 is a circuit
diagram of a load circuit according to a 39th embodiment of the present
invention; Fig. 42 is a circuit diagram of a load circuit according to a
40th embodiment of the present invention; Fig. 43 is a circuit diagram of
a discharge lamp lighting device according to a 41st embodiment of the
present invention; Fig. 44 is a waveform illustration showing the function
of the discharge lamp lighting device according to the 41st embodiment of
the present invention; Fig. 45 is a circuit diagram of a discharge lamp
lighting device according to a 42nd embodiment of the present invention;
Fig. 46 is a waveform illustration showing the function of the discharge
lamp lighting device according to the 42nd embodiment of the present
invention; Fig. 47 is a ciréuit diagram of a discharge lamp lighting device
according to a 43rd embodiment of the present invention; Fig. 48 is a circuit
diagram of a discharge lamp lighting device according to a 44th embodimen£
of the present invention; Fig. 49 is a circuit diagram of a discharge lamp
lighting device according to a 45th embodiment of the present invention;
Fig. 50 is a circuit diagram of a discharge lamp lighting device according
to a 46th embodiment of the present invention; Fig. 51 is a circuit diagram
of a part of a discharge lamp lighting device according to a 47th embodiment
of the present invention; Fig. 52 is é circuit diagram of a part of a discharge
lamp lighting device according to a 48th embodiment of the present' invention;
Fig. 53 is a circuit diagram of a part of a discharge lamp lighting device
according to a 49th embodiment of the present invention; and Fig. 54 is

a circuit diagram of a part of a discharge lamp lighting device according
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to a 50th embodiment of the present invention.

Next, the configuration of a power supply device according to the
first embodiment of the invention is explained hereunder, referring to Fig.
1.

Fig. 1 is a circuit diagram of a discharge lamp lighting device
according to the first embodiment of the invention, wherein an input terminal
of a full-wave rectifying circuit 1 serving as a rectifying means for a
diode bridge is connected to a conmercial AC power supply e; a first condenser
Cl having a larger capacity is connecfed to an output terminal of the
full-wave rectifying circuit 1; and a series circuit consisting of a diode
D1 and a second condenser C2, which has a capacity smaller than the first
condenser Cl, is connected to the first condenser Cl.

The second condenser C2 is also connected to a partially smoothed
circuit 2, which comprises a series circuit consisting of a charge condenser

-C3, an inductor L1 and a diode D2, and a diode D3 disposed between and
connected to the inductor L1 and the diode D2.

The partially smoothed circuit is connected to an inverter circuit
3, which includes a parallel circuit consisting of a primary winding Trla
of a leakage flux type inverter transformer Trl and a first resonance
condenser C4, the inverter transformer Trl serving as a resonance inductor.
The inverter circuit 3 also includes a collector-emitter of a transistor
Q1 which serves as a switching element. In addition, a second resonance
condenser C5 is disposed between and connected to the collector and the
emitter of the collector-emitter of the transistor Q1.

Furthermore, a control circuit 5 is connected to the base of the
transistor Q1. |

Filaments FL1, FL2 of a fluorescent lamp LF serving as a discharge
lamp are connected to a secondary winding Trlb of the inverter transformer
Trl, and a'siarting condenser C6 is connected to the filaments FL1l, FL2.

A load circuit 6 is comprised of the fluorescent lamp FL and other
elements.

Next, the function of the embodiment described above is explained
hereunder.

When the inverter circuit 3 is actuated to oscillate upon switching
of the transistor Ql by the control circuit 5, resonance of the primary

winding Trla of the inverter transformer Trl and the resonance condenser
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C4 generates a high frequency voltage, thereby inducing a high frequency
voltage also on the secondary winding Trilb. )

Wheh the transistor Ql is switched on, electric current flows to the
primary winding Trla of the inverter transformer Trl while electric current
also flows through the charge condenser C3, the inductor L1 and the diode
D3 so that the charge condenser C3 is charged. The device is adapted to
store in the charge condenser C3 DC voltage lower than the peak voltage
of the pulsating current from the full-wave rectifying circuit 1.

Now, explanation is given of the range where the voltage of the
pulsating current from the full-wave rectifying circuit 1 is higher than
the charge voltage of the charge condenser C3 and the range where the former -
is lower than the latter.

When the transistor Q1 of the inverter circuit 3 is switched on in
an arbitrary time period in the range where the voltage of the pulsating
current in the full-wave rectifying circuit 1 is higher than the voltage
charged on the charge condenser C3, electric current is supplied to the
primary winding Trla of the inverter transformer Trl mainly from the first
condenser Cl and partly from the second condenser C2. The combined capacity
of the first and second condensers C1,C2 is sufficient to give an energy
required by the inverter circuit 3. Energy corresponding to the current
supplied from the first condenser Cl and the second condenser C2 f£flows in
the form of input current from the commercial AC power supply e. 1In
accordance with changes of the voltage of pulsating current, the device
so functions as to cope with switching actions of the transistor Q1 so that,
along with increase in value of AC voltage sinusoidal waves, the slight
and uniform amplitude of high frequency waves produced by the inverting
action of the inverter circuit 3 is super:i.mﬁosed over the entire range where
the voltage of the full-wave rectifying circuit 1 is high.

In the range where the voltage on the full-wave rectifying circuit
1 is high, the combined value of respective voltages on the first condenser
Cc1 .and the second condenser C2 corresponds to such a value of the energy
given by the supplied pulsating current voltage that said energy satisfies
the energy required by the inverter circuit 3. Therefore, both the first
and second condensers C1,C2 produce only minimal ripples and heat and are
ensured to more reliably function.

In the range where the vqltage of the full-wave rectifying circuit

1 is high,  the charge condenser C3 is charged when the transistor Q1 is
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on. In the high-voltage range of the full-wave rectifying circuit 1, there
is no discharge of current from the changing condenser C3 to the inverter
circuit 3. Then, in the range where the voltage of the full-wave rectifying
- circuit 1 is low, when the transistor Q1 is turned on at the beginning of
decreaseinpulsatingcurrentsinusoidalvoltageinthefull-waverectifying
circuit with respect to the charging voltage on the charge condenser C3,
the electric current to the primary winding Trla of the inverter transformer
Trl is supplied from the second condenser C2 at first. As the capacity of
the second condenser C2 is not sufficient to supply the energy necessary
for the inverter circuit 3, the voltage on the second condenser C2 decreases
with the increase of the current which flows into the primary winding Trla
after the transistor Q1 is switched on. When the voltage on the second
condenser C2 is reduced to the voltage on the first condenser Cl, the first
condenser Cl starts to feed energy to the inverter circuit 3 to make up
for the shortage of the energy supplied by the second condenser C2.

Thus, energy'continues to be fed until the transistor Ql is turned
off. During this period, the decrease in voltage on the second condenser
C2 slows down after the beginning of energy feed from the first condenser
Cl. The energy fed from the first condenser Cl causes energy equivalent
to the fed energy to flow in the form of input electric current from the
commercial AC power supply e.

Meanwhile, due to a transient impedance of the inductor L1, the
charging voltage on the charge condenser C3 delays discharging energy;
energy discharge is done just before the transistor Q1 is switched off.
When the transistor Ql is switched off, the charged voltage on the charge
condenser C3 becomes the source of feeding voltage to the series circuit
which consists of the inductor L1, the diode D2 and the second condenser
C2. At that time, the charge to the second condenser C2 is conducted in
the manner of sinusoidal waves, because the inductor L1 and the second
condenser C2.are so constructed as to achieve oscillatory resonance. The
charged voltage is increased in the inverter circuit 3 to such a level that
an insufficient supply of energy will not occur when the transistor Q1 is
switched on next time. As a result of the switching off of the transistor
01, resonance occurs between the primary winding Trla of the inverter
transformer Trl and the pair of resonance condensers, i. e. the first
resonance condenser C4 and the second resonance condénser C5. The resonance

éurrer_lt flows along a path formed by the second resonance condenser C5,_
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the primary winding Trla of the inverter transformer Trl, the second
condenser C2 and the second resonance condenser C5, and back to the ;econd
condenser 'C2 is charged so that resonance voltage is generated. At that
time, as shown in Fig. 2, voltages at both ends of the second condenser
C2 become close to DC voltages, the voltage corresponding to the maximum
instantaneous voltage of the commercial AC power supply e being
approximately equal to the voltage of the:minimum instantaneous voltage.

Together with decrease.in voltage on the first condenser Cl with
respect to the voltage charged on the charge condenser C3, the voltage on
the second condenser C2 decreases so that the amplitude produced by the
inductor L1 and the second condenser C2 increaées. Further, the current
. continues to be input, although its amount decreases.

. As described above, the device is adapted to permit current from the
commercial AC power supply e to continue to flow, thereby preventing high
harmonic elements from intervening into the input current.

Furthermore, by increasing fluctuation in voltage on the second
condenser C2, the crest factor of the waveform of the lamp current of the
fluorescent lamp FL is improved as shown in Fig. 3.

Next, the second embodiment of the invention is explained referring
to Pig. 4. -

Fig. 4 is a circuit diagram of a discharge lamp lighting device
according to the second embodiment of the present invention. The discharge
lamp lighting device according to the second embodiment of the invention
shown in Fig. 4 has the same configuration as that of the discharge lamp
lighting device according to the first embodiment shown in Fig. 1 except
that the diode D1 is exciuded and that the full-wave circuit 1 is disposed
between énd connected to the first condenser Cl and the second condenser
c2.

By excluding the diode D1, the structure of the circuit can be
simplified while ensuring virtually the same basic functionms.

Next, the third embodiment of the invention is explained referring
to Fig. 5.

Fig. 5 is a circuit diagram of a discharge lamp lighting device
according to the third embodiment of the present invention. The discharge -
lamp lighting device according to the third embodiment of the invention
shown in Fig. 5 has the same confiqguration as that of the discharge lamp

lighting device according to the first embodiment shown in Fig. 1 except
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that the second condenser C2 is connected in parallel with the diode D1.

Even with the cqnfiquration as above, the basic functions ;f the
device are the same as those of the first embodiment.

Next, the fourth embodiment of the invention is explained referring
to Fig. 6.

Fig. 6 is a circuit diagram of a discharge lamp lighting device
according to the fourth embodiment of the present invention. The discharge
lamp lighting device according to the fourth embodiment of the invention
shown in Fig. 6 has the same configuration as that of the discharge lamp
lighting device according to the first embodiment shown in Fig. 1 except
that a series circuit consisting of a condenser Cll and a field effect
transistor Q2 is connected in parallel wifh the second condenser C2 and
that a control circuit 11 is connected to the field effect-transistor Q2.
With the configuration as above, controlling the field effect transistor
02 through the control circuit 11 changes the actual capacity combined with
that of the second condenser C2. As a result, in cases where output of the
inverter circuit 3 changes due to, for example, a change in temperature,
the voltage on the low-voltage portion of the second condenser can be
reliably reduced to zero by changing the combined capacity of the second
condenser C2 and the condenser Cll. Thus, by ensuring continuous flow of
input current, the device according to the fourth embodiment is capable
of more reliably preventing high harmonics.

Further, the same effect can be achieved by adding the above
configuration to the third embodiment shown in.Fig. 5.

Next, the fifth embodiment of the invention is explained referring
to Fig. 7. '

Fig. 7 is a circuit diagram of a discharge lamp lighting device
according to the fifth embodiment of the present invention. The discharge
lamp lighting device accordihg to the fifth embodiment of the invention
shown in Fig; 7 has the same configuration as that of the discharge lamp
lighting device according to the first embodiment shown in Fig. 1 except
that a thyristor 03 serving as a short-circuiting means is connected in
antiparallel with the diode D1 and that a control circuit 12 is connected
to a gate of the thyristor Q3.

Under normal circumstances, the inverter circuit 3.is enabled to
function by boosting through resonance of the second condenser C2 and the

inverter transformer Trl of the inverter circuit 3. However, in the event
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where,.for'example, the lamp current of the fluorescent lamp FL increases,
the thyristor Q3 is turned on to permit the electric current to flow in
the direction opposite the diode D1, thérehy reducing the voltage through
resonance between the inverter transformer Trl and the combination of the
first and the second condensers C1,C2. By thus changing the resonance point
from the one for the resonance with the second condenser C2, the device
according to the fifth embodiment alleviates load applied to the transistor
0l.

Further, the same effect can be achieved by adding the above
configuration to the third embodiment or the fourth embodiment.

Next, the sixth, seventh and eighth embodiments of the invention are
explained referring to Figs. 8 through 10. |

Fig. 8 is a circuit diagram of a discharge lamp lighting device
according to the sixth embodiment of the present invention; Fig. 9 is a
circuit diagram of a discharge lamp lighting device according to the seventh
embodiment of the present invention; and Fig. 10 is a circuit diagram of
a discharge lamp lighting device according to the eighth embodiment of the
present invention. The discharge iamp lighting devices according to the
sixth, seventh and eighth embodiments of the invention respectively havé
the same configurations as those according to the first, second and thifd
embodiments except that a diode D6 is connected in parallel with the series
circuit consisting of the charge condenser C3 and the inductor L1 of the
partially smoothed circuit 2.

With the configurations as above, the charge condenser C3 can be
charged by feeding magnetic energy through the diode D6 to the charge
condenser C3. Furthermore, as current flows through the diode D3, the diode
D2 receives current only when the charge condenser C3 discharges so that
the voltage on the transistor Q1 is applied to the diode D3 while the
transistor Q1 is off. As the voltage applied to the inductor Ll and the
diode D2 is ihus reduced, the device can be made compact. '

Next, the ninth embodiment of the invention is explained referring
" to Fig. 11.

Fig. 11 is a circuit diagram of a discharge lamp lighting device
according to the ninth embodiment of the present invention. The discharge
lamp lighting device according to the ninth embodiment of the invention
has the same configuratibn as that of the discharge lamp lighting device

according to the sixth embodiment except that, as is true in the fourth
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embodiment, a series circuit consisting of a condenser C11 and a field effect
transistor Q2 is connected in parallel with the second condenser C2 and
that a control circuit 11 is connected to the field effect transistor Q2.

Further, the same effect can be achieved by adding the above
configuration to the seventh embodiment or the eighth embodiment.

Next, the tenth embodiment of the invention is explained referring.
" to Fig. 12.

Fig. 12 is a circuit diagram of a discharge lamp lighting device
according to the tenth embodiment of the present invention. The discharge
lamp lighting device according to the tenth embodiment of the invention
has the same configuration as that of the discharge lamp lighting device
according to the sixth embodiment except that, as is true in the fifth
embodiment, a thyristor Q3 serving as a short-circuiting means is connected |
in antiparallel with the diode D1 and that a control circuit 12 is connected
to a gate of the thyristor Q3. |

Further, the same effect can be achieved by adding the above
configuration to the eighth embodiment.

Next, the eleventh, twelfth and thirteenth embodiments of the
invention are explained referring to Figs. 13 through 15.

Fig. 13 is a circuit diagram of a discharge lamp lighting device
according to the eleventh embodiment of the present invention; Fig. 14 is
a circuit diagram of a discharge lamp lighting device according to the
twelfth embodiment of the present invention; and Fig. 15 is a circuit diagram
of a discharge lamp lighting device according to the thirteenth embodiment |
of the present invention. ‘The discharge lamp lighting devices according
to the eleventh, twelfth and thirteenth embodiments of the.invention
respectively have the same configurations as those according to the first,
second and third embodiments except that a resonant inductor L3 instead
of a leakage flux type inverter transformer Trl is connected in parallel
with the resénance condenser C4; a series circuit consisting of a ballast
L4 and a primary winding Tr2a of an insulated type transformer Tr2 is
connected in parallel with the resonant inductor L3; and that the fluorescent
lamp FL is connected to the primary winding Tr2a of the transformer Tr2.

With the configurations as above, wherein the functibn of the inverter
transformer Trl is divided to those of the resonant inductor L3, the ballast
L4 and the insulated type transformer Tr2, the devices function basically

in the same manner as those according to the first, second and the third
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embodiments respectively.

Next, the l4th embodiment of the invention is explained ref.erring
to Fig. 16.

Pig. 16 is a circuit diagram of a discharge lamp lighting device
according to the 14th embodiment of the present invention. The discharge
lamp lighting device according to the 14th embodiment of the invention has
the same configuration as that of the discharge lamp lighting device
according to the eleventh embodiment except that, as is true in the fourth
embodiment, a series circuit consisting of a condenser C11 and a field effect
transistor Q2 is connected in parallel with the second condenser C2 and
that a control circuit 11 is connected to the field effect transistor Q2.

Furthef, the same effect can be achieved by adding the above
configuration to the twelfth embodiment or the thirteenth embodiment.

Next, the 15th embodiment of the invention is explained feferring
to Fig. 17.

Fig. 17 is a circuit diagram of a discharge lamp lighting device
according to the 15th embodiment of the present invention. The discharge
lamp lighting device acéording to the 15th embodiment of the invention has
the same configuration as that of the discharge lamp lighting device
according to the eleventh embodimeht except that, as is true in the fifth
embodiment, a thyristor Q3 sérving as a short-circuiting means is connected
in antiparallel with the diode D1 and that a control circuit 12 is connected
to a gate of the thyristor Q3.

Further, the same effect can be achieved by adding the above
configuration to the thirteenth eﬁbodiment..

Next, the 16th, 17th and 18th embodiments of the invent:i.ox_a are
explained referring to Figs. 18 through 20. _

Fig. 18 is a circuit diagram of a discharge lamp lighting device
according to the 16th embodiment of the present invention; Fig. 19 is a
circuit diagfam of a discharge lamp lighting device according to the 17th
embodiment of the present invention; and Fig. 20 is a circuit diagram of
a discharge lamp lighting device according to the 18th embodiment of the
present invention. The discharge lamp lighting devices according to the
16th, 17th and 18th embodiments of the invention respectively have the same
configurations as those according to the 1llth, 12th and 13th embodiments
except that, in the same manner as the sixth, the seventh and the eighth

embodiments respectively, a diode D6 is connected in parallel with the series
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circuit consisting of the charge condenser C3 and the inductor L1 of the
partially smoothed circuit 2. )

Next, the 19th embodiment of i:he invention is explained referring
to Fig. 21. .

Fig. 21 is a circuit diagram of a discharge lamp lighting device
according to the 19th embodiment of the present invention. The discharge
lamp lighting device according to the 19th embodiment of the invention has
the same configuration as that of the discharge lamp lighting device
according to the 16th embodiment except that, as is true in the fourth
embodiment, a series circuit consisting of é condenser Cl1 and a field effect
transistor Q2 is connected in parallel with the second condenser C2 and
that a control circuit 11 is connected to the field effect transistor Q2.

Further, the same effect can be achieved by adding the above
configuration to the 17th embodiment or the 18th embodiment.

Next, the 20th embodiment of the invention is explained referring
to Fig. 22. _

Fig. 22 is a circuit diagram of a discharge lamp lighting device
according to the 20th embodiment of the present invention. The discharge
lamp lighting device according to the 20th embodiment of the invention has
the same configuration as that of the discharge lamp lighting device
according to the 16th embodiment except that, as is true in the fifth
embodiment, a thyristor Q3 serving as a short-circuiting means is connected
in antiparallel with the diode D1 and that a control circuit 12 is connected
to a gate of the thyristor Q3.

further, the same effect can be achieved by adding the above
configuration to the 18th embodiment.

Next, the 2lst, 22nd and 23rd embodiments of the invention are
explained referring to Figs. 23 through 25. _

Fig. 23 is a circuit diagram of a discharge lamp lighting device
according to the 21st embodiment of the present invention; Fig. 24 is a
circuit diagram of a discharge lamp lighting device according to the 22nd
embodiment of the present invention; and Fig. 25 is a circuit diagram of
a discharge lamp lighting device according to the 23rd embodiment of the
present invention. The discharge lamp lighting devices according to the
21st, 22nd and 23r;! ‘:embodiments of the invention respectively have the
_similar configurations to those according to the 16th, 17th and 18th
embodiments excépt that they are simplified by excluding the insulated type
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transformer Tr2 as well as the condenser C6, which is disposed at the other
side of the filaments FL1,FL2 of the fluorescent lamp FL, and conné_ct:i.ng
a starting'condenser Cl2 to the one side of the filaments FL1,FL2.

With the configuration as above, their basic functions are the same
as those according to the 16th, 17th and 18th embodiments except that
preheating of the filaments FL1,FL2 is not possible.

Next, the 24th embodiment of the invention is explained referring
to Fig. 26.

_ Fig. 26 is a circuit diagram of a discharge lamp lighting device.
according to the 24th embodiment of the present invention. The discharge
lamp lighting device according to the 24th embodiment of the invention has
the same configuration as that of the discharge lamp lighting device
according to the 21st embodiment except that, as is true in the fourth
embodiment, a series circuit consisting of a condenser Cl1 and a field effect
transistor Q2 is connected in parallel with the second condenser C2 and
that a control circuit 11 is connected to the field effect transistor Q2.

Further, the same effect can be achieved by adding the above
configuration to the 22nd embodiment or the 23rd embodimeht.

Next, the 25th embodiment of the invention is explained referring
to Fig. 27.

Fig. 27 is a circuit diagram of a discharge lamp lighting device
according to the 25th embodiment of the present invention. The discharge
lamp lighting device according to the 25th embodiment of the invention has
the same configuration as that of the discharge lamp lighting device
according to the 21st embodiment except that, as is true in the fifth
embodiment, a thyristor Q3 serving as a short-circuiting means is connected
in antiparallel with the diode D1 and that a control circuit 12 is connected
to a gate of the thyristor 03. _

Further, the same effect can be achieved by adding the above
configuratioh to the 23rd eﬁbodiment. .

Next, the 26th, 27th and 28th embodiments of the invention are
explained referring to Figs. 28 through 30. '

Fig. 28 is a circuit diagram of a discharge lamp lighting device
according to the 26th embodiment of the present invention; Fig. 29 is a
circuit diagram of a discharge lamp lighting device according to the 27th
embodiment of the present invention; and Fig. 30 is a circuit diagram of

a discharge lamp lighting device according to the 28th embodiment of the
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present invention. The discharge lamp lighting devices according to the
26th, 27th and 28th embodiments of the invention respectively have tl;e same
configurations as those according to the 21st, 22nd and 23rd embodiments
except that, in the same manner as the sixth, the seventh and the eighth
embodiments respectively, a diode D6 is connected in parallel with the series
circuit consisting of the charge condenser C3 and the inductor L1 of the
partially smoothed circuit 2.

Next, the 29th embodiment of the invention is explained réferring
to Fig. 31.

Fig. 31 is a circuit diagram of a discharge lamp lighting device
according to the 29th embodiment of the present invention. The discharge
lamp lighting device according to the 29th embodiment of the invention has
" the same confiqguration as that of the discharge lamp lighting device
according to the 26th embodiment except that, as is true in the fourth
embodiment, a series circuit consisting of a condenser Cl1 and a field effect
transistor Q2 is connected in parallel with the second condenser C2 and
that a control circuit 11 is connected to the field effect transistor Q2.

Further, the same effect can be achieved by adding the above
configuration to the 27th embodiment or the 28th embodiment.

Next, the 30th embodiment of the invention is explained referring
to Fig. 32. _

Fig. 32 is a circuit diagram of a discharge lamp lighting device
according to the 30th embodiment of the present invention. The discharge
lamp lighting device according to the 30th embodiment of the invention has
the same configuration as that of the discharge lamp lighting device
according to the 26th embodiment except that , as ‘is true in the fifth
embodiment, a thyristor Q3 serving as a short-circuiting means is .connected
in antiparallel with the diode D1 and that a control circuit 12 is connected
to a gate of the thyristor Q3. '

r-‘urthér, the same effect can be achieved by adding the above
configuration to the 28th embodiment.

Next, load circuits 6 according to the 31st through the 40th
embodiments of the invention are explained referring to Figs. 33 through
42. .

Fig. 33 is a circuit diagram of a load circuit according to the 31st
embodiment of the present invention; Fig. 34 is a circuit diagram of a load

circuit according to the 32nd embodiment of the present invention; Fig.
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35 is a circuit diagram of a 1636 circuit according to the 33rd embodiment
of the present invention; Fig. 36 is a circuit diagram of a load circuit
according ‘to the 34th embodiment of the present invention; Fig. 37 is a
circuit diagram of a load circuit according to the 35th embodiment of the
present invention; Fig. 38 is a circuit diagram of a load circuit according
to the 36th embodiment of the present invention; Fig. 39 is a circuit diagram
of a load circuit according to the 37th embodiment of thé present invention;
Fig. 40 is acircuit diagramofa load circuit accoi‘ding to the 38th embddiment
oflthe“present'invention; Fig. 41 is a circuit diagram of a load circuit
according to the 39th embodiment of the present invention; and Fig. 42 is
a circuit diagram of a load circuit according to the 40th embodiment of
the present invention. A load circuit 6 according to any one of the 31st
through the 40th embddiments of the invention can be used in any of the
discharge lamp lighting devices shown in the first to the 30th embodiments.

A load circuit 6 accordin§ to the 31st embodiment of the invention
includes a secondary winding Trlb of a leakage flux type inverter transformer
Trl, to which a starting condenser C12 and an end of the combination of
the filaments FL1,FL2 of the fluorescent lamp FL are connected.

In the configuration of a load circuit 6 according to the 32nd
embodiment of the invention, a preheating condenser C6 is connected to the
other end of the combination of the filaments FL1,FL2 of the fluorescent
lamp FL of a load circuit 6 of the 31st embodiment.

In the configuration of a load circuit 6 according to the 33rd
embodiment of the invention, a primary winding Tr2a of an insulated type
transformer Tr2 is connected through a ballast L4 to said load circuit 6;
an end of the combination of the filaments FL1,FL2 of the fluorescent lamp
FL is connected to a secondary winding 'rr2b- of said transformer Tr2; and
a condenser C6 is connected to the other end of said combination of the
filaments FL1,FL2. '

Further , @ load circuit 6 accordin§ to the 34th embodiment is a load
circuit as described in the 33rd embodiment, except that a condenser C12
is connected to the secondary winding Tr2b of the transformer Tr2 and that
the condenser C6 is excluded. '

Further, a load circuit 6 according to the 35th embodiment is a load
circuit as described in the 34th embodiment, except that a condensgr Cé6
is disposed between and connected to the other ends of the.respective

filaments FL1,FL2 of the fluorescent lamp FL.
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In the configuration of a load circuit 6 according to the 36th
embodiment of the invehtion, a secbndary winding Tr2b of an insulated type
transformér Tr2 is connected through a ballast L4 to said one end of the
combination of the filaments FL1,FL2 of the fluorescent lamp FL; and a
condenser CG is connected to tﬁe other end of said combination of the
filaments FL1,FL2. |

In the configuration of a load circuit 6 according to the 37th
embodiment of the invention, instead of the conden.ser C6 of the load circuit
6 according to the 36th embodiment of the inveni::i.on, a condenser Cl2 is
connected to the one end of the combination of the filaments FL1,FL2.

In the configuration of a load circuit 6 according to the 38th
embodiment of the invention, a condenser C6 is connected to the other end
of the combination of the filaments FL1,PFL2 of the load circuit 6 according
to the 37th embodiment.

In the configuration of a load circuit 6 according to the 39th
embodiment of the invention, a ballast L4 and a primary winding Tr2a of
an insulated type transformer Tr2 are connected to a resonant inductor L3,
and a secondary winding Tr2b thereof is connected to a condenser C12 and
the one end of the combination of the filaments FL1,FL2 of the fluorescent
light FL.

~ In the configuration of a load circuit 6 according to the 40th
embodiment of the invention, a condenser C6 is connected to‘the other end
of the combination of the filaments FL1,FL2 of the load circuit 6 according
to the 39th embhodiment.

Next, a discharge lamp lighting device according to the 4l1st
embodiment is ei:plained hereunder, referring to Figs. 43 and 44.

Fig. 43 i; a circuit diagram of a discharge lamp lighting device
according to the 41st embodiment of the invention, wherein a low pass filter
21 adapted to remove harmonics of an inductor L21 and a condenser C21 is
connected to a commercial AC power supply e, an input terminal of a full-wave
rectifying circuit 1 serving as a rectifying means for a diode bridge is
connectéd to the low pass filter 21 ,' and a condenser C22 for removing
harmonics is connected to én output terminal of the full-wave rectifying
circuit 1. | o

The condenser C22 is also connected to 5 partially smoothed circuit
2, which includes a series circuit consisting of a charge condenser C3,

an inductor L1 and a first diode D2. Also included in the partially smoothed
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circuit 2 are a second diode D3 and a third diode D6, the second diode D3
connected to the connecting point of the inductor L1 and the first diode
D2, and the third diode D6 connected in parallel with a series circuit
consisting of the inductor L1 and the charge condenser C3.

Connected to the partially smoothed circuit 2 is an inverter circuit
3, which comprises a parallel resonance circuit 4 and a collector-emitter
of a transistor Q1 that sexrves as a switching element, the parallel resonance
circuit 4 consisting of a resonance inductor L3 and a first resonance
condenser C4. A control circuit (not shown) is connected to the base of
the transistor Ql. |

Filaments FL1, FL2 of a fluorescent lamp LF serving as a discharge
lamp are connected through a ballast L4 to the resonance inductor L3, and
a starting condenser C6 is connected to the filaments FL1, FL2.

' Furthermore, a load circuit 6 is comprised of the fluorescent lamp
FL and other elements. '

Next, the function of the embodiment described above is explained
hereunder, referring to Fig. 44.

When the inverter circuit 3 is actuated to oscillate upon switching-on
of the transistor Ql, resonance of the resonance inductor L3 and the
resonance condenser C4 generates a high frequency voltage, thereby inducing
a high frequency voltage on the resonance condenser C4.

When the transistor Q1 of the inverter circuit 3 is switched on in
an arbitrary time period in the range where the voltage of the pulsating
current in the full-wave rectifying circuit 1 is higher thén the charge
voltage of the charge condenser C3, electric current flows along the path
consisting of the charge condenser C3, the inductor L21, the second diode
D3, the transistor Q1 and the full-wave rectifying circuit 1 so that the
charge condenser C3 is charged. Aas a result, charge current ID3 flows into
the second diode D3. In the high-voltage range of the full-wave rectifying
circuit 1, there is no discharge of current from the changi:_ng condenser
C3 to the inverter circuit 3. When the transistor Q1 is swit'iéhed off, the
magnetic energy stored in the inductor L21 permits current to continue to
- flow into the inductor L21. Therefore, electric current ID6 for charging
the charge condenser C3 flows along the path consisting of the charge
condenser C3, the inductor L21 and the third diode D6.

When the third diode D6 is in the ‘on’ state, the voltage whose value

is produced by deducting the voli:age charged on the charge condenser C3
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from the voltage at both ends of the condenser C22 is applied to the first
diode D2 so that the voltage having the same waveform as the volta’ge vD2
as shown in Fig. 44 is applied to the first diode D2. As the amount of the
current flown into the second diode D3 is thus reduced by the third diode
D6, the elements can be made compact according to the above configuration.

In an arbitrary t_:i.me period in the range where the voltage of the
pulsating current in the full-wave rectifying circuit 1 is lower than the
voltage charged on the charge condenser C3, discharge from the charge
condenser C3 causes the inverter circuit 3 to function.

Next, the 42nd embodiment is explained, referring to Figs. 45 and
46. ' '

Fig. 45 is a circuit diagram of a discharge lamp lighting device
according to the 42nd embodiment of the invention, which has the same
configuration as that of the 4l1st embodiment except that, instead of a
condenser C22, a first condenser Cl having a relatively large capacity is
included and that a series circuit consisting of a diode dl and. a second
condenser C2, which has a capacity smaller than that of the first condenser
Cl, is connected in parallel with the first condenser Cl.

Next, the function of the 42nd embodiment is explained, referfing
to Fig. 46. ,

When the inverter circuit 3 is actuated to oscillate as a result of
the switching-on of the transistor Ql, resonance between the resonance
condenser C4 and the resonance inductor L3 generates a high frequency voltage,
thereby inducing a high frequency voltage on the resonance inductor L3. '

When the transistor Q1 is switched on, electric current flows to the
resonance inductor L3 while electric current also flows through the charge
condenser C3, the inductor Ll and the diode D3 so that the charge condenser
C3 is charged. The device is adapted to store in the charge condenser C3
DC voltage lower than the peak voltage of the pulsating current from the
full-wave reétifying circuit 1.

Now, explanation is inen of the range where the voltage of the
pulsating current from the full-wave rectifying circuit 1 is higher than
the charge voltage of the charge condenser C3 and the range where the former
is lower than the latter. | _

When the transistor Q1 of the inverter circuit 3 is switched on in
an arbitrary time period in the range where the voltage of the pulsating

current in the full-wave rectifying circuit 1 is higher than the charge
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voltage of the charge condenser C3, electric current is supplied to the
resonance inductor L3 maxnly from the first condenser Cl and partly from
the second condenser C2. The combined capacity of the first and second
condenser C1,C2 is sufficient to give an energy required by the inverter
circuit 3. Energy corresponding to the current supplied from the first
condenser Cl1 and the second condenser C2 flows in the form of input current
from the commercial AC power supply e. In accordance with changes in voltage
of the pulsating current, the device so functions as to cope with switching
actions of the transistor Q1 so that, along with increase in value of AC
voltage sinusoidal waves the slight and uniform amplitude of high frequency
waves produced by the inverting action of the inverter circuit 3 is
superimposed over the entire range where the voltage on the full-wave
rectifying circuit 1 is high.

In the range where .the voltage on the full-wave rectifying circuit
1 is high, the combined value of respective voltages on the first condenser
C1 and the second condenser C2 corresponds to such a value of the energy
given by the supplied pulsating current voltage that said energy satisfies
the energy required by the inverter circuit 3.

Therefore, both the first and second condensers C1,C2 produce only
minimal ripples and heat and are ensured to more reliably function.

In the range where the voltage on the full-wave rectifying circuit
1 is high, the charge condenser C3 is charged during the period when the
transistor Q1 is on. In the high-voltage range of the full-wave rectifying
circuit 1, there is no discharge of current frém the changing condenser
C3 to the inverter circuit 3. To explain it in more detail, when the
transistor Q1 is switched on, electric current flows along the path
consisting of the charge condenser C3, the inductor L1, the second diode
D3 and the transistor Ql so that the charge condenser C3 is charged. ﬁhen
the transistor Q1 is switched off, the magnetic energy stored in the inductor
Ll permits current to continue to flow into the inductor L1. Therefore,
electric current for charging the charge condenser C3 flows along the path
consisting of the charge condenser C3, the inductor L1 and the third diode
D6. When the third diode D6 is in the ‘on’ state, the voltage whose value
is produced by deduct'i'ng the voltage charged on the charge condenser C3
from the voltage at both ends of the condenser C2 is applied to the first
voltage D2 so that the voltage having the same waveform as the voltage VD2

is applied to the first diode D2. As current flown into the second diode
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D3 is thus reduced by the third diode D6, the elements can be made compact
according to the above configuration. i

In the range where the voltage on the full-wave rectifying circuit
1 is low, when the transistor Q1 is turned on at the beginning of decrease
in pulsating current sinusoidal voltage in the full-wave rectifying circuit
1 witli respect to the voltage charged on the charge condenser C3, the electric
current to the inverter circuit 3 is sdpplied from the second condenser
C2 at first so that electric current flows along the path consisting of
the second condenser C2, the resonance inductor L3 and the transistor Ql
as well as along the path consisting of the ballast L4, the fluorescent
lamp FL and the transistor Ql. At that time, the voltage on the second
condenser €2 decreases with the increase of the flowing through the
transistor 0l. When the voltage on the second condenser C2 becomes lower
than the output voltage of the full-wave rectifying circuit 1, in other
words the voltagé on the first condenser Cl, the current to the inverter
circuit 3 flows to the first condenser Cl, the resonance inductor L3 and
the transistor Ql. |

Meanwhile, due to a transient impedance of the inductor L1, the
voltage charged oh the charge condenser C3 delays discharging energy so
that energy discharge is done just before the transistor Q1 is switched
off. When the transistor Q1 is switched off, the charging voltage on the
inductor L21 becomes the source of power supply, and current flows along
the path consisting of the charge condenser C3, the second condenser Cc2
and the first diode D2, thereby discharging the second condenser C2. As
a result of the resonance between the inductor L1 and the second condenser
C2, the voltage on the charge condenser C3 is superimposed over the resonance
voltage, thereby producing a voltage waveform shown in Fig. 46, which is
close to that of a DC voltage, with the voltage corresponding to the maximum
instantaneous voltage of the commercial AC power supply e being
approximatelj equal to the minimum instantaneous voltage.

When the voltage on the first condenser Cl decreases with respect
to the charge voltage on the charge condenser C3, input current continues
to flow in, because the diode D1 prevents the elecfric charge on the charge
condenser C3 from flowing into the first condenser Cl so that current flows
from the full-wave rectifying circuit 1. As this current flows through the
low pass filter 21, the input current waveform Iin approaches' the input’

voltage waveform vin as shown in Fig. 46. Thus, the device according to
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the present embodiment is capable of reducing high harmonics.

Next, the 43rd embodiment is explained, referring to Fig. a7.

Fig. 47 is a circuit diagram of a discharge lamp lighting devicé
according to the 43rd embodiment of the invention, which has the same
configuration as that of the 41st embodiment except that a second condenser
C2 is connected in parallel with the diode D1l.

'Next, the 44th embodiment is explained, referring to Fig. 48.

Fig. 48 is a circuit diagram of a discharge lamp lighting device
according to the 44th embodiment of the invention, which has the same
configuration as that of the 42nd embodiment except that the diode D1 is
excluded and-that the full-wave rectifying circuit 1 is disposed between
the first condenser Cl and the second condenser C2 and connected thereto.

By excluding the diode D2 as above, the structure of the circuit can
be simplified whiie maintaining the basic functions essentially unchanged.

Further, the 45th embodiment is explained, referring to Fig. 49.

Fig. 49 is a circuit diagram of a discharge lamp lighting device
according to the 45th embodiment of the invention, which has the same
configuration as that of the 41st embodiment except that a control circuit
22 is included. The control circuit 22 includes a starting resistance R1
connected to the base of the transistor Ql, and a detection winding CTla
of a current transformer CT1 disposed between the resonance inductor L3
and the filament FL2 of the fluorescent lamp FL and connected thereto,
wherein an output winding CT1lb of the current transformer CT1 is connected
through a condenser C25 to the base and the emitter of the transistor Ql. _
A series circuit consisting of a condenser C26 and a field effect transistor
Q02 is connected in parallel with the condenser C25, and a time constant
circuit 23 is connected to said field effect transistor Q2. Further, between
the base and the emitter of the transistor Q1, a series circuit consisting
of a diode D12 and a resistance R2 is disposed and connected thereto.

Next, .the function of the 45th embodiment is explained hereunder.
A device according to the 45th embodiment essentially functions in the same
manner as the 41st embodiment.

According to the 45th embodiment described above, prior to aci:uation
of the inverter circuit 3, the field effect transistor Q2 is turned off
by the time constant circuit 23, therebf reducing the apparent combined
capacity of the condenser C25 and the condenser C26 to increase the

oscillation frequency of the inverter circuit 3 so that the output of the
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inverter circuit 3 is reduced. After the charge condenser C3 is sufficiently
charged, the field effect transistor Q2 is turnéd on to increase the api:arent
combined capacity of the condenser C25 and the condenser C26 so that the
inverter circuit 3 functions at a normal output level. '

By actuating the inverter circuit 3 after the charge condenser C3
is sufficiently charged as described above, a high peak current is prevented
from flowing into the inductor L1, the second diode D3, the third diode
D6 and the transistor Ql. By thus protecting the transistor Q1 and other
elements from stress, the embodiment enables the reduction of the sizes
of those elements through reducing the capacity of withsfanding voltage.
Under normal circumstances, the condensers C25,26 ensure the device to
function without the danger of a decrease in efficiency. |

Further, the same effect can be achieved by connecting a control
circuit 22 to any one of the 42nd, 43rd and 44th embodiments.

Next, the 46th embodiment is explained, referring to Fig. 50.

Fig. 50 is a circuit diagram of a discharge lamp lighting device
according to the 46th embodiment of the invention, which has the same
configuration as that of the 41st embodiment except that a field effect
transistor Q4 is included as a switching element and that a control circuit
25 is connected to said field effect transistor Q4. In addition, an
auxiliary charging circuit 26 is connected to the control circuit 25, the
auxiliary charging circuit 26 including a series circuit that consists of
a resistance R5 and a field effect transistor Q5 serving as a switch and
is connected to the connecting point of the charge condenser C3 and the

“inductor Ll.

Next, the function of the 46th embodiment is explained hereunder.
A device according to the 46th embodiment essentially functions in the same
manner as the 4lst embodiment.

According to the 46th embodiment described above, prior to actuation
of the field éffect transistor Q4, the control circuit 25 turns on the field
effect transistor 05. Then, after the charge condenser C3 is sufficiently
charged, the control circuit 25 turns off the field effect transistor Q5
and turns on the field effect transistor Q4, thereby actuating the inverter
circuit 3.

By starting the function of the inverter circuit 3 after the charge
condenser C3 is sufficiently charged as desc;ibed above, a h:‘Lgh peak current

is prevented from flowing into the inductor L1, the second diode D3, the
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third diode D6 and the transistor Q1. By thus protecting the transistor
Q1 and other elements from stress, the embodiment .enables the red;lcti.on
of the sizés of those elements through reducing the capacity of withstanding
voltage. 1In addition, as the control circuit 25 is adapted to control both
field effect transistors Q4,05, the control is easy. Furthermore-, as the
auxiliary charging circuit 26 does not function under normal circumstances,
there is no danger of a decrease in efficiency.

Further, the same effect can be achieved by connecting a control
circuit 22 to any one of the 42nd, 43rd and 44th embodiments.

Next, the 47th through the 50th embodiments of the invention are
explained, referring to Figs. 51 through 54. _

Fig. 51 is a circuit diagram of a load circuit according to the 47th
embodiment of the present invention; Fig. 52 is a circuit diagram 6£ a load
circuit according to the 48th embodiment of the present invention; Fig.
53 is a circuit diagram of a load circuit according to the 49th embodiment
of the present invention; and Fig. 54 is a circuit diagramof a 1§ad circuit
according to the 50th embodiment of the present invention. Any one of these
embodiments can be used in any of the 41st through the 46th embodiments.

According to the 47th embodiment of the invention, a leakagé flux
type transformer Trl is used instead of the resonance inductor L3 and the
ballast L4, with its primary winding Trla connected to the resonance
condenser C4, and the secondary winding Trlb connected to an end of the
combination of the filaments FL1,FL2 of the fluorescent lamp FL.

According to the 48th embodiment of the invention, a close-coupled
transformer Tr2 is used instead of the resonance inductor L3, with its
primary winding Tr2a connected to the resonance condenser C4, and the
secondary winding Tr2b connected through the ballast L4 to the one end of
the combination of the filaments FL1,FL2 of the fluorescent lamp FL.

According to the 49th embodiment of the invention, instead of the
starting con&enser C6 which is connected to the other end of filaments FL1,
FL2 according to the 47th embodiment, a starting condenser C31 is connected
to the one end of the combination of the filaments FL1, FL2.

According to the 50th embodiment of the invention , instead of the
starting condenser C6 which is connected to the other end of filaments FL1,
FL2 according to the 48th embodiment, a starting condenser C31 is connected
to the one end of the combination of the filaments FL1, FL2.

~ Further, in any one of the embodiments described above, the
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fluorescent lamp FL is not limited to a single lamp, and the same effect

can be achieved by connecting a plurality of lamps in series or in par.allel.
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CLAIMS .
1. A power supply device including:

a rectifying means for rectifying alternating current from an AC power
supply; | |

a first condenser connected in parallel with an output terminal of
said rectifying means;

a diode connected in series in the normal polarity with an end of
said first condenser;

a second condenser connected in parallel with said first condenser
'through said diode; '

a partially smoothed circuit which includes an inductance ele,menf
and a charge condenser and is connected in parallel with said second
condenser, the second condenser adapted to charge said charge condenser
at a voltage lower than the maximum instantaneous voltage output from the
rectifying means; and

an inverter circuit which includes a parallel resonance circuit, a
switching element and a second resonance condenser and is connected in
parallel with said partially smoothed circuit, said parallel resonance
circuit having a first resonance condenser and a resonance inductor, said
switching element connected in series with said parallel resonance circuit,
said second resonance condenser connected in parallel with said switching
element, and thus structured inverter circuit adapted to generaté high
frequency voltage by means of switching actions of said switching element.
2. A power supply device including:

a first condenser connected to an AC power supply;

a rectifying means connected to said first condenser;

a second condenser connected to said rectifying means;

a partially smoothed circuit which includes an inductance element
and a chargé condenser and is connected in parallel with said second
condenser, the second condenser adapted to charge éa:i.d charge condenser
at a voltage lower than the maximum instantaneous voltage output from said
rectifying means; and | o

an inverter circuit which includes a parallel resonance circuit, a
switching element and a second resonance condenser and is connected in
pafallel with said partially smoothed circuit, said parallel resonance

circuit having a first resonance condenser and a resonance inductor, said
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switching element connected in series with said parallel resonance circuit,
said second resonance condenser connected in parallel with said swi'tching
element, and thus structured inverter circuit adapted to generate high
frequency voltage by means of switching actions of said switching element.
3. A power supply device including: |

arectifying means for rectifying alternating current from an AC power
supply;

a first condenser connected in parallel with an output £ermina1 of
the rectifying means;

a diode connected to said first condenser; _

a second condenser connected in parallel with said diode;

a partially smoothed circuit which includes an inductance element
and a charge condenser and is connected in parallel with said first condenser
through said second condenser and the diode, said second condenser adapted
to éharge said charge condenser at a voltage lowér than the maximum
instantaneous voltage output from said rectifying means; and

an inverter circuit which includes a parallel resonance circuit, a
switching element and a second resonance condenser and is connected in
parallel with said partially smoothed circuit, said parallel resonance
circuit hav:i.ng a first resonance condenser and a resonance inductor, said
switching element connected in series with said parallel resonance circuit,
said second resonance condenser connected in parallel with said switching
element, and thus structured inverter circuit adapted to generate high
frequency voltage by means of switching actions of said switching element.
4. A power supply device as claimed in claim 1 or claim 3, wherein said
power supply device includes a short-ciﬁcuiting means adapted to
short-circuit the diode in accordance with an output level of the rectifying
means. |
5. A power supply device as claimed in any one of the claims from claim
1 to claim 4, wherein said power supply device includes a capacity varying
means for changing the capacity of the second condenser.
6. A power supply device as claimed in any one of the claims from claim
1 to claim 5, wherein the first resonance condenser and the second resonance
condenser have nearly thé same capacities. '
7. A power supply device inclt.zd:i.ngz

a rectifying means for rectifying alternating current from an AC power

supply;
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an inverter circuit which includes a parallel resonance circuit
comprising a resonance condenser and a resonance inductor, and a swi.-tching
element connected in series with said parallel resonance circuit, said
inverter circuit adapted to generate high frequency voltage by means of
switching actions of said switching element; and

a partially smoothed circuit which includes a series circuit
consisting of an inductor, a charge condenser and a first diode, a second
diode, and a third diode, said charge condenser adapted to be charged at
a voltage lower than the maximum instantaneous voltage output from said
rectifying means, said first diode connected in such a polarity as to
correspond to that.of discharge current from said charge condenser, said
second diode disposed between and connected to said switching element and
the combination of said inductor and said first diode in.such a polarity
as to permnit current for charging the charge condenser to flow therethrough,
and said third diode connected in parallel with said charge condenser and
said inductor in such a polarity as to permit magnetic energy accumulated
in the indﬁctor to flow to the charge condenser when the charge condenser
is charged.
8. A power supply device including:

a rectifying means for rectifying alternating current from an AC power
supply;

a first condenser connected in parallel with an output terminal of
said rectifying means;

a diode connected in series in the normal polarity with an end of
said first condenser; _
' a second condenser connected in parallel with said first éondenser
through said diode;

an inverter circuit which includes a parallel_resdnance circuit
comprising a resonance condenser and a resonance inductor, and a switching
element conﬁected in series with said parallel resonance circuit, said
inverter circuit adapted to generate high frequency voltage by means of
switching actions of said switching element; and

a partially smoothed circuit which includes a series circuit
consisting of an inductor, a charge condenser and a first diode, a second
diode, and a third diode, said charge condenser adapted to be charged at
a voltage lower than the maximum instantaneous voltage output from said

rectifying means, said first diode connected in such a polarity as to
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correspond to that of discharge current from said charge condenser, said
second diode disposed between and connected to said switching element and
the combirnation of said inductor and said first diode in such a polarity
as to permit current for charging said charge condenser to floﬁ-thereth:@ugh,
and said third diode connected in parallel with said charge condenser and
said inductor in such a polarity as to permit magnetic energy accumulated
in said inductor to flow to said charge condenser when said chargé condenser
is charged.
9. A power supply device including:

a first condense.r connected to an AC power supply;

a rectifying means connected to said first condenser;

a second condenser connected to said rectifying means;

an inverter circuit which includes a parallel resonance circuit
comprising a resonance condenser and a resonance inductor, and a switching
element connected in series with said parallel resonance circuit, said
inverter circuit adapted to generate high frequency voltage by means of
switching actions of said switching -element; and

a partially smoothed circuit which includes a series circuit
consisting of an inductor, a charge condenser and a first diode, a second
diode, and a third diode, said charge condenser adapted to be charged at
a voltage lower than the maximum instantaneous voltage output from said
rectifying means, said first diode connected in such a polarity as to
correspond to that of discharge current from said charge condenser, said
second diode disposed between and connected to said.sw:i.tching element and
the combination of said inductor and said first diode in such a polarity
as to permit current for charging said charge condenser to flow therethrough,
and said third diode connected in parallel with said charge condenser and
said inductor in such a polarity as to permit magnetic energy accumulated
in said inductor to flow to said charge condenser when said charge condenser
is cha'rged..
10. A power supply device including:

a rectifying means for rectifying alternating current £rom an AC power
supply;

a first condenser connected in parallel with an output terminal of
said rectifying means;

a diode comiect'ed to said first condenser;

~a second condenser connected in parallel with said diode;
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an inverter circuit which includes a parallel resonance circuit
comprising a resonance condenser and a resonance inductor, and a swi.'tching
element connected in series with said parallel resonance circuit, said
inverter circuit adapted to generate high frequency volfage by means of
switching actions of said switching element; and

a partially smoothed circuit which includes a series circuit
consisting of an inductor, a charge condenser and a first diode, a second
diode, and a third diode, said charge condenser adapted to be charged at
a voltage lower than the maximum instantaneous voltage output from said
rectifying means, said first diode connected in such a polarity as to
correspond to that of discharge current from said charge condenser, said
second diode disposed between and connected to said switching element and
the combination of said inductor and said first diode in such a polarity
as to permit current for charging said charge condenser to f£low therethrough,
and said third diode connected in parallel with said charge condenser and
said inductor in such a polarity as to permit magnetic energy accumulated
in the inductor to flow to the charge condenser when the charge condenser
is charged.
11. a éower supply device as claimed in any one of the claims from claim
7 to claim 10, wherein said power supply device includes a control circﬁit
adapted to set the frequency at which said inverter circuit is driven so
that the frequency is higher when the circuit starts to oscillate than du.ring
the normal operating period. _
12. A power supply device as claimed in any one of the claims from claim
7 to claim 11, wherein said power supply device includes an auxiliary
charging circuit adapted to charge said charge condenser by the time said
inverter circuit initiates oscillation.
13. A discharge lamp lighting device including:

a power supply device as claimed in any one of the claims from claim
1 to claim 12; and

a discharge lamp or discharge lamps connected to said power supply

device.
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