Power Suppl y DeV| ce and Di scharge Lanp Li ghting Device The pr esent q%‘f/olm'_g
invention relates to a power supply device and a discharge lanp lig

devi.ce. An exanpl e of conventional discharge |anp |lighting devices o [ 57 7
type is disclosed in Japanese Patent Lai d-open No. 211774-1993, wherein a
full -wave rectifying circuit- is connected to a comerci al AC power supply,
and a parfewey| SupplyDevdcei and iDischareae Iampplighting Devdésence condenser- and
an inverter transforner, and a transistor are connected in series w-th an
output termnal of the full -wave rectifying circuit, thereby formng an

i nverter circuithe'pressasiinvention galates g aprwertiuRplyi device andi v Aisoharedes
a series y cgighgg“g)rdegl,_gg a charge condenser, an inductor and a first

di ode, and al so i ncludes a second di ode dlsposed bet ween and connected the
first diode and the transistor is connected to the full- wave rectifying

circuit, whilepan bk fs 08 éonviiiR ibAal WIAeRhESe tlgmbhﬁgxmﬁ t&éut«.re%nsé QAR -
Wth the configuration as_ above, the fluorescent IS a ted to be

turned ortREe hsAigrkased,in Jananess, ?%?ﬂ“‘b}’al’réa?ge‘b Ohj aﬁl'f’r @f¢ywherein
swWi t chi NG gh11fiavie A i¥yehg ciRheb s dUhineBEd RbG ol Rt Ao Youwed i yon

the inverter transfornmner.
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. _ e

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 :.nverter circuit, with its power
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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 fornmed by the full-wave rectifying circuit, the charge
condenser, the second diode, the transisor and back to the full-wave
rectlfylng circuit. Wien the transistor is turned off, the magnetic ener y
of the i nduct oPuecte ianidasusficinnt; [Vodtage tfroms shenehananicondprsexr and tnd

magnet i 99@%%1\/1,6“ Fkbﬁhéé‘%%%t' Shéleva" Ré. dimaiesorlﬂugi i19dRtisg [devied

off so th tage on the transistor IS ap

g to the second di (1
At that disslosgdin dapenese Rakentlais-oPsh Nor 234- aermﬁpf«rfee&ﬁsmese'a%
vol tage Il g"‘ﬁéstéﬂ%tt lBecPot put vol tage of the full -vvave rectifying ci rcw t
is charged 1nto the charge condenser.  Wen the |r] ol t ecomes

otf iy h

wer
than the char gFHgtheMmozse When ke Lrapgistor, yas sui "Pﬁ ﬁ&ﬁ&gﬁﬁere
di schar gqge!difarglaionadnEes 8 cHargedy tnelitadnet st clied? oFehd m‘xmm
the inverter circuit. Thus, a volgﬁge which js_virtually Q'I_'tag&l
suppl i ed the CHETeMYy cyhigh Jlomsd; thypygh | the p’o‘Wé’r"tPﬁcFBP ﬁﬁf%?fid he charge
appr oxi NRdo@ki¥ne® 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
first 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 feed:.ng input current from the

first and second condensers when the output level of the rectifying means



2 Due to an insufficient voltage fromthe charge condenser and the
partially smothed circuit, however, the discharge |anp |ighting device

di scl osed in Japanese Patent Laid-open No. 211774-1993 presents sone
problemin its crest factor. Furthernore3 when the transistor was swtched
off in the range where the tharge condenser is charged, the magnetic energy
of the i heusfwivapentitosorHeigherr than Whiecgharasdaveh ooy bhe (Ghargs RRAASASSR .
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alternating current froman AC power supply; a first condenser connected
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



in parallel with an input termnal of the rectifying neans; 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 partiallygsnmothed circuit which includes an
i nductance el ement and a charge condenser and is connected in parallel wth
sai g sec (yadee@iquge la, £id¥t comiEndeccuiorcted ddparedlebwihhrgeinmitoteningd
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current fr rst and second condensers when the qutput |evel of the
rectifyi mpsosance 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 outpﬁt 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



3 is equivalent to or higher than the charge | evel on the charge condenser,
and feeding current fromthe partially snoothed circuit when the out put

| evel of the rectifying neans is |ower than the charge | evel on the charge
condenser, the inverter circuit causes tge parallel resonance circuit and

t he second resonance condenser to resonate by means of swi tching actions of
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second condenser, the second condenser adapted to char e said charg
condenseconnegted|in geriescwith fhe parahie SoR3PSRt %ﬂﬂ‘&ﬂié” ry SPf‘%g’e“‘fﬁﬁtﬁﬁt

fromt her_QﬁLj_{ yd.tﬁg)ted 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



nmeans; and -an inverter circuit which includes a parallel resonance circuit,
a switching el enent and a second resonance condenser and is connected in
parallel with said partially smoothed circuit, said parallel resonance
circuit having a first resonance condensgr and a resonance inductor, said
swi tching el ement connected'in series with the parallel resonance circuit,
the secoad emd (ufaaahd cirséncendanzens ca cxedondpeerdenserypennadtedsip tRayadel
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factor. ghan the maximum instantaneous voltage output from the rect:.fyi.ng 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. '.l'herefore, 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 yet another feature thereof, the present invention includes a
rectifying means for rectifying alternating current froman AC 4 power
supply; a first condenser connected in parallel with an input term nal of
the rectifying neans; a diode connected tp said first condenser; a second
condenser connected in paraliel with the diode; a partially snoothed
circuit which iasxarddsgao amctlvirafiextwiectisnteofnctle thesrgd onoidngles afilirsts
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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 -



parallel with the switching el enent, and thus structured inverter circuit
adapted to generate high frequency voltage by neans of sw tching actions of
the switching elenent. Wth the configuration as above, by feeding input
current fromthe first and second condensgrs when the output |evel of the
rectifying neans is equivalent to or higher than the charge | evel on the
char ge cotbeidsductandan bedhng reduced; thesizeseoftheseadomposantd &atlbeireducéd
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resonance point. According to another feature 't , the i1 nvention
i ncl udes @ 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



capacity varying means for changing the capacity of the second condenser.
By optimzing 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.
| ow, hi gh harnonics can be further reducegl. According to another feature of
the invention, the first resonance 5 condenser and the second resonance
condenserdinsirgg rthay [chakying opeer idp anidt ithatsallhéhe avémigergenﬁﬁaf)&edon the
wavef orm LS. i.d : éco ding to_another feature,thereof, .t i,nventjon
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condensercontrol 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;



and a first diode, a second diode, and a third diode, the charge condenser
adapted to be charged at a voltage |ower than the maxi num i nstant aneous

vol tage output fromthe rectifying nmeans, the first diode connected in such
a polarity as to correspond to that of digcharge current fromthe charge
condenser, the second di ode di sposed between and connected to said
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SWi t chi NtaRiRARAG &E N2t RN emBYE{kdlit\Gf he PRBLent 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 embodiment 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



Is swtched off is applied to the second di ode. Therefore, as voltage
applied to the first diode and the inductor can be thus reduced, the sizes
of these conmponents can be reduced through reducing their capacity of
wi t hstandi ng vol tage. According to anothgqn feature thereof, the invention
I ncludes a rectifying neans for rectifying alternating current froman AC
power supt;#vgiceaatwmirmmdeaszﬁth:@mbeéiwﬁ wfpshel prisemtt hnmﬁirqmt Fig. 32
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actions of the SMAtChIng el ement; and a partially snoothed circuit which
i ncl udes accarding to 2 33rd eggﬁgj.rgqqfngf 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



of an inductor, a charge condenser and a first diode, a second diode, and a
third di ode, the charge condenser adapted to be charged at a voltage | ower
t han the maxi mum i nst ant aneous voltage output fromthe rectifying neans,
the first diode connected in such a polarjoty as to correspond to that of

di scharge current fromthe charge condenser, the second di ode di sposed

bet ween atd & G0HIC eabiodimeasi dfsthé Qgiresgne tnwsdtisond t he conbi nati on of the
i nductor and the first diode in such a polarity as to permt current-for
charging the charge condenser to flow therethrough, and the third di ode
connected i n paNex%elthei phnfmr@ttépgeotmdeweerswpayt devigedactordinyg toctha
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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



vol tage charged on the inductor through the third diode is returned to the
charge condenser, and when the switching elenent is switched off during the
chargi ng period of the charge condenser, the nagnetic energy of the

i nductor further charges the charge condgqgser along the path fromthe

I nductor through the third diode to the charge condenser so that electric
current fChHwgenevatés asbighdfréquescy vol tialgel, cthdrebynwindieing el kigintfrequetcy
during t ' peri . t age generated on the
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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
Cl.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



a resonance condenser and a resonance inductor, and a sw tching el enent
connected in series with the parallel resonance circuit, said inverter
circuit adapted to generate high frequency voltage by neans of sw tching
actions of the switching elenent; and a pgartially snoothed circuit which

I ncludes a series circuit consisting of an inductor, a charge condenser and
a first @nodarn thé highdvdlitade, ranyge af ttherthlli-edee relebifintngeirornidehs dhere
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the char %rwgw'ber 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 condeqsers, i. e. the first

resonance condenser C4 and the second resonance condenser C5. The resonance

éurrer_lt flows along a path formed by the second resonance condenser C5,_



and feeding current fromthe partially snmoothed circuit when the out put

| evel of the rectifying neans is | ower than the charge | evel on the charge
condenser, the inverter circuit causes the parallel resonance circuit and
the second resonance condenser to resonajg by neans of switching actions of
the switching el enent, thereby reducing high harnonics. Further, voltage
char ged ahet peimadyceiMding mrdh bdifc thii idverttae tansébmmecdTtl, tthe ceopnd
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reduced 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



t hrough reducing their capacity of w thstanding voltage. According to
anot her feature thereof, the invention includes a rectifying neans for
rectifying alternating current froman AC power supply; a first condenser
connected in parallel with an output terggnal of the rectifying means; a
di ode connected to the first condenser; a second condenser connected in
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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



connected in parallel wth the charge condenser and the inductor in such a
polarity as to permt nmagnetic energy accunmulated in the inductor to flow
to the charge condenser when the charge condenser is charged. Wth the
configuration as above, by feeding input gurrent fromthe first and second
condensers when the output |evel of the rectifying neans is equivalent to
or hi gherwheéxe, foe e?mupge. | thee Lamp cuheemh@tfgae:dmquntalﬁhﬁ Ebdimyeases,
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charging period of the charge condenser, the magnetic energy o
i nduct or PEFEFENG A theLifkh embodiment addnviates Load eppling ho therhnansistor
i nduct or pfifough the third diode to the charge condenser so that electric

current flows to the second di ode onI¥ while the switching elenent is on
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 third
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 thus 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



9 during the charging period and that all the voltage generated on the
switching el enent when the switching elenent is swtched off is applied to
t he second di ode. Therefore, as voltage applied to the first diode and the
i nductor can be thus reduced, the sizes q@§ these conponents can be reduced
t hrough reducing their capacity of w thstanding voltage. According to
anot her fexdiodisenticac@irieslvdricaye rwhsmsthty ofl aomdensér ollandaufieltieffent
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- 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



time the-inverter circuit initiates oscillation. As the charge condenser is
charged by the auxiliary charging circuit before the inverter circuit
initiates oscillation, stress on the switching elenment is reduced.
According to another feature thereof, thgginvention includes a discharge
| anp connected to a power supply device according to the present invention
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present |gwGilils@Br 02 is connected in parallel with the second condenser €2 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



10 Fig. 9 is a circuit diagramof a discharge lanp |ighting device
according to a 7th enbodi nent of the present invention; Fig. 10 is a

circuit diagramof a discharge |anp |ighting device according to an 8th
enbodi ment of the present invention; Figg 1l is a circuit diagramof a

di scharge lanp lighting device according to a 9th enbodi ment of the present
i nvent i oeiréair cbiisisting iofCthé dhaageacowdenseti €3 hard)eheaimpdddtyint Lhpflehece

accordi ng_t Ot h eppodi nent .of ,t he present invention; Fig. 13 is-a
circuit gFﬁﬁ*%ﬁﬁ%F‘&°§$§£ﬁﬁf§ lga%b li ghting device according to an 11th
enbodi ment of Naztprehechoth renbodinent fof) thédinwentionr ¢si ¢xpliadgednrefierxing
discharggﬁlg1 Iifﬂuing devi ce according to a 12th enbodi nent of the
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present vention;" Fig. 15 is a circuit diagram of a discharge | anp
| i ghting devi c@igcc2k disng tibreuit3idiagrbmdofremtdistchakge pkampe dightingtdeyice
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present itﬂ&eggngnéoffﬁuz%gibﬁ Qstl:foi:”Iﬁ d{.:l?gr@:fgcharge 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



of a discharge lanp lighting device according to a 16th enbodi nent of the
present invention; Fig. 19 is a circuit diagramof a discharge |anmp

l'i ghting device according to a 17th enbodi nent of the present invention;
Fig. 20 is a circuit diagramof a dischazpe |anp |ighting device according
to an 18th enbodi nent of the present invention; Fig. 21 is a circuit
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to a 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 Cl1l 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



27t h enbodi ment of the present invention; Fig. 30 is a circuit diagramof a
di scharge lanp lighting device according to an 28th enbodi nent of the
present invention; Fig. 31 is a circuit diagramof a discharge |anp

l'i ghting device according to a 29th egpodi nent of the present invention,
Fig. 32 is a circuit diagramof a discharge |lanp |lighting device according
to a 30t preséntliifiventién! hehpr disdliargeVbahp Aighting dd¥ices cackiording th ageam
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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 dev:l.ce
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 £ifth
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.



according to a 38th enbodi nent of the present invention; Fig. 41 is a
circuit diagramof a load circuit according to a 39th enbodi nent of the
present invention; Fig. 42 is a circuit diagramof a load circuit according
to a 40th enbodi ment of the present invepgion; Fig. 43 is a circuit diagram
of a discharge lanp lighting device according to a 41st enbodi nent of the
present i3svéstd edrceity d:.éérim of achoakociradiltustcatding b dohendBtd) embodinentn

of the di eIa ht,i.ng .deyj c o] S fe
Che. prosd SRAVE e BT AR i SRtibe AN Fl el
| i ghting ai:cardéngctmrt&engub embtdiventiintlithenpresenthdnyeation; ifigend7 ois a

Fig. 46 i V. | S | f 1.SGh
lanp i gkﬁ%'l ngwge%i ?e ac%%%d?’%ga t%%cﬁggﬁé%ﬁﬁgg n%%téc&%g ﬁmgrgt%%taf%e
i nvent i orpreGegt m?ems:-ancil"n-ew% is agedrowit dl@l!@@haf- geh%fhplw‘giﬁ pRgexidngce

accordin ot &@36@? Mg@%ﬂgﬁ% tPL I%I.Jl eR{: @L%‘%thi&)’-eﬁié 089 ;i Qc:.éguitsdf‘a%ram

circuit agram tl ng devi ce accor di ng to a
enmbodi nermf aflopfecimcudt mecond ing iterr-h h subedinent; of the papagRE ARBEREion;

di schar gg4 \?2% is 9*&&9919 axagfa@sf ertyaa&muatéé&br& eROB8eh ehBSdiment

present invention; Fig IS a circuit diagramof a_ discharge |anp
| i ghting Qfeﬂeepmtdi'-hgelﬁi}%ﬂ&ﬁ s Aethrayit diagrassefita hepdneiepuit
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according to a 4 nbodi nment
a circuit d:l.agram 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.



of the present invention; Fig. 52 is a circuit diagramof a part of a

di scharge lanp lighting device according to a 48th enbodi nent of the
present invention; Fig. 53 is a circuit diagramof a part of a discharge

| anp |ighting device according to a 49t hegnbodi nent of the present
invention; and Fig. 54 is a circuit diagramof a part of a discharge |anp
| i ghting devi ceIladdmr cﬁqngisuta_ﬁiqm of 30tleadnicddewitt6 oﬁCerdipseSQnt-he 36th
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condenser g{JladedeknNgL £, Fr.0er capacity is connected to an output term nal of

the full-wave rectlfylng circuit 1; and a series circuit conS|st|ng of a
di ode In the configuration of a load circuit 6 according to the 37th

embodiment of the invention, instead of the condenser 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



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 snmoothed circuit 2, which conprises a
series circuit consisting of a charge coggdenser C3, an inductor L1 and a
di ode D2, and a di ode D3 di sposed between and connected to the inductor L1
and the @ipgei®2 atbea B&ﬁbhﬁldi}bg&ﬂnmtiiﬂjadﬂm 8ibde @BHNELS skcbadadiode D3

i nverter circuit. 3, ich includes a_parallel .ctrcuit. consisting.of -a.
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FL1, FL2condenser 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 chang%ng condenser
C3 to the inverter circuit 3. When the transistor Q1 is swiééhed 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 volfage charged on the charge condenser C3



A load circuit 6 is conprised of the fluorescent |anp FL and ot her

el ements. Next, the function of the enbodi nent described above is explained
her eunder. Wen the inverter circuit 3 is actuated to oscillate upon
switching of the transistor QL by the copgrol circuit 5, resonance of the
primary winding Trla of the inverter transfornmer Trl and the resonance
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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 ca_paci.ty 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



Now, explanation is given of the range where the voltage of the pul sating
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fromthe full-wave rectifying circuit 1 is higher than the charge
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than the latter. Wien the transistor QL §f the inverter circuit 3 is
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range V\hqo‘itage 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



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
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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



circuit-wth respect to the charging voltage on the charge condenser C3,
the electric current to the primary winding Trla of the inverter
transfornmer Trl is supplied fromthe second condenser C2 at first. As the
capacity of the second condenser C2 is ngy sufficient to supply the energy
necessary for the inverter circuit 3, the voltage on the second condenser
C2 decr eadns priebént hemboddmens cisDicaphble Wi aeduting hilghoWarmedirs.he primary
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is swtcheghflghration 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



When the transistor QL is switched off, the charged voltage on the charge
condenser C3 becones the source of feeding voltage to the series circuit

whi ch consists of the inductor L1, the diode D2 and the second condenser

C2. At that tine, the charge to the secgyd condenser C2 is conducted in the
manner of sinusoidal waves, "because the inductor L1 and the second
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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



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 vol tages, the voltage corresponding to the maxinum

i nstant aneous vol tage of the commerci al power supply e being

approxi mately equal to the voltage of the mnimuminstantaneous voltage.
Toget her Wit diRSIeCDECandd thel tPgmsidtokhel f i Byt tmm@ebseetﬁh thehtramistort o

t he vol t age cha d th d I
condense Plcandlahed Sletimian Aot soans - Fncoposiiieat piiiRe tad edistand
and Ehe ;afqam?]sﬁsdeﬂ&nassaéemwsnmuﬂuremmgtm cepacamy awithatandingbe
I npu a u I ts t decr d
adapt ed 8 ég?n t *B P+ S ﬁﬁ%eéﬁmr c?gﬁuJAtC%g :'f’stX%]teqh@o @‘3%%&2]6?],? Hhue
E(r)\ f1ow, tfti.bmaeéﬂfq&ltle:vﬂﬁsusgohsqm,mbnm ccoetewlamsseasnm Fntmmrng asthe

e i nput cuyrgent urther nor ' |
(e | TPV SRR en A FL IR e, Y G086 LY Sh 0ekD cYELURRe)
of the fltherestenio ldangeFlof & |d|epreas€| ixs effideikengy.Fig. 3. Next, the second

enbodi mant of tl,he n!\_,/encth OQalné '_r;_g ggfgé |eq,gdthFé&neéu§§ga élbdé.og

circuit di agram O di SC ar ge Tl ng evi C
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 of 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



according to the second enbodi nent of the present invention. The discharge
| anmp i ghting device according to the second enbodi nent of the invention
shown in Fig. -4 has the sanme configuration as that of the discharge |anp
l'ighting device according to the first eggodi nent shown in Fig. 1 except
that the diode D1l is excluded and that the full-wave circuit 1 is disposed
bet ween Fdogeseeid AdmpOrL s hbtslimivedesseca sihgdadldnp; andctie semdembiact

C2. By excludin he djode D1, the structure qf,the circui ;
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third enbodi nent of the invention is explained referring to Fig. 5. Fig. 5
is acircuit diagramof a discharge lanp lighting device according to the
third enbodi ment of the present invention. The discharge lamp |ighting
devi ce according to the third enbodi nent of the invention showm in Fig. 5
has the same configuration as that of the discharge |lanp |ighting device
according to the first enbodi nent shown in Fig. 1 except



16 that the second condenser C2 is connected in parallel with the di ode D1.
Even with the configuration as above, the basic functions of the device are
the sane as those of the first enbodiment. Next, the fourth embodi ment of
the invention is explained referring to §&g. 6. Fig. 6 is a circuit diagram
of a discharge lanp lighting device according to the fourth enbodi nent of
the present invention. The discharge lanp lighting device according to the
fourth enbodiment of the invention shown in Fig. 6 has the same -
confi gur &A8MSas that of the discharge lanp |ighting device according to
the firsty,enbodi pbwér Supplyi devide ihcdudipg: that a series circuit

consisting of a condenser Cl1 and a field effect transi ' ed
in parallel w ﬁfﬁ%éﬁgéﬁ%ﬂaaﬁﬁgaﬁrﬁg;;&l% ?%ré'ta%énggrk{? %%Ft (?lg ?‘J?:%f"?l ' %1 | %
cgnnectedubgl?Fe fieLd ?fffﬁt transistor Q2. Wth the configuration as
above, controlli the fi.e ef fect jransi '
circuit 11 chaﬁgggrst%(f"&éfﬁséﬁr Egﬂﬁgfﬁﬁé‘&%n%i;%eldl% %E{?%{ogﬁﬁg‘k&é@%ﬂ]ﬁ of
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said first condenser;

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

a partially smoothed circuit which includes an inductance elgmenf
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 éaid 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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reliably reduced to zero by changi ng the conbi ned capacity of the second
condenser C2 and the condenser Cl1. Thus, by ensuring continuous flow of

i nput current, the device according to the fourth-enbodi nent is capabl e of
nore reliably preventing high harnonics. ggurther, the sane effect can be
achi eved by addi ng the above configuration to the third enbodi nrent shown in
Fig. 5. Nesitching eliepheht coboectadhin serige withasaidpanallel sesonance eiircuitg
to Fig 7. . Nt ; . i e ;
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l'ighting device according'to the first en ment shown I n Fig. I except
that a th¥ristdr POwescsuRRly devicehimaludipgsiting neans is connected in
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to a gate of the thyristor . Under normal circunstances, the inverter
circuit 3dYRPMiabl ed to function by boosting through resonance of the
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circuit 3. However, in the event
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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17 where, for exanple, the lanp current of the fluorescent [anp FL
I ncreases, the thyristor B is turned on to permt the electric current to
flowin the direction opposite the diode D1, thereby reducing the voltage
through resonance between the inverter tgansforner Tr1l and the conbination
of the first and the second-condensers éL,CZ. By thus changing the
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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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enbodi nent of the present invention; and Fig. 10 is a circuit diagramof a
di scharge lanp lighting device according to the eighth enbodi nent of the
present invention. The discharge lanp |ighting devices according to the

si xth, seventh and ei ghth enbodi nents of gé he i nvention respectively have

t he sanme configurations as those according to the first, second and third
enbodi neriozrexpeyd tiohtha® off disch¥rges capraec frdmi snighcharge cundenser, saides
circuit con5| ng of.the conden

art i al | FRBR R TReRe g AT neried 19, bafe sSUERBls Slelicnt 250,
condenserthGBcombmtatwhaogesjuﬂy ihdectior apdgswiid £iesterdipdeninmpeht hep@ﬁmézm
to the c e r ' pode
03, the diAP R aRRenE tor Lhdailni i te Garbl cofilbnde 15 e e tHEbod ioudi

di schar gemdssaidhdhirfediodet agmmetdhen tmméilsl- matdglsaxﬁ &pptse@dméenwer diﬂdde

1 ana (oL MERSY 06 il 8 hterst9 4 Calf paiaiRRe iR iy Rebl

t he nint hneadmﬂ indwetaosf tQ tféowmpeqmdmhasgeeg%%ﬁm w@eaaidqghamqrcgndeﬂser

Fig 11 ig r#§%§t di agram of a discharge |anp lighting device according
to the nlnth e I'ment of the present invention. The discharge
9. 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;

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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| anp |ighting device according to the ninth enbodi nent of the invention has
the sanme configuration as that of the discharge |lanp |ighting device
according to the sixth enbodi mrent except that, as is true in the fourth

18 enbodi nent, a-series circuit consisti of a condenser Cl1 and a field
effect transistor @ is connected in parallel with the second condenser C2

and that a contanOlinGei€sel tcikbuit GRRNERCiLRELddest Ae phiral Tkl fieaohaheansisduin
@. Further, the sane effect cag be achuﬁved bx addi.n

Cont | gur FFBRLPERS RoFSARNAIER THRISRERE DR T9HaRGhALBHEr AR “XESTLhe
tenth enuldmenst coinddted dneséries ivithX phadnparaldiedr resondmrericdredt, Hajd
the tent RAEMBSAF AU ARPYIL 32 BeTRTAFT afh THENRSTn T DEdans PR g
devi ce acmfirehingtactioast efitdniatisadtoking cflement) nuehti on has the same
contaurat o0 o bifsglhy! MeefkBShTLtRc M ALANT LDOLIRY F BAEELS' BBkdie
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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enbodi ment, a thyristor (B serving as a short-circuiting means i s connected
in antiparallel with the diode D1 and that a control circuit 12 is
connected to a gate of the thyristor 3. Further, the same effect can be
achi eved by adding the above configuratigg to the eighth enbodi ment. Next,
the el eventh, twelfth and thirteenth enbodi nents of the invention are

expl ai ned referring pewdd 88ppik3DbVicaUgh i;5scxﬁir§e LL;’\Fixsiggtﬁig[ guicedi agr am of
a discharge lanmp |ighting device accolrnggﬁﬁéig € el even enmbodr nemrt  of
the present invention; Fig. 14 is a c i agram of a discharge | anp

| i ghting devi ca péwexr dupply detriiee tand| 4 diisehdoogt bamp ldghtimg deeieewhich are

: tion: Fig 15 | " todi ¢ ; I i :
dovice acRBRRin Pt 5ot in bRt irois) 41 Rbis fof | 513vdEg £ Bhost ibice

di schar ge | anp A fujtli-wagedeeitdiéging corcuiigl tis ddmpected sntahconmeagiciiah AQrpbwer
thirt th dj t f, the.l Iy Of '

oot e oY A, EaabAY S PR A )% TR 01 ana
enbodi nerdesosd cemidensexr C2 hayvingansmallductapadilyiarst eonhegted Hoctien full+wave
type in ter, Trly i ' | :
condenser EF FELBEBIBEHE 11 i bRsEPUDAF bibat b BIAS, cPhbibifi sE30ORNGR
wi ndi ng TobdepsenrCInam dnductypdk amdspodiede D22 issconnected to the second

condenser C2. A parallel resonance circuit 4 and a collector-emitter of

a transistor Q1 are connected to the partially smoothed circuit, the parallel
resonance circuit 4 consisting of a primary winding Trla of an inverter
transformer Trl and a first resonance condenser C4. A second resonance
condenser C5 is disposed between and connected to the emitter and the
collector of the transistor Ql. Filameﬁts FL1,FL2 of a fluorescent lamp
FL are connected to a secondary winding Trlb of the inverter transformer

Trl, and a starting condenser C6 is connected to the filaments FL1 FL2.
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connected in parallel wth the resonant inductor L3; and that the
fluorescent lanp FL is connected to the primary wi nding Tr2a of the
transfornmer Tr2. Wth the configurations as above, wherein the function of
the inverter transfornmer Trl is divided to those of the resonant inductor
L3, the ballast L4 and the i'nsul ated tygeitransformer Tr2, the devices
function basically in the sanme manner as those according to the first,
second and the third 19 enbodi nents respectively. Next, the 14th-

enbodi nent of the invention is explained referring to Fig. 16. Fig. 16 is a
circuit diagramof a discharge lanp lighting device according to the 14th
enbodi nent of the present invention. The dlschaTgthanﬂWHMthing devi ce
according to the 14th enbodi mff of t |nv3nt4 tﬁ
configuration as that of jthe d scharge | anp | é Vi e accordlng to

t he el event h enbodi nent exce hat TIs t 1 odi nent, a
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transistor 2 is connected in parallel with the second condenser C2 and
that a control circuit 11 is connected to the field effect transistor Q.
Further, the sane effect can be achieved by addi ng the above configuration
to the twelfth enbodi nent or the thirteenth enbodi ment. Next, the 15th
enbodi nent of the invention‘is explained ifgerrlng to Fig. 17. Fig. 17 is a
circuit diagramof a discharge |anmp Iighglng devi ce according to the 15th
enbodi ment of the present invention. The discharge lanp |ighting device
according to the 15th enbodi mnent of the invention has the sanme
configuration as that of the discharge |lanmp |ighting device according to
the el eventh enbodi nent except that, as is true in the fifth enbodinent, a
thyristor @B serving as a short-circuiting neans is connected in
antiparallel with the diode D1 and that a control circuit 12 is connected
to a gate of the thyristor @B. Further, the sane effect can be achi eved by
addi ng the above c®Rfiguration to the thirteenth enbodi nent. Next, the
16th, 17th and 18t Baenfodi nents of the invention are explained referring to
Figs. 18 throughu? Fig. 18 is a circuit diagramof a discharge |-anp

| i ghting device Em \'
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according to the 16th enbodi mrent of the present

i nvention;

Fi g.

circuit diagramof a discharge lanp lighting device according to the 17th

enbodi ment of the present invention;

and Fig. 20 is a circuit diagramof a

di scharge |l anp lighting device according to the 18th enbodi nent of the

present invention.

16t h,

The di scharge | anp | 3gpti ng devices according to the
17t h and 18t h enbodi nents of the invention respectively have the sane

configurations as those according to the 11th, 12th and 13th enbodi nents
the seventh and the eighth

except that, in the same nanner as the sixth,

19 | s . ai— PR

enbodi nents respectively, diode D6 is ¢ ne g PR I Wi
series 20 circuit consi ‘lng of the chg?ge ébq eBse fa'+6hh EB- nductor
L1 of the partially dnoothhd circuit 2. Nextn 1 éhe
i nvention is explaln-o o4 to Frg. 2L ol -_ﬁba ram
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| anp |ighting device accor di ng to the 19th enbodi ment- of the invention has =~

the sanme configuration as that of the discharge |lanp |ighting device
according to the 16th enbodi ment except that, as is true in the fourth
enbodi ment, a series circuit consisting Pf a condenser Cl1 and a field
effect transistor @ is connected in pall’aﬁll el with the second condenser C2
and that a control circuit 11 is connected to the field effect transistor
@. Further, the sanme effect can be achi eved by addi ng t he above - '
configuration to the 17th enbodi nent fr the 18th enbodi ment. Next, the 20th
enbodi ment of the invention is explaifned refelaing TolFi 22F F|' g. 22 is a
circuit diagramof a discharge lanp Jighting Vi ?H? tLo

4 the 20th
enbodi ment of the present inventio Thg dilschakqg ?i_':g_%evi ce
according to the 20th enbodi\ent of |t helsiGBleit4 1= Ee
configuration a®{h i 4chaige LON —aceqrding to
the 16t h enbodi nen t| agge il n pdf Pt @
thyristor @B servi i t¢R6n an =l N
antiparallel with the el DY 4ndlt hat| aTclomtr ' ' S connect ed
to a gate of the thyristol @2 Hurther 4Ohd] %ﬁ&‘ggﬁi— b& la2hi eved by
addi ng the above D2 ‘e 1 ’
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configuration to the '18th enbodi nent. Next, the 21st, 22nd and 23rd

enbodi nents of the invention are explained referring to Figs. 23 through
25. Fig. 23 is a circuit diagramof a discharge |lanp |ighting device
according to the 21st enbodi ment of the present invention; Fig. 24 is a
circuit diagram of a discharge |anp- Ilgg§zgg devi ce accordlng to the 22nd
enbodi nent of the present invention; lg. 25 is a circuit diagramof a
di scharge lanp lighting device accordlng to the 23rd enbodi nent of the
present invention. The discharge |anp |ighting devices according to the
21st, 22nd and 23fd enbodi ments of the invention respectively have the
simlar configurations to those accoﬁHﬁng to the 16th, 17th and 18th
enbodi ments except that they are singflified by excluding the insulated type
21 transformer Tr2 as wel dgnser C6, which is disposed at the

ot her side of ‘the fil amen - the fl uorescent np FL, and
eONT RAILAR |t he 2)ne si dF 0k ; f-rhaﬂrent S
C4a

connecting a starting corn
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Wth the configuration as above, their basic functions are the sane as
those according to the 16th, 17th and 18th enbodi nents except that
preheating of the filaments FL1, FL2 is not possible. Next, the 24th

enbodi nent of the invention is explained referring to Fig. 26. Fig. 26 is a
circuit diagramof a discharge lanp |i ;gﬂng device according to the 24th
enbodi nent of the present invention. The discharge lanp |ighting device
according to the 24th enbodi mrent of the invention has the sane -
configuration as that of the discharge lanp |lighting device according to
the 21st enbodi ment except tha&2 as i@ true inghe, fpurtlp enbodi ment, a
series circuit consisting of condensSer Cl1 an aL#$ drefd,ecyFlrlansi stor

@ is connected in parpllel a control
circuit 11 is connecte er], the
sane effect cen Rhe 22nd

enbodi nent or

i nvention is ex dﬂéﬁram

of a discharge | Hodrmgnt of the
resent inventiorr
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| anp |ighting device according to the 25th enbodi ment of the inventi-on has -
the sanme configuration as that of the discharge |lanp |ighting device
according to the 21st enbodi nent except that, as is true in the fifth
enbodi ment, a thyristor (B serving as azghort-circuiting means i s connected
in antiparallel with the diode D1 and that a control circuit 12 is
connected to a gate of the thyristor B. Further, the sane effect can be
achi eved by addi ng the above configuration to the 23rd enbodi ment. Next,
the 26th, 27th and 28t h enbodi nents of the invention are expl ai ned
referring to Figs.” 28 through 30. ? S mrcwé di ag_ram of a -

di scharge lanp lighting devicghccof dlng tdZﬂhe 26bﬁ'enﬁBU ment F&fl t he

present invention; Flg‘ 29 isja CI a
| i ghting device accordl- A2 o 'nptntion;
and Fig. 30|s§c : in devcce
according to th g
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present invention. The discharge |anp lighting devices according to the-
26th, 27th and 28th enbodi nents of the invention respectively have the sane
configurations as those according to the 21st, 22nd and 23rd enbodi nents
except that, in the same manner as the sixth, the seventh and the eighth
enbodi ments respectively, a diode D6 is &aanected in parallel with the
series circuit consisting of the charge condenser C3 and the inductor L1 of
the partially snoothed circuit 2. Next, the 29th enbodi nent of the -
invention is explained referring to Flg 31l. Fig. 31 is acircuit dlagram
of a discharge lanp lighting device according to the 29th enbodi ment of the
present invention. The discharge lanp lighting device according to the 29th
enbodi ment of the invention has the same configuration as that of the

di scharge lanp lighting device according to the 26th enbodi nent except

that, as is true in the fourth enbodiment, a serieg circuit consisting of a
condenser Cl1 and a field effect transist@ Q@ is% r}chea in parallel
with the second conden [ C2 and that a cdnt€3l 4r.c T;agnrpeﬁt‘ed to
the field effect yransi'stor Q2. Further, jhe s ﬁ% eifect carp be hreved by

addi ng t he above qo nernty or
enbgd?nent ' cli rijj 'FL._]
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Next, the 30th enbodi nent of the invention is explained referring to Fig.
32. Fig. 32 is a circuit diagramof a discharge lanp |ighting device
according to the 30th enbodi ment of the present invention. The discharge

| anp i ghting device according to the 30th enbodi nent of the invention has
t he same configuration as that of the dl?charge llanp Iighting device
according to the 26th enbodi nent except as is true in the fifth
enbodi ment, a thyristor B serving as a short-circuiting means i s connected
in antiparallel with the diode D1 and that a control circuit 12 is
connected to a gate of the thyristor @@B. Further, the same effect can be
achi eved by adding the above cgnfiguBation to the628th enbodi nent. Next,
load circuits 6 according to t’- Slsﬂ t hrough the 49Bth enbodi nents of the’

aJ-Fi-gs] 33 '-h-r-ﬂugI-P—A?-—Fl-c. Is a
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23 35 is acircuit diagramof a load circuit according to the 33rd
enbodi nent of the present invention; Fig. 36 is a circuit diagramof a | oad
circuit according to the 34th enbodi nent of the present invention; Fig. 37
is acircuit diagramof a load circuit according to the 35th enbodi nent of
the present invention;, Fig. ‘38 is a qpyguit diagramof a load circuit
according to the 36th enbodi nent of the present invention; Fig. 39 is a
circuit diagramof a load circuit according to the 37th enbodi ment of the
present invention;, Fig. 40 is a circuit diagramof a |load circuit according
to the 38th enbodt ment of the present invention; Fig. 41 is a circuit
diagramof a load circuit according to the 39th enbodi nent of the present
invention; and Fig. 42 is a circuit diagramof a load circuit according to
the 40t h enbodi nent of the present invention. A load circuit 6 according to
any one of the 31st through the 40th enbodi nents of the invention can be
used in any of the discharge lanmp |ighting @evices showngn the first to
the 30th enbodi ments. A I1B&d circuit 6 accofdi @4t he 3lst enbodF kHnt of
a
|

t he invention incluqes a secondary w ndi ng {Ir | eakpge flux type
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Trl, to which a starti'ng condenser Cl12 and an end of the conbination of the
filaments FL1, FL2 of the fluorescent lanp FL are connected. In the
configuration of a load circuit 6 according to the 32nd enbodi ment of the
i nvention, a preheating condenser C6 is connected to the other end of the
conmbi nation of the filaments FL1, FL2 of 11w fluorescent |lanmp FL of a | oad
circuit 6 of the 31st enbodinent. In the configuration of a load circuit 6
according to the 33rd enbodi mrent of the invention, a primary w nding Tr2a
of an insulated type transformer Tr2 is connected through a ballast L4 to
said load circuit” 6; an end of the conbination of the filanents FL1, FL2 of
the fluorescent lanp FL is corp¢ct eqato a secondary wigdi ng Tr2b of said
transformer Tr2; and a cpndensgr C6/is conndcted to the ‘pther end of said
conbi nation of the fila e —Furihed. FaToad circyif
to the 34th enbodi nent i di fcuj 355[325 i bed Clpg&e b6
enbodi ment, exc cqdndengaer. | St ') esi to t dec@
wi nding Tr2b of t U Trlfran ﬁ’ag't condéegger E
' t 5t h®enbogifent |i f&F
1°
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i s di sposed between and connected to the other ends of the respective
filaments FL1, FL2 of the fluorescent |anp FL. 24 In the configuration of
a load circuit 6 according to the 36th enbodi rent of the invention, a
secondary wi nding Tr2b of an insulated type transfornmer Tr2 is connected
.through a ballast L4 to said one end ofzselie conbination of the filanents
FL1, FL2 of the fluorescent |anp FL; and a condenser C6 is connected to the
ot her end of said conbination of the filanents FL1, FL2. In the -
configuration of a load circuit 6 according to the 37th enbodi nent of the
i nvention, instead of the condenser C6 of the load circuit 6 according to
the 36th enbodi nent of the invention, a condenser Cl2 is connected to the
one end of the conbination of the filanents FL1, FL2. In the configuration
of aload circuit 6 according to the 38th enbodi nent of the invention, a
condenser C6 is connected to the other end of the conbination of the
filaments FL1, FL2 of the load circuit 6 according
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to the 37th enbodi nent”. In the configuration of a load circuit 6 according
to the 39th enbodi nent of the invention, a ballast L4 and a primary w ndi ng
Tr2a of an insulated type transfornmer Tr2 are connected to a resonant

i nductor L3, and a secondary winding Tr2b thereof is connected to a
condenser Cl12 and the one end of the jgogpination of the filanents FL1, FL2
of the fluorescent light FL. In the conflguratlon of aload circuit 6
according to the 40th enbodi nent of the invention, a condenser C6 iS
connected to the other end of -the conbination of the filanents FL1, FL2 of
the load circuit % according to the 39th enbodi nent. Next, a discharge |anp
| i ghti ng device according to the 41st enbodi nent is explai ned hereunder,
referring to Figs. 43 and 44. Fig. 43-is a circuit diagramof a discharge

| anp lighting device according to the 41st e di rent of the invention,
wherein a | ow pass filter 21 adapted to reno har moni cs of an inductor L21
and a condenser C21 is connected 'y AC power supply e, an
input termnal of a full-wave rectif ~—serliltly as a rectifying
nmeans for a diode bridge is cofneq v ppss. fifl ter 21, and a
condenser C22 for renoving ﬂ'“\FLZ

\ .
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harnoni cs is connected to an output terminal of the full-wave rectifying
circuit 1. The condenser C22 is al so connected to a partially snoot hed
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
snoot hed 25 circuit 2 are a second djode D3 and a third di ode D6, the
second di ode D3 connected to the conne%’?ﬁg 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 snoothed circuit 2 is an inverter circuit 3,
whi ch conprises a parallel resonance circuit 4 and a collector-emtter of a
transistor QL that serves as a switching elenent, the parallel resonance
circuit 4 consisting of a resonange ilnduct or ©3 and a first resonance
condenser C4. A control circuit ( S %?) ¥s connected to the base of the
il

transi stor QL. ,
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Fil aments FL1, FL2 of a fluorescent
connected through a ballast L4 to the resonance inductor
C6 is connected to the filanents FL1, FL2. Furthernore,

condenser

circuit 6 is conprised of the fluorescent

the function of the enbodi nent describ
referring to Fig. 44. \Wen the inverte
upon switching-on of the transistor Ql,

lanp LF serving as a discharge lanp are

L3, and a starting
a |load .

| anp FL. and ot her el enents. Next,

?ggﬁbove i s explained hereunder,

rcuit 3 1s actuated to oscillate

resonance of the resonance i"nduct or

L3 and the resonance condenser C4 generates a high frequency voltage,
t hereby i nducing a high frequency voltage on the resonance condenser C4.
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consi sting of the charig
D3, the transistor QL
char ge condenseTr2a +
t he second di ode DS.

iz

linjit he

QL of the inverter

ctifyin

C3

nser

circuit 3 is switched on in an
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circuit 1, there is no discharge of current fromthe changi ng condenser C3
to the inverter circuit 3. Wien the transistor QL is switched off, the
magneti c energy stored in the inductor L21 permits current to continue to
flow into the inductor L21. Therefore, electric current 1D6 for charging

t he charge condenser C3 flows al ong the 1642h consi sting of the charge
condenser C3, the inductor L21 and the third diode D6. Wen the third diode
D6 is inthe 'on' state, the voltage whose value is produced by deducting
the voltage charged on the charge condenser C3 26 fromthe voltage at
both ends of the condenser C22 is applied to the first diode D2 so that the
vol t age having the sanme waveformas the voltage VD2 as shown in Fig: 44 is
applied to the first dyode D2. As the énnunt of the current flown into the
second diode D3 is thps reducgd by the thlrd di ode D6, the el ements can be

made conpact accor di nx to the ab %g iguration.gln an arbptrary tine
period in the rang hero% q rthepul safing cucre in the
full -wave rectifyi |rcu_ ~+ ower than tihe r,
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Vol t age charged "on the charge condenser C3, discharge fromthe charge =~
condenser C3 causes the inverter circuit 3 to function. Next, the 42nd
enbodi ment is explained, referring to Figs. 45 and 46. Fig. 45 is a circuit
di agram of a discharge |anp lighting device according to the 42nd

enbodi ment of the invention, which hasijf¢ same configuration as that of
the 41st enbodi nent 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

enbodi ment- i s explained, referring to-Fig. 46. Wen 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
vol tage on the resonance inductor L3. Wien the transistor QL is switched
on, electric current flows to the resonance inductor L3 while electric
current also flows through the charge

—
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conderiser 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
vol tage | ower than the peak voltage of the pulsating current fromthe

full -wave rectifying circuit 1. Now, explanation is given of the range
where the voltage of the pul'sating current fromthe full-wave rectifying
circuit 1 is higher than the charge vol 48§ of the charge condenser C3 and
the range where the fornmer is |ower than the latter. When the transi-stor QL
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 27 voltage of the charge
condenser C3, electric current is supplied to the resonance inductor L3
mainly fromthe first condenser Cl and partly fromthe second condenser C2.
The conbi ned capacity of the first and second condenser Cl1,C2 is sufficient
to give an energy required by the inverter
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circuit 3. Energy corresponding to the current supplied fromthe first™ -
condenser Cl and the second condenser C2 flows in the formof input current
fromthe comercial AC power supply e. In accordance with changes in

vol tage of the pulsating current, the device so functions as to cope with
swi tching actions of the transistor QLi9feit hat, along with increase in
val ue of AC vol tage sinusoi dal waves the slight and uni form anplitude of
hi gh frequency waves produced by the inverting action of the inverter
circuit 3 is superinposed over the entire range where the voltage on the
full -wave rectifying circuit 1 is high. I'n the range where the voltage on
the full-wave rectifying circuit 1 is high, the conbi ned val ue of
respective voltages o he first condenser Cl _and the second condenser C2

corresponds to such a¢alue of the energy giv by the supplied pul sating
current voltage that said enetgy S s t hy energy r%qU|red by the
I nverter circuit 3 r #- condensers Ci1, C2

bot{h e
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d are en ure re reliably
function. In the g o) 'Jmezgqgetrffw
circuit 1 is high itpgicharge cpndenser G %ari}; uripng tly ?{%Ei 6
when t he transi stjo i . ‘QKJ age O%WEP fqll j; e
rectifying

e il L | L3 FL
o AR EIRIECTE D |
D3 3 FL2
! ! ! 2 }\Ql

T
. D6 C3! "o
< 1P 3,
FLy | T

X T L oAl ,‘[C"' "3 eiapl |8

| D3| 3

p
1 D2 H_\Ql

—

FIG. 48

Thls Sheet Has Been Rerlaced




circuit 1, there is no discharge of current fromthe changi ng condenser C3 °
to the inverter circuit 3. To explain it in nore detail, when the
transistor QL is switched on, electric current flows along the path

consi sting of the charge condenser C3, the inductor L1, the second di ode D3
and the transistor QL so that the charge condenser C3 is charged. \Wen the
transistor QL is switched off, the mad &4 ¢ energy stored in the inductor
L1 permts current to continue to flowinto the inductor L1. Ther ef or e,

el ectric current for charging the charge condenser C3 flows along the path
consi sting 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 val ue

i s produced by deducting the voltage charged on the charge condenser C3
fromthe voltage ag%ﬁoth ends of the condenser C2 is applied to the first

vol tage D2 so that e vol tlag aV|mg the sang wav as the voltage VD2
Is applied to the f irst di de ¢ current | own t he second di ode
ir F§;%n

28 D3 is thus red by] t he [ dr ode | %8 he el ts can be nmde
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according #0 the above configuration. In the Tange where the vol tage on the

full-wave rectifying circuit 1 is low, when the transistor Ql is turned on
at the begi nning of decrease in pulsating current sinusoidal voltage |n the

full-wave rectifying circuit 1 with redgétt to the voltﬁﬁeﬂmﬂaiﬁnmh
<IN

charge condenser C3, the eléctric current to the invert
supplied fromthe second condenser C2 at first so that el
flows along the path consisting of the second condenser C2, e resonance

i nductor L3 and the transistor as el | as al ong the path conS|st|ng of
the ballast L4, the quorescenI 'anp/FL and the transistor QL. At that
time, the voltage decreases with the increase of

the flowi ng through theQ44dnss ‘ t he voltage on the second
condenser C2 becones | @ﬁ tfhe—epit gut volg e of the full-wave
rectifying circuit 1, < TTaye on the first condenser Ci,

the current to the invefel
resonance i nductor L3

to the first condenser Cl, the
Meanwhi | e, due to- a transient

i npedance of. the i nductor t he voltage charged on the charge condenser

C3 del ays di schargi ng ener so that energy discharge is done just before

the transistor QL is svm'tc?(&Q| '
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off. When the transistor QL is switched off, the charging voltage on the

i ndyctor L21 becones the source of power supply and current flows al ong

t hespath consisting of the charge condenser C3, the second condenser C2 and
the first diode D2, thereby dischargi t he second condenser C2. As a
result of the resonance between the iﬁgﬁbtor L1 and the second condenser

C2, the voltage on the charge condenser C3 is superinposed over the
resonance vol tage, thereby producing a voltagf mavefqr shown in Fig. 46,
which is close to that of a DC voltége w th voltdgb corresponding to
the maxi num instantaneous vDIltage o the @ cifirl pgokdr supply e being

approxi mately equal to 't he ni mum |Lnst an a e volfagge._ Wen the vol tage
on the first condenser ,Cl d as N . SaAﬂ(ge,Gvol tage on
t he charge condenser il cur 4e6ildico g? Wwlijn,r'because the
di ode D1 prevests o r chafge on ' e jcopde eh\CS from
flowing into th 'r neﬁl 0|tht g t IfLows Iﬁ@he

full -wave recti f{ t currgn t he | ow pass
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29 the present enbodi nent is capable of reducing high harnonics. Next, the
43rd-renbadi nent is explained, referring to Fig. 47. Fig. 47 is a circuit

di agram of a discharge |anp lighting device according to the 43rd

enbodi nent of the invention, which has the sanme configuration as that of
the 41st enbodi nent except that a second/@bndenser C2 is connected in
parallel with the diode D1. Next, the 44th enbodi nent is expl ai ned,
referring to Fig. 48. Fig. 48 is a circuit diagram of a discharge | anp

i ghting device according to the 44th enbodi nent of the invention, which
has the sane configuration as that of the 42nd enbodi ment except that the
diode D1 is excluded and that the full-wave rectifying circuit 1 1is

di sposed between tI8 first condenser Cl and the second condenser C2 and
connected thereto. 8y Mxcluding the diode D2 as above, the structure of the
circuit can be swgeifled while maintaining the basic functions essentially
unchanged. Furth@& yjt hg [45th enbodi nent is explained, referring to Fig. 49.
Fig. 49 is a cirbkui@ didqgramof a discharge lanp |ighting device according
to the 45th enbodi%%nt df the invention, which has the sane
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configuration as that of the 41st enbodi nent except that a control circuit
22 1S indduded. The control circuit 22 includes a starting resistance Rl
connected to the base of the transistor Ql, and a detection w nding CTla of
a current transforner CT1 di sposed betvgyan t he resonance inductor L3 and
the filanment FL2 of the fluorescent |anp FL and connected thereto, wherein
an out put w nding CTlb of the current transforner CTl |s connected through

a condenser C25 to the bagp| and the enmtt@ { ?f%t'lhddr }ihs stlﬁﬁ\ series

circuit consisting of a cgndenser C26 and a- ffdgct @ is
connected in parallel he condenser _an circuit
23 1is connecéed to swi tranS|s 3 m—\ﬁkaetﬁthe
base and the Zéf or“Cﬂ °S yi ijt isiting of a
di ode D12 and gspo ed gn e t her ¢ oTNext, the
function of t s ex Ialne erle A ' cC@ di ng
to the 45th e EH i = the 41st
enbodi ment. Accor g ﬁgﬁ el i fROUJ %g
actuation of the ilnvertpr GYET £ | Theree o pr| ol
turned off by thel[tine Fonstadt ci TCur T 73,1 kB le re appar ent
conbi ned capacity of the condenser C25 and tfe-€ondensg¢r C26 Jto i ncrease
t he : cCs5 QI s
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oscillation frequency of the inverter circuit 3 so that the output of the
30 invertwer circuit 3 is reduced. After the charge condenser C3 is
sufficiently charged, the field effect transistor @ is turned on to

i ncrease the apparent conbined capaci{y,,0f the condenser C25 and the
condenser C26 so that the inverter circuit 3 functions at a normal out put

| evel . By actuating the inverter circuit 3 after the charge condenser C3 is
sufficiently charged as descri bed at?ove, aTpigh peq-kr'current is prevented
fromflowng into the inductor L1, the seconc\di offe D3Trlbe kdd di ode D6

and the transistor QL. By thus protectimgt he ¢ d ot her
elements fromstress, the e ?L-heﬁsi zes of
t hose el enents @ hr 2. vol t age. Under
normal circunstan , function
wi t hout the dangeR #f ef f ect

" can be achi eved by jconhe¢t ng’ glof the 42nd,

43rd and 44t h enbodinment $.
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Next, the 46th enbodi nent is explained, referring to Fig. 50. Fig. 50 is a
circuit diagramof a discharge lanp lighting device according to the 46th
enbodi ment of the invention, which has the sane configuration as that of
t he 41st enbodi nent except that a field effect transistor 4 is included as
a switching el ement and that a control 3% cuit 25 is connected to said
field effect transistor Q4. In addition, an auxiliary charging circuit 26
is connected to the control C|rCU|tcﬁ§ t he auxiliary charging circuit 26
including a series circuit that congists of a resistance RS and a field
#-hch and i s connected to the connecting
he inductor L1. Next, the function of
t he 46th enbodi ment is ¢ ndeg, A dev'Cf adEptdlng to the 46th
enbodi nent essentially fl}f e s mannef1@s he‘lzlﬁbb F:[‘gﬁdl ment .
According to the 46th erbodf et |beg above(;% of the

field effect transi qtor |4, I ot t
ef fect transistor , after t N féntly
charged, the cg cuit 25t d stor
and turns on tA# gffect tra o nverter
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circuit 3. By starting the function of the inverter circuit 3 after the
charge condenser C3 is sufficiently charged as described above, a high peak
current is prevented fromflowing into the inductor L1, the second di ode
D3, the 31 third diode D6 and the trgnglstor QL. By thus protecting the
transistor QL and other elenments froms t he enbodi nent enabl es t he
reduction of the sizes of those elenents through reducing the capacity of
wi t hstandi ng voltage. In addQ2on, & the congr ol Upt 25 is adapted to
control both field effect tr@nsistors 4, B, rhe 1¥e il
Furthernore, as the quxilifar [ 5E AQQ L on under
normal circunst ances, ' all “ﬁfic}%ncy.
sthtbgl Icircuit 22

Further, thesa
to any one o t he/ 4R _t hr ough
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Fig. 51 is a circuit diagramof a load circuit according to the 47th

enbodi neat of the present invention; Fig. 52 is a circuit diagramof a | oad
circuit according to the 48th enbodi ment of the present invention; Fig. 53
is acircuit diagramof a load circuit aég&irding to the 49th enbodi ment of
the present invention; and Fig. 54 is a circuit diagramof a load circuit

I nvention. Any one of these
e 46t h enbodi nents.
Iéékage fFEAd type

according to the 50th enbodi nent of the present
enbodi ments can be used in any of 4he 41st through
t he |ﬁb4nt|on

According to the 47th enbodi fpnt
transformer Trl is used instgad Qf
ballast L4, with its S i A perehes
condenser C4, and i
conbi nati on of®
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FL2 according to the 47th enbodi nent, a starting condenser C31 is connected
to the one end of the conbination of the filanments FL1, FL2. According to

t he 50t h enbodi nent of the invention, instead of the starting condenser C6
which is connected to the other end of fa/kanments FL1, FL2 according to the
48t h enbodi nment, a starting condenser C31 is connected to the one end of
the conbination of the filanments FL1, FL2. Further, in any one of the
enbodi nents descri bed above, the 32 fluorescent lanmp FL is not limted
to a single lanp, and the sane effect can be achieved by connecting a

plurality of lanps in series or in parallel. 33 CLAIMS 1. A power
supply devi ce incl uding: o 6 Tr2
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a rectifying neans for rectifying alternating current froman AC power
supply; a first condenser connected in parallel wth an output term nal of
said rectifying neans; a diode connected in series in the normal polarity
with an end of said first condenser; a s&@hd condenser connected in
parallel with said first condenser through said diode; a partially snoothed
circuit which includes an inductance el enent and a charge condenser and is
connected in parallel with said second condenser, the second condenser
adapted to charge said charge ﬁondé&ser at a volgage | ower than the maxi mum
I nst ant aneous vol t age qutput ¢ on1tbe rectifying Means; and an inverter
circuit which includes fa para],l el : Ff{&ﬁi:lﬁ}ﬁaﬂ;kc ' el enent

and a second resonance CLEd I N G aid
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el ement, and thus structured inverter circuit adapted to generate high
frequency: vol tage by neans of switching actions of said switching el enent.
2. A power supply device including: a first condenser connected to an AC
power supply; a rectifying means connect®dlto said first condenser; a
second condenser connected to said rectifying neans; a partially snoothed
circuit which includes an inductance el enent 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 | ower than the maxi num
I nst ant aneous vol tage output fromsaid rectifying nmeans; and an inverter
circuit which includes a parallel resonance circuit, a switching el enent
and a second resonance condenser and is copnected in pagallel with said
partially snoothed circ k, said parall el neegpaegf cirquit havimgpg first
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swi tching el enent connected in series wth said parallel resonance circuit,
sai d second resonance condenser connected in parallel with said swtching
el enent, and thus structured inverter circuit adapted to generate high
frequency vol tage by nmeans of sw tching qg;ions of said switching el ement.
3. A power supply device including: arectifying nmeans for rectifying
alternating current froman AC power supply; a first condenser connected in
parallel with an output termnal of the rectifying neans; a di ode connected
to said first condenser; a @ond ﬁbndenser connectqg\in parallel with said
di ode; a partially snmoothed ¢ircuit whichQ4cl udes an { nduct ance el enent
and a charge condenser! and i$, cQ <t n |ppratke—withr sai i%ﬁi

di odg, fr |
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circuit having a first resonance condenser and a resonance inductor, said
switehing el enent connected in series with said parallel resonance circuit,
sai d second resonance condenser connected in parallel with said swtching
el enent, and thus structured inverter cil2édlit adapted to generate high
frequency voltage by neans of switching actions of said switching el ement.
4, A power supply device as clained in claim1 or claim3, wherein said
power supply device includes a short-circuiting nmeans adapted to
short-circuit the diode in accordance with an output |evel of the
rectifying neans. 5. A power supply device as clainmed in any one of the
clainms fromclaim1l to claim4, wherein said power supply device includes a
capacity varying nmeans for changing the capacity of the second condenser.

6. A power supply ¢pyice as clained iR a f& he clains fi Ellclaim
1to claim5, whereinthe first resonancé c
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35 an inverter circuit which includes a parallel resonance circuit

conpri sing a resonance condenser and a resonance inductor, and a sw tching
el enent connected in series with said Ey?éllel resonance C|rcuit, sai d
inverter circuit adapted to generate high frequency voltage by neans of
switching actions of said switching elenent; and a partially snoot hed
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 | ower than the nmaxi num

i nst ant aneous vol tage output fromsaid r i fying neans, said first diode
connected in such a polarity as to corre pond to that of discharge current

from said charge condenser, 5ai uloqﬁtd|5ﬁ9iid bet ween and
_Lthe qnor 1 on of said inductor

connected to said switching ele

and said first diode in suthla [ 0 fpernfF L current for charging
.the charge condenser to flow th nd-sal f t4hi rd di ode connect ed
in parallel with said charge atd indudctor in such a polarity

as to pernit magnetic energy accu
Trl

FIG. 33

6
_ fuy

cnzj_ V-
Trla - -—*k
TFL/ ﬁ'\ Cé

]

( FL
TH ~Trib 2

FIG. 34

L4 /6
= FL
Tr2a
2N T\Cs
—
FL2

Tr2b

FI1G. 35

This T the replacernsrit sheec}

PO = 7 Jan 1938



in the inductor to flowto the charge condenser when the charge condenser
is charged. 8. A power supply device including: a rectifying neans for
rectifying alternating current from anj4fppower supply; a first condenser
connected in parallel with an output termnal of said rectifying neans; a
di ode 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; an inverter circuit which includes a parallel
resonance circuit conprising a resonance condenser and a resonance
i nductor, and a sw tching el enepnt Qg@nectediin series with said parallel
resonance circuit, said inverte |r£u t ggapted to generate high frequency
vol tage by neans of swi tching a@ jon id switching elenent; and a
partially snmoothed circuit whic p rie? cjircuit consisting of an
i nductor, a charge condenser an firs ﬁhgc T a 4eLond di ode, and a third
di ode, said charge conded¥ada d térBe khirgef |at
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a voltage | ower than the maxi num i nstantaneous vol tage output from said
recti-fying nmeans, said first diode connected in such a polarity as to 36
correspond to that of discharge current from said charge condenser, said
second di ode di sposed between and connecggfizlto said swi tching el enent and

t he conbi nation of said inductor and said first diode in such a polarity as
to permt current for charging said charge condenser to flow therethrQugh,
and said third diode connected in parallel with said charge condenser and
said inductor in such a polarity as to permt nagnetic energy accumul ated
in said inductor to flow.tg said chagge condenser when said charge
condenser is charged. 90.Tr2 A power supply device including: a first
condenser connected to ap AC power pupply; a rectifying neans connected to
said first condenser; connected to said rectifying
means; an inverter cir bdrkl | el resonance circuit
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conprising a resonance condenser and a resonance inductor, and a sw tching
el enent connected in series with said parallel resonance circuit, said
inverter circuit adapted to generate high frequency voltage by neans of
switching actions of said switching el emggysq and a partially snoot hed
circuit which includes a series circuit consisting of an inductor, a charge
condenser and a first diode, a second diode, and a third di ode, said charge
condenser adapted to be charged at a voltage | ower than the nmaxi mum- ,

i nst ant aneous vol tage output fromsaid rectifying nmeans, said first diode
connected in such Solarity as to correspond to that of discharge current
fromsaid charge cgﬁnenser, sai d secénd di ode di sposed between and
connected to said s,'tchinglelenent and the conbjnation of said inductor
and said first diode i uc
sai d charge conde¢ tolf
in parallel w
as to permt ghet

c
char ge condens rifhaﬂ
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supply; a first condenser connected in parallel with an output termnal of
sai d-recti fying neans; a diode connected to said first condenser; a second
condenser connected in parallel with said diode; 37 an inverter circuit
which includes a parallel resonance circisbyconprising a resonance
condenser and a resonance inductor, and a switching el ement connected in
series wwth said parallel resonance circuit, said inverter circuit adapted
to generate high frequency voltage by nmeans of switching actions of said
switching elenent; and a partially snoothed 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 | ower than the nmaxi mum i nstantaneous voltage out put
fromsaid rectifying neans, 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 di ode di sposed between and connected to said switching el enent and

t he conbination of said inductor and said first diode in such a polarity as
to permt current for charging said chanﬁﬁzﬁfndenser to flow therethrough,
and said third di ode connected in parall ith said charge condenser and
said inductor in such a polarity as to permt magnetic energy accunul at ed
in the inductor to flowto the charge condenser when the charge condenser
is charged. 11. A power supply device as clained in any one of the clains
fromclaim7 to claim10, wherein said power supply device includes a
control circuit 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 during the normal operating period. 12. A power supply
device as clained in any one of the clains fromclaim7 to claim11,
wherein said power supply device includes an auxiliary charging circuit
adapted to charge said charge condenser by the tinme said inverter circuit
initiates oscillation. 13. A discharge lamp lighting device including: a
power supply device as clained in any one of the clains fromclaim-
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1 toclaim12; and a discharge |lanp or discharge |anps connected to said
power supply devi ce.
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Power Supply Device and Discharge Lamp Lighting Device
ABSTRACT

A power supply device and a discharge lamp lighting device which are
capable of reducing high harmonic elements and improving a crest factor.
A full-wave rectifying circuit 1 is connected to a commercial AC power
supply, and a first condenser Cl having a larger capacity, a diode D1 and
second condenser C2 having a smaller capacity are connected to the full-wave
rectifying circuit 1. A partially smoothed circuit consisting of a charge
condenser C3, an inductor L1 and a diode D2 is connected to the second
condenser C2. A parallel resonance circuit 4 and a collector-emitter of
a transistor Q1 are connected to the partially smoothed circuit, the parallel

resonance circuit 4 consisting of a primary winding Trla of an inverter

transformer Trl and a first resonance condenser C4. A second resonance

condenser C5 is disposed between and comnected to the emitter and the
collector of the transistor Ql. Filaments. FL1,FL2 of a fluorescent lamp
FL are connected to a secondary winding Trlb of the inverter transformer

Trl, and a starting condenser C6 is connected fio the filaments FL1,FL2.

Figure 1
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