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ELECTRONIC DEVICE FOR POWERING A GAS
DISCHARGE ROAD FROM A LOW FREQUENCY
SOURCE

BACKGROUND OF THE INVENTION

1.Field of the Invention

The present invention relates to single stage elec-
tronic energy converter operated from an alternating
power line, and capable of supplying, at the output, a
load such as gas discharge lamp.

2. Description of Prior Art

The electronic energy converters, or as sometimes
called “switching power supplies” need to operate di-
rectly from the alternating power line. Electric utility
companies are setting requirements for specific groups
of electricity-powered appliances in regards to power
quality drawn by these appliances.

The electronic ballast, as one of the appliances, is
used in large quantities in lighting fixtures. In general, to
meet the industry requirements in regards to power
quality, an electronic ballast has to meet two fundamen-
tal requirements: (i) draw power from the power line
with a power factor (PF) of at least 0.9, (ii) draw cur-
rent from the power line with a total harmonic distor-
tion (THD) of less than 20 percent.

The electronic ballast has to meet other requirements
related to compatability with a lamp-load. The elec-
tronic ballast shall provide lamp current crest factor of
less than 1.7, where the “crest factor” is equal to a peak
magnitude of the lamp current divided by its effective
(RMS) value. This can be, in many situations, related to
maximum allowable modulation of the lamp current
magnitude, which is responsible for light flicker. It is
desirable to have a constant power delivered to the
lamp-load over the entire cycle of the voltage supplied
by the power line.

In order to convert the low frequency alternating
voltage of a conventional power line (120 Volts/60 Hz
or 220 Volts/50 Hz) to a high frequency (typically from
10 to 100 kHz) alternating voltage or current source,
one has to rectify the signal from the power line, to a
DC voltage which later is converted, by switching
transistors, to the high frequency source.

Conventional off-line rectifiers have a capacitive
smoothing filter located beyond a diode rectifier circuit.
This smoothing capacitor causes harmonic distortion of
the current waveform during periods in which the recti-
fied output is higher than the voltage over the smooth-
ing capacitor, and during which time the capacitor
charges up. This charging time, or conduction angle, is
very small if large capacitor is used, and all the required
charge has to be loaded into the capacitor in a short
period of time. This results in a large current output
from the rectified supply during the short conduction
angle, and causes the- current spikes in the rectified
supply. These current spikes increase the harmonic
content of the power supply, and when a number of
ballasts are being used, this increased harmonic distor-
tion causes a poor power factor in the supply. This
situation is not accepted upon by electricity supply
authorities, and it causes interference with other electri-
cal equipment.

Techniques for improving power factor include pas-
sive waveform shaping methods. One of them is de-
scribed in U.S. Pat. No. 5,150,013 issued to Bobel. This
method requires an inductor to operate in a resonant
mode with a capacitor, and the resonant frequency is
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approximately 180 Hz when power line frequency is 60
Hz. This method is very inexpensive and reliable. How-
ever, the inductor must be large in size.

It is also known to use a storage conversion principle,
whereby an inductor is controlled at high frequency in
order to allow charging of the smoothing capacitor
over a wide conduction angle. The system however
requires a control circuit for the storage converter,
known also as “boost converter”, in order to regulate
the discharge of energy from the storage inductor. Such
a use of the storage conversion principle requires addi-
tional noise filtering because of large amount of noise is
being generated by switching devices. The circuit is
very complex and expensive to produce. Furthermore,
the second stage converter is necessary to convert the
DC voltage source to the high frequency alternating
voltage or current source. This type of circuit is de-
scribed in U.S. Pat. No. 5,049,790 issued to Herfurth. It
is also known to use a single stage converter which
draws near sinusoidal current from the sinusoidal power
line source, and delivers high frequency current to the
lamp-load. In this principle, which uses resonant oscilla-
tory circuit having ability to store and release energy,
portion of the resonant energy is re-directed from the
output to the input of the converter. This method cre-
ates large circulating currents within the oscillatory
circuits, thus causes large amount of power being dissi-
pated within the converter. The following patents de-
scribe single stage inverters which have portion of the
energy from the output redirected to the input of the
converter, and exibit large amount of power dissapa-
tion.:

U.S. Pat. No. Patentee
4,017,785 Perper
4,109,307 Knoll
4,642,745 Steigerwald et al.
4,782,268 Fahnrich et al.
4,808,887 Fahnrich et al.
4,985,664 Nilssen
4,954,754 Nilssen
5,010,277 Courier de Mere
5,134,556 Courier de Mere
5,113,337 Steigerwald
5,099,407 Thorne
5,103,139 Nilssen

It is highly desirable to have a simple and low cost
single stage electronic ballast to solve problems of the
above inventions and meet all the industry require-
ments.

However, this applicant is not aware of any prior art
relevant to an integrated, single stage electronic energy
converter wherein, the energy used to correct the
power factor is not re-directed from the output to the
input of the device.

SUMMARY OF THE INVENTION

An object of the invention is to provide a relatively
simple, cost effective, highly reliable and highly effi-
cient electronic ballast for a variety of gas discharge
loads and power level requirements.

Another object is that of providing integrated into a
single stage and operated with high power factor from
the power line, an electronic energy converter having a
resonant boosting circuit naturally and automatically
synchronized with a load connecting and energizing
resonant circuit.
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Another object of the invention is that of providing
an integrated into a single stage electronic energy con-
verter wherein, the energy used to correct the power
factor is not re-directed from the output to the input of
the device, and is rather stored within and released by
the resonant boosting circuit integrated with the volt-
age rectifier circuit, at the input of the converter.

In accordance with the present invention, there is
provided an electronic device adapted for powering a
gas discharge load from a low frequency alternating
voltage source, the device having DC terminals and
comprising:

a rectifier circuit having unidirectional devices con-
nected to form AC input terminals and a pair of
output terminals which form positive and negative
DC terminals, respectively, and the rectifier circuit
having each of the unidirectional devices exhibit-
ing a switching action characterized by an ON-
time period when conducting electrical current,
and characterized by OFF-time period when not
conducting electrical current;

a resonant boosting circuit operable to provide be-
tween the DC terminals a variable DC voltage
having an absolute peak magnitude higher then
absolute peak magnitude of a rectified voltage of
the alternating voltage source, and the resonant
boosting circuit comprising: (i) boosting induc-
tance connected in circuit between the AC input
terminals and the alternating voltage source, and
(ii) bosting capacitance connected in parallel with
the unidirectional devices of the rectifier circuit;
energy-storage capacitor having input terminals
and connected with a diode in a series circuit
which is connected between the DC terminals, the
diode having its anode electrode connected to the
positive DC terminal, and the diode being opera-
tive, in conjunction with the energy-storage capac-
itor, to develop between the input terminals a DC
input voltage separated from the variable DC volt-
age, and the energy-storage capacitor being opera-
tive to receive the energy from the resonant boost-
ing circuit during the OFF-time period and when-
ever an instantaneous magnitude of the variable
DC voltage is higher than an instantaneous magni-
tude of the DC input voltage;

a switching transistor inverter connected to the ener-
gy-storage capacitor and having two alternately
conducting transistors connected to form a com-
mon junction therebetween; and

a resonant oscillator circuit coupled to the DC termi-
nals and to the common junction of the switching
transistor inverter, being operable to draw from the
DC terminals a pulsating current conducted by the
unidirectional devices, and comprising: (i) an in-
ductive element and a capacitive element being
adapted to have the gas discharge load driven
thereby, and (ii) an oscillation control circuit oper-
able to deliver to the alternately conducting tran-
sistors a oscillation control signal to cause the reso-
nant oscillator circuit to oscillate with a frequency
which is maintained in proportion to a modulated
amplitude of the variable DC voltage;

wherein, the pulsating current, when drawn from the
DC terminals, is causing the unidirectional devices
to exibit the switching action, thus causing the
resonant boosting circuit to store and release en-
ergy during ON-time and OFF-time periods being
proportional to a time period of a half-cycle associ-
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4

ated with the frequency of oscillation of the reso-
nant oscillator circuit; the boosting inductance and
the boosting capacitance are operable to resonantly
interact, and have a resonant frequency near or
equal to the frequency of oscillation of the resonant
oscillator circuit, and the resonant interaction is
naturally and automatically synchronized with the
oscillation of the resonant oscillator circuit; each of
the alternately conducting transistors having a
duty cycle associated with the conduction and the
duty cycle is automatically modulated in propor-
tion to the instantaneous amplitude of the variable
DC voltage; the frequency of oscillation of the
resonant oscillator circuit is considerable faster
than a half-cycle frequency of the alternating volt-
age source; whereby, an instantaneous magnitude
of a current drawn from the alternating voltage
source is substantially proportional to an instanta-
neous magnitude of the voltage of the alternating
voltage source.

A further feature of the invention is provided in
which the resonant oscillator comprising: (i) an induc-
tor and a capacitor connected in series and being
adapted to power the gas discharge load effectively
connected in parallel with the capacitor, and (i) a
switching feedback transformer being responsive to an
instantaneous magnitude of the pulsating current and
operable to deliver to the alternately conducting tran-
sistors a switching signal proportional to the instanta-
neous magnitude of the pulsating current, and to cause
the resonant oscillator circuit to oscillate with a fre-
quency which is automatically maintained to be directly
proportional to a modulated amplitude of the variable
DC voltage.

A further feature of the invention is provided in
which the resonant oscillator circuit being operable to
draw from the DC terminals a pulsating current con-
ducted by the unidirectional devices, and to develop a
pulsating voltage at its output terminals, and the reso-
nant oscillator circuit comprising: (i) an inductor, a
capacitor, and the gas discharge load, all being effec-
tively connected in a parallel circuit adapted to power
the gas discharge load, and the parallel circuit being
connected between the output terminals, and (i) a
switching feedback windings magnetically coupled to
the resonant inductor and operable to deliver to the
alternately conducting transistors a switching signal
proportional to the instantaneous magnitude of the pul-
sating voltage, and operable to cause the resonant oscil-
lator circuit to oscillate with a frequency which is auto-
matically maintained directly proportional to a modu-
lated amplitude of the variable DC voltage.

In accordance with the present invention, the boost-
ing inductance can be either: (i) in the form of a simple
inductor, (ii) in the form of a sectored common mode or
a differential inductor, or (iii) in the form of two inde-
pendent inductors.

In accordance with the present invention the rectifier
circuit can be either in the form of a full-wave rectifier
bridge circuit or a doubler circuit.

In accordance with the present invention, the boost-
ing capacitance comprising one or more capacitors is
connected in parallel with selected one or more unidi-
rectional devices of the rectifier means.

In accordance with the present invention, the reso-
nant oscillator circuit having one or more of the gas
discharge lamps effectively connected in parallel with
the capacitor, either in non-isolated or isolated configu-
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ration, wherein an isolation transformer and the induc-
tor can be integrated into one magnetic structure.

Further features of the present invention will become
apparent from the description below of preferred em-
bodiments of the invention, made by way of example
only, and with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 schematically illustrates the invention in its
first embodiment.

FIG. 2, FIG. 3, FIG. 4(a) and FIG. 4(b) show frag-
mentary illustrations of the alternative versions of the
embodiments of FIG. 1, FIG. 5, and FIG. 7.

FIG.5 schematically illustrates the invention in its
second embodiment.

FIG.6 shows an alternative version of the embodi-
ments of FIG.1 and FIG.5.

FIG.7 schematically illustrates the invention in its
third embodiment.

FI1G.8, FIG.9, FIG. 10, and FIG.12 show fragmen-
tary illustrations of the alternative versions of the em-
bodiments of FIG. 1, FIG.5 and FIG.7.

FIG. 13 (g, b, ¢), shows various waveforms associated
with operation of the device of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In FIG.1 rectifier diodes D1,D2,D3,D4 are con-
nected in the form of a full-wave rectifier bridge having
two AC input terminals 5,6 and two DC output termi-
nals 7,8. The terminal 7 is the positive one (V +) and the
terminal 8 is the negative one (V—).

A boosting and rectifying bridge BRB includes the
diodes D1,D2,D3,D4 and has capacitors C1,C2,C3,C4
connected across each diode, respectively. The capaci-
tors are equal in value which is approximately 10 nF.

A four-terminal boosting inductor BI has power input
terminals 1,2 and output terminals 3,4. An inductor L1
is connected between terminals 1 and 3. Further, an
inductor L2 is connected between terminals 2 and 4.
The terminal 3 is connected to the terminal 5, and the
terminal 4 is connected to terminal 6.

An alternating voltage source AVS is connected to
the terminals 1 and 2.

A voltage separating diode VSD is connected with its
anode electrode to the terminal V+.

A storage capacitor SC (having a value of approxi-
mately 33 uF) is connected at its positive terminal the
cathode electrode of the diode VSD, forming an inter-
mediate node VDC. The negative terminal of the ca-
pacitor SC is connected directly with the terminal V—.

A half-bridge switching transistor inverter STI has a
bipolar transistor Q1 (of the type MJE 13005) con-
nected at its collector electrode to the intermediate
node VDC. The transistor Q1 has its emitter electrode
connected to a node M. A further npn transistor Q2
(like the transistor Q1, of the type MJE 13005) of the
inverter STT has its collector electrode connected to the
node M. The transistor Q2 has its emitter electrode
connected to the terminal V—.

A resonant oscillator RO1 has a DC blocking capaci-
tor BC (having a value of approximately 0.1 uF), and a
resonant capacitor RC1 (having a value of approxi-
mately 18 nF), and a resonant inductor RI1 (having a
value of approximately 1 mH), and a primary winding
W1 of a feedback transformer FT, all connected in
series between terminal V+ and the node M, via fila-
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ments F1 and F2 of a gas discharge lamp FL1. Thereby,
the gas discharge lamp (of the type Dulux E 26W by
Osram) is effectively connected across the resonant
capacitor RC1. The feedback transformer is equipped
with two secondary windings W2, W3 connected
across base-emitter junctions of the transistors Q1 and
Q2, respectively.

FIG. 2 illustrates a fragment of a resonant oscillator
RO2 as an alternative version of the resonant oscillator
RO1. Two gas discharge lamps FL21, FL22 are con-
nectd in series. The lamps FL21, FL22 have resonant
capacitors RC21, RC22 connected in parallel, respec-
tively.

FIG. 3 illustrates a fragment of a resonant oscillator
RO3 as another alternative version of the resonant oscil-
lator ROY. Two gas discharge lamps FL31, FL32 are
connected in series and have one resonant capacitor
RC31 connected thereby. The filaments of the gas dis-
charge lamps are powered by secondary windings of a
resonant inductor RI3.

FIG.4(a) illustrates a fragment of a resonant oscillator
RO4 as another alternative version of the resonant oscil-
lator RO1. An isolation transformer 401 is connected at
its primary winding 402 across a resonant capacitor
RC41. The secondary winding 403 of the transformer
401 is used to power three fluorescent lamps FL41,
FLA2, F143 connected in series.

FIG.4(d) illustrates a fragment of resonant oscillator
RO44 as yet another alternative version of the resonant
oscillator RO1. An isolation transformer 501 has a pri-
mary winding 502 and a secondary winding 503. The
transformer is constructed in such a way that a leakage
inductance exists in a magnetic coupling between the
windings, and the leakage inductance serves a function
of a resonant inductance, forming a resonant circuit
with a capacitor CR55 and gas discharge lamps FL55,
FL56.

In FIG. 5 the transistor Q1 is connected at its collec-
tor electrode to the intermediate terminal VDC, via
winding N1 of a DC inductor DCI. Further, the transis-
tor Q2 is connected at its emitter electrode to the termi-
nal V—, via winding N2 of the DC inductor DCIL. A
resonant oscillator RO5 has a resonant capacitor RC5
connected in parallel with a primary winding L.15 of a
resonant inductor RI5, forming a pair of output termi-
nals OT1, OT2. A DC blocking capacitor BCS is con-
nected between terminal V4 and terminal OT2. The
terminal OT2 is connected to the node M. Two gas
discharge lamps F1.51, FL52 are coupled to the output
terminals, via a secondary winding 125 of the inductor
RIS. Additional secondary windings L4,L5 of the reso-
nant inductor RI5 are connected between base-emitter
junctions of the transistors Q1 and Q2, respectively.

In FIG.6 which is an alternative version of the cir-
cuits of FIG.1 and FIG.5, a resonant capacitor RC6 is
connected in parallel with a primary winding 116 of a
resonant inductor RI6, forming a pair of output termi-
nals OT1, OT2. A DC blocking capacitor BC6 is con-
nected between terminal V4 and terminal OT2. The
terminal OT1 is connected with the node M, via pri-
mary winding W1 of the feedback transfomer FT. The
secondary windings W2,W3 of the feedback trans-
former FT are connected between base-emitter junc-
tions of the transistors Q1 and Q2, respectively. Fur-
ther, secondary windings 1.6, L7 of the resonant induc-
tor RI6 are also connected between base-emitter junc-
tions of the transistors Q1 and Q2, respectively.
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In FIG.7 a control circuit CC is used to provide a
switching signal to the bases of the transistors Q1 and
Q2. The control circuit is also connected to the termi-
nals V+ and V—.

Referring now to FIG.8, FIG.9 and FIG. 10 which
are illustrating alternative versions of the boosting in-
ductor BI1. A boosting inductor BIB is a simple induc-
tor connected between terminals 1 and 3. A boosting
inductor BI9 is a differential type inductor having two
windings 109 and 110. A boosting inductor BI10 is
common mode type inductor having two windings 111
and 112.

In FIG.11 a boosting and rectifying bridge BRB11 is
a alternative version of the boosting and rectifying
bridge BRB1 of FIG.1. The capacitors C2 and C4 of
FIG.1 are now replaced by a capacitor C5 connected
between terminals 7 and 8.

A boosting and rectifying voltage doubler BRVD of
FIG. 12, may be substituted for the boosting and recti-
fying bridge BRB1 of FIG.1. The diodes D2 and D4 of
FIG.1 are omitted in this version which is another alter-
native of the emodiments of the present invention.

In FIG. 1, the alternating voltage source AVS repre-
sents an ordinary electric utility power line (120
Volts/60 Hz) which is connected through the inductor
BI with the rectifier bridge of the boosting and rectify-
ing bridge BRB. When the rectified voltage is present
between terminals V+ and V—, the energy-storage
capacitor SC is charged instantly, and high charging
current will be flowing through diodes of the rectifier
bridge. The boosting inductor BI, in conjunction with
the boosting capacitors, forming a high frequency noise
filter which is necessary for reduction of noise level, as
required by the government regulations.

The device starts its oscillations by triggering pro-
vided with a commonly known diac circuit (not shown)
or can be initiated simply by momentarily connecting of
a capacitor between the V+ terminal and the base of
transistor Q2. For better understanding of the operation
of the device, let assume that the alternating voltage, as
per FIG. 13 (a), is at the beginning of the positive half-
cycle when the transistor Q2 is switched into its con-
duction state. When the transistor Q2 is in the conduc-
tion state, the resonant oscillator RO1 is effectively
connected between terminals V+ and V—. The reso-
nant oscillator RO1 draws a pulsating current from
these terminals, and the current is also circulated
through the diodes of the boosting and rectifying bridge
BRB. Diodes D2 and D3 of the bridge BRB are con-
ducting current to supply energy to the energy-storage
capacitor SC, and to the resonant oscillator RO1, and to
the lamp load FL1, and to charge the boosting inductor
and boosting capacitors connected across diodes D1
and D4. Diodes D1 and D4 of the bridge BRB are not
conducting continous current supplied by the power
line when the voltage of that line is positive. Therefore,
the capacitors connected across diodes D1,D4 are
charged up to that voltage magnitude which is present
at that time. The pulsating current ends its pulse after a
predetermined time period associated with the fre-
quency of the resonant oscillator RO1. Then, the tran-
sistor Q1 is switched into its conduction state, and tran-
sistor Q2 is switched into its open state. The energy
stored in the boosting inductor and boosting capacitors
is naturally released and provided as auxiliary voltage,
having an instantaneous magnitude higher than the
rectified voltage provided by power line at the time. As
a result, a variable DC voltage is developed between
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terminals V4, V—, as per FIG.13(b). The energy-stor-
age capacitor SC is instantly charged-up to a voltage
magnitude which is a result of a natural integration. The
frequency of oscillation of the resonant oscillator is
approximately 35 kHz. Therefore, during the positive
half-cycle of the voltage supplied by the power line, the
diodes D2 an D3 will be conducting pulsed current 291 -
times.

When the power line voltage is near its peak, the
auxiliary voltage, when added to the power line volt-
age, would normally cause a very high instantaneuos
voltage between terminals V+ and V — to be present, if
not for a switching feedback arrangement instant re-
sponse. The resonant oscillator having the feedback
transformer responsive to the instantaneous magnitude
of the pulsating current, adjusts its frequency in such a
way, that the auxiliary voltage is instantly adjusted to
effect the amplitude of the variable DC voltage to be
instantly lowered, as shown in FIG.13(b). The transis-
tors’ duty cycle is also instantly adjusted. The complete
circuit is naturally and automatically synchronized and
self-controlled. The resonant frequency associated with
the resonant oscillator is also chosen to satisfy a funda-
mental reliability rule of this type of device: impedance
of the resonant circuit shall be always inductive, despite
of variations of the load magnitude or power line volt-
age magnitude. In order to produce a high power factor
and a low THD, the boosting capacitance and boosting
inductance are tuned to relatively the same frequency as
is the oscillation frequency of the resonant oscillator
RO1.

The voltage separating diode VSD permits charging
of the energy-storage capacitor SC, whenever the vari-
able DC voltage rises above voltage present at the time
across the capacitor SC. Thereby, a constant DC volt-
age is developed across terminals of the capacitor SC, as
shown in FIG. 13(c). The alternately conducting transi-
tors Q1, Q2 are operated by the feedback transformer
FT to connect the resonant oscillator circuit RO1 alter-
nately to the variable DC voltage developed between
terminals V+, V~—, and to a voltage equal to a sum of
instantaneous magnitudes of the constant DC voltage
and the variable DC voltage. Thus, the constant DC
voltage serves as an effective energy reserve, activated
when is needed to provide a relatively constant power
to the lamp-load, over the cycle of the alternating volt-
age provided by the source AVS.

Naturally, the energy-storage capacitor SC is being
partially charged from the power line and partially
from the energy storing boosting capacitors and boost-
ing inductor BI. In result, the waveform of the current
drawn from the power line become proportional to the
voltage waveform of that line. Then, the power factor
of the entire device is near 0.99 and total harmonic
distortion of the current drawn from the power line is
less than 10 percent..

At the time, when the power line voltage is at its
negative half cycle, the diodes D1 and D4 are conduct-
ing the continous line current, and the diodes D2 and
D3 are conducting the pulsating current. The diodes
D2, D3 perform a boost switching function, when the
diodes D1, D4 perform a boost rectifying function. The
two pairs of diodes reverse their functions, when the
power line voltage reverses from positive to negative
and vice-versa. Also, the boosting capacitors C2 and C3
along with the boosting inductor BI provide the auxil-
iary voltage across terminals V4 and V—. All other
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functions of the device components are the same as in
the positive half-cycle of the power line voltage.

FIG.5, attached hereto, represents the device in its
second embodiment. The circuit shown here is identical
in operation to the one of FIG. 1, with the exception
that the resonant elements are connected here in paral-
lel. The switching feedback is accomplished with use of
secondary windings L4, L5 operable to provide switch-
ing signal proportional to the pulsating voltage which is
developed across both resonant elements.

Device of FIG.6 is the alternative version of devices
of FIG. 1 and FIG. 5, wherein the switching signal
provided to the switching transistors Q1, Q2 is a combi-
nation of: (i) signal proportional to the resonant voltage
and provided by windings L6 and L7, and (ii) signal
proportional to the pulsating current provided by the
feedback transformer. Otherwise, the circuit of FIG.6 is
identical in operation to the circuit of FIG.1.

Referring now to FIG.7, in the circuit of the third
embodiment of the device, the switching feedback ar-
rangement is substituted by a switching control circuit
CC. The frequency of switching is dynamically con-
trolled in reference to the varjable DC voltage ampli-
tude developed between terminals V + and V —. Other-
wise, the device operates identically to the device of
FIG. 1.

It will thus be appreciated that the described ballast
circuit. provides a relatively simple, cost-effective,
highly reliable and highly efficient electronic ballast,
which can be easily constructed to all varieties of gas
discharge lamps and power level requirements.

It will be further appreciated that the described bal-
last circuit provides an improved single stage inverter
having resonant boosting circuit integrated with the
voltage rectifier. Additionally, the same resonant boost-
ing circuit is operating as filter to reduce high frequency
noise level.

It will be further appreciated that the described bal-
last circuit provides an improved circuit in which the
energy is stored and released by the resonant boosting
circuit for the purpose of correcting the power factor
and providing for relatively constant power to be deliv-
ered to the lamp-load.

It will be further appreciated that the described bal-
last circuit provides unique and novel arrangement
having one resonant oscillating circuit adapted to con-
nect and energize the lamp-load, and the second reso-
nant boosting circuit for the purpose described above,
wherein both resonant circuit being naturally and auto-
matically synchronized and arranged to dynamically
interact.

It will be further appreciated that the described bal-
last circuit provides a single stage integrated electronic
energy converter, wherein the energy to correct the
power factor is not re-directed from the output to the
input, and is rather stored within and released by the
resonant boosting circuit, at the input of the device.

It will be further appreciated that the device as de-
scribed herein, operate in a manner that the waveform
of the current drawn from the alternating voltage
source is proportional to the waveform of the voltage
source.

It is believed by this applicant that the present inven-
tion and its several advantages and features will be
understood from the foregoing description. However, it
will be apparent to a person skilled in the art that with-
out departing from the spirit of the invention, changes
may be made in its form and in the construction and
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10
interrelationships of its component parts, the forms
herein presented merely representing presently pre-
ferred embodiments.
I claim:
1. An electronic device adapted for powering a gas
discharge load from a low frequency alternating volt-
age source, the device having DC terminals and com-
prising:
rectifier means having unidirectional devices con-
nected to form AC input terminals and a pair of
output terminals which form positive and negative
DC terminals, respectively, and the rectifier means
having each of the unidirectional devices exibit a
switching action characterized by an ON-time per-
iod when conducting electrical current, and char-
acterized by an OFF-time period when not con-
ducting electrical current;
resonant boosting means operable to provide between
the DC terminals a variable DC voltage having
absolute peak magnitude higher than absolute peak
magnitude of a rectified voltage of the alternating
voltage source, and the resonant boosting means
comprising: (i) boosting inductance means con-
nected in circuit between the AC input terminals
and the alternating voltage source, and (ii) boosting
capacitance means connected in parallel with the
unidirectional devices of the rectifier means;

energy-storage means having input terminals and
connected with a diode means in a series circuit
which is connected between the DC terminals, the
diode means having its anode electrode connected
to the positive DC terminal, and the diode means
being operative, in conjunction with the energy-
storage means, to develop between the input termi-
nals a DC input voltage separated from the variable
DC voltage, and the energy-storage means being
operative to receive the energy from the resonant
boosting means during the OFF-time period and
whenever an instantaneous magnitude of the vari-
able DC voltage is higher than an instantaneous
magnitude of the DC input voltage;

semiconductor switching means connected to the
energy-storage means and having two alternately
conducting transistors connected to form a com-
mon junction therebetween;

resonant oscillator means connected to the positive

DC terminal of the variable DC voltage and to the
common junction of the semiconductor switching
means, the resonant oscillator means being opera-
ble to draw from the DC terminals a pulsating
current conducted by the unidirectional devices,
and the resonant oscillator means comprising: (i) an
inductor and a capacitor connected in series and
being adapted to power the gas discharge load
effectively connected in parallel with said capaci-
tor, and (ii) a switching feedback transformer being
responsive to an instantaneous magnitude of the
pulsating current and operable to deliver to the
semiconductor switching means a switching signal
proportional to the instantaneous magnitude of the
pulsating current, and to cause the resonant oscilla-
tor means to oscillate with a frequency which is
automatically maintained to be directly propor-
tional to a modulated amplitude of the variable DC
voltage;

wherein, the pulsating current, when drawn from the

DC terminals, is causing the unidirectional devices
to exibit the switching action, thus causing the
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resonant boosting means to store and release en-
ergy during ON-time and OFF-time periods being
proportional to a time period of a half-cycle associ-
ated with the frequency of oscillation of the reso-

12
means, the resonant oscillator means being opera-
ble to draw from the DC terminals a pulsating
current conducted by the unidirectional devices,
and to develop a pulsating voltage at its output

nant oscillator means; the boosting inductance 5 terminals, and the resonant oscillator means com-
means and the boostin.g capacitance means are prising: (i) an inductor, a capacitor and the gas
operable to resonantly interact, and have a reso- discharge load being effectively connected in a
nant frequency near or equal to the frequency of parallel circuit adapted to power the gas discharge
oscillation of the resonant oscillator means, and the load, and the parallel circuit being connected be-
resonant %nterac’_cion is natu.rally and automatically 10 tween the output terminals, and (i) switching feed-
synchronized with the oscillation of the resonant back windings magnetically coupled to the reso-
oscillator means; each of the alternately conduct- nant inductor and operable to deliver to the semi-
ing transistors having a duty cycle associated with conductor switching means a switching signal pro-
the conduction, and said duty cycle is automati- portional to an instantaneous magnitude of the
cally modulated in proportion to the modulated 15 pulsating voltage, and operable to cause the reso-
amplitude of the variable DC voltage; the fre- nant oscillator means to oscillate with a frequency
quency of oscillation of the resonant oscillator which is automatically maintained directly propor-
means is considerable faster than half-cycle fre- tional to a modulated amplitude of the variable DC
quency of the alternating voltage source; voltage

whereby, an instantaneous magnitude of a current 20 ;

drawn from the alternating voltage source is sub-
stantially proportional to an instantaneous magni-
tude of the voltage of the alternating voltage
source.

wherein, the pulsating current, when drawn from the

DC terminals, is causing the unidirectional devices
to exibit the switching action, thus causing the
resonant boosting means to store and release en-
ergy during ON-time and OFF-time periods being

2. An electronic device adapted for powering a gas 25
discharge load from a low frequency alternating volt-
age source, the device having DC terminals and com-
prising:

rectifier means having unidirectional devices con-

nected to form AC input terminals and a pair of
output terminals which form positive and negative
DC terminals, respectively, and the rectifier means
having each of the unidirectional devices exibit a
switching action characierized by an ON-time per-
iod when conducting electrical current, and char- 35
acterized by an OFF-time period when not con-
ducting electrical current;

resonant boosting means operable to provide between

the DC terminals a variable DC voltage having
absolute peak magnitude higher than absolute peak 40
magnitude of a rectified voltage of the alternating
voltage source, and the resonant boosting means
comprising: (i) boosting inductance means con-
nected in circuit between the AC input terminals
and the alternating voltage source, and (ii) bosting 45
capacitance means connected in parallel with the
unidirectional devices of the rectifier means,
energy-storage means having input terminals and 3. An electronic device adapted for powering a gas
connected with a diode means in a series circuit ~ discharge load from a low frequency alternating volt-
which is connected between the DC terminals, the 50 2ge source, the device having DC terminals and com-
diode means having its anode electrode connected prising:
to the positive DC terminal, and the diode means rectifier means having unidirectional devices con-

proportional to a time period of a half-cycle associ-

ated with the frequency of oscillation of the reso-

nant oscillator means; the boosting inductance

means and the boosting capacitance means are

30 operable to resonantly interact, and have a reso-
nant frequency near or equal to the frequency of
oscillation of the resonant oscillator means, and the
resonant interaction is naturally and automatically
synchronized with the oscillation of the resonant
oscillator means; each of the alternately conduct-
ing transistors having a duty cycle associated with
the conduction and said duty cycle is automatically
modulated in proportion to the modulated ampli-
tude of the variable DC voltage; the frequency of
oscillation of the resonant oscillator means is con-
siderable faster than half-cycle frequency of the
alternating voltage source;

whereby, an instantaneous magnitude of a current
drawn from the alternating voltage source is sub-
stantially proportional to an instantaneous magni-
tude of the voltage of the alternating voltage
source.

being operative, in conjunction with the energy-
storage means, to develop between the input termi-
nals a DC input voltage separated from the variable
DC voltage, and the energy-storage means being
operative to receive the energy from the resonant
boosting means during the OFF-time period and
whenever an instantaneous magnitude of the vari-
able DC voltage is higher than an instantaneous
magnitude of the DC input voltage;
semiconductor switching means connected to the
energy-storage means and having two alternately
conducting transistors connected to form a com-
mon junction therebetween;

resonant oscillator means connected to the positive
DC terminal of the variable DC voltage and to the
common junction of the semiconductor switching

60

65

nected to form AC input terminals and a pair of
output terminals which form positive and negative
DC terminals, respectively, and the rectifier means
having each of the unidirectional devices exibit a
switching action.characterized by an ON-time per-
iod when conducting electrical current, and char-
acterized by OFF-time period when not conduct-
ing electrical current;

resonant boosting means operable to provide between

the DC terminals a variable DC voltage having
absolute peak magnitude higher than absolute peak
magnitude of a rectified voltage of the alternating
voltage source, and the resonant boosting means
comprising: (i) boosting inductance means con-
nected in circuit between the AC input terminals
and the alternating voltage source, and (ii) boosting
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capacitance means connected in parallel with the
unidirectional devices of the rectifier means,

energy-storage means having input terminals and
connected with a diode means in a series circuit
which is connected between the DC terminals, the
diode means having its anode electrode connected
to the positive DC terminal, and the diode means
being operative, in conjunction with the energy-
storage means, to develop between the input termi-
nals a DC input voltage separated from the variable
DC voltage, and the energy-storage means being
operative to receive the energy from the resonant
boosting means during the OFF-time period and
whenever an instantaneous magnitude of the vari-
able DC voltage is higher than an instantaneous
magnitude of the DC input voltage;

semiconductor switching means connected to the
energy-storage means and having two alternately
conducting transistors connected to form a com-
mon junction therebetween;

resonant oscillator means coupled to the DC termi-

nals and to the common junction of the semicon-
ductor switching means, being operable to draw
from the DC terminals a pulsating current con-
ducted by the unidirectional devices, and compris-
ing: (i) an inductive element and a capacitive ele-
ment being adapted to have the gas discharge load
driven thereby, and (ii) an oscillation control
means operable to deliver to the semiconductor
switching means a oscillation control signal to
cause the resonant oscillator means to oscillate
with a frequency which is maintained in proportion
to a modulated amplitude of the variable DC volt-
age,

wherein, the pulsating current, when drawn from the

DC terminals, is causing the unidirectional devices
to exibit the switching action, thus causing the
resonant boosting means to store and release en-
ergy during ON-time and OFF-time periods being
proportional to a time period of a half-cycle associ-
ated with the frequency of oscillation of the reso-
nant oscillator means; the boosting inductance
means and the boosting capacitance means are
operable to resonantly interact, and have a reso-
nant frequency near or equal to the frequency of
oscillation of the resonant oscillator means, and the
resonant interaction is naturally and antomatically
synchronized with the osciliation of the resonant
oscillator means; each of the alternately conduct-
ing transistors having a duty cycle associated with
the conduction and said duty cycle is automatically
modulated in proportion to the modulated ampli-
tude of the variable DC voltage; the frequency of
oscillation of the resonant oscillator means is con-
siderably faster than a half-cycle frequency of the
alternating voltage source;

whereby, an instantaneous magnitude of a current

drawn from the alternating voltage source is sub-
stantially proportional to an instantaneous magni-
tude of the voltage of the alternating voltage
source.

4. Device according to claims 1, 2 or 3, wherein the
rectifier means can be either in the form of a full-wave
rectifier bridge circuit, or a doubler circuit.

5. Device according to claims 1, 2 or 3, wherein the
boosting inductance means can be either: (i) in the form
of a simple inductor, (ii) in the form of a sectored com-
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mon mode or a differential inductor, or (iii) in the form
of two independent inductors.

6. Device according to claims 1, 2 or 3, wherein the
boosting capacitance means comprises one or more
capacitors connected in parallel with selected one or
more unidirectional devices of the rectifier means.

7. Device according to claims 1, 2 or 3, wherein the
resonant oscillator means having one or more of the gas
discharge lamps is effectively connected in paraliel with
the capacitor either in a non-isolated or an isolated
configuration, and an isolation transformer and the in-
ductor can be integrated into one magnetic structure.

8. Electronic device operating directly from an alter-
nating voltage source, having a rectifier integrated with
a resonant boosting means operable to store and release
energy in a periodical manner, and said device compris-
ing:

a high frequency oscillator provided with switching
means having a switching frequency and a switch-
ing duty cycle, said oscillator being equipped with
a load circuit adapted to have a gas discharge load
energized thereby, and the device being character-
ized by the fact, that the high frequency oscillator
draws a pulsating current from the rectifier output
in a periodical manner, causing a switching action
of the rectifier, and causing the resonant boosting
means to: (i) store and release the energy in a time
period proportional to a time of a half-cycle of the
switching frequency, and (ii) operate to develop at
the rectifier output a variable DC voltage having
absolute peak magnitude higher then absolute peak
magnitude of a rectified voltage of the alternating
voltage source;

wherein, the switching frequency and switching duty
cycle being proportional to a modulated amplitude
of the variable DC voltage, and the high frequency
oscillator is naturally and automatically synchro-
nized with the resonant boosting means, in such a
way, that the switching action, as well as the peri-
odical manner of energy storage and release, being
determined by the switching frequency and the
switching duty cycle of the switching means;

whereby, an instantaneous magnitude of a current
drawn from the alternating voltage energy source
is substantiaily proportional to an instantaneous
magnitude of the voltage of the alternating voltage
source.

9. An electronic device for powering a gas discharge
load from a low frequency power line source wherein
the device draws a current proportional to a voltage of
the power line, the device comprising:

a resonant oscillator circuit having a switching tran-
sistor and adapted to energize the gas discharge
load;

a power line voltage rectifier; and

a resonant boosting circuit integrated into the power
line voltage rectifier to perform boost switching
and rectifying functions developed by and syn-
chronized with a pulsating current drawn from the
rectifier by the resonant oscillator circuit.

10. An inverter device for a high power factor cur-

rent supply to a load, the device comprising:

rectifier means receiving an input voltage from an
AC power source and providing at an output a
pulsating DC voltage source having voltage of
absolute peak magnitude higher than absolute peak
magnitude of the rectified input voltage;
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unidirectional device means coupled to the pulsating
DC voltage source;

energy storage means receiving energy from the pul-
sating DC voltage source via the unidirectional
device and providing at DC terminals a relatively

constant DC voltage; and
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inverter circuit means connected in parallel with the
energy storage means and comprising:
(i) semiconductor switching means receiving the
constant DC voltage and operable in a periodical
ON and OFF manner; and
(ii) resonant oscillator means coupled to the semi-
conductor switching means and providing a high

frequency signal to the load.
* %x % * %
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