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The invention relates to a ballast circuit for the operation of a discharge
lamp, provided with a DC-AC converter, comprising |
- a pair of AC input terminals for connection to a source of low frequency AC supply
voltage, _
- first and second DC input terminals for connection to said DC-AC converter,
- a rectifier circuit including first and second diodes coupling said AC input terminals to
said DC input terminals, | |
- buffer capacitor means coupled to said DC input terminals,
- first and second switching transistors connected in a series circuit across said first and
second DC input terminals,
- a load circuit including lamp connection terminals and inductive means,
- a coupling circuit coupling the load circuit to an AC input terminal,
- means coupled to respective control electrodes of the first and second switching
transistors for alternately driving said switching transistors into conduction and cut-off
at a high frequency.

A ballast circuit as defined in the first paragraph is described in European
Patent Application 92203651.2. Depending on the configuration of the DC-AC-
converter the coupling circuit may comprise components but can also be a connection
between the load circuit and an AC input terminal having an impedance substantially
equal to zero. It has been found that such a ballast circuit has a relatively high power
factor, when used to operate a fluorescent lamp of low power. In case a fluorescent
lamp cbnsuming a relatively high power is operated with the ballast circuit, however,
the power factor is often relatively low or even does not comply with government
standards as to line current distortion.

The invention has for its object to provide a ballast circuit that is suitable

for operating fluorescent lamps consuming a relatively high power, with a rela_tively

high power factor.
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coupffed to said DC i npis obiechisrachigved in tha thesinduetiveomeans.are campgised in an

P npud torm Rar et Gheldd 8 e lsEackl it o3F RER Tkl gl ool BACREE 1B

i ndudt i ve ngsaosd switchif® Wahsis@rs and to énecolisid DT idpat be@minads.r cuit to an AC
i nputg termnal; - nmeans coupled to respective control electrodes of the
and second swi tEtg h§ circasffectyely splits the energy desdbagk tn the busfen

hi g tr A0Skt Qbsns) Bhit oF Ntk Via MY retihiePhnbarland P8t i VEAURNCY -

first
SW t @

10

15

20

25

switching transistors or diode means connected in parallel to these switching transistors.
By means of a 'prbper choice of components, the DC-AC-cénverter will operate like a
high frequency boost converter so as to raise the voltage on the buffer capacitor means

to a value above the peak value of the low frequency AC supply voltége. High capacitor
charging currents from the supply source are therefore avoided, which promotes a high
poWer factor and low harmonic content in the supply current. It was found that a ballast |
circuit according to the invention provides a relatively high power factor even when the
fluorescvent lamp operated with the ballast circuit consumes a relatively high power.

Since the current to the buffer capacitor means is partially derived from
the DCAC-converter instead of being totally supplied by the source, relatively small |
buffer capacitor means can be used.

To prevent the fluorescent lamp from carrying a DC-current during lamp
operation, it is advantageous when the coupling circuit comprises a first capacitor.

In a preferred embodiment of a ballast circuit according to the invention
said LC-circuit comprises first and second inductors connected in series circuit between
one end of the discharge lamp and said first junction point and a second capacitor
coupled between a junction point of said first and second inductors and said one DC
input terminal. It was found that a very efficient feedback of high frequency current to
the buffer capacitor means.

In a favourable embodiment of a ballast circuit according to the invention
said buffer capacitor means comprises third and fourth capacitors connected in a first
series circuit between the DC input terminals and said first and second diodes are
connected in a second series circuit between said DC input terminals, and a second
junction point between the first and second diodes is coupled to a first AC input
terminal and a third junction point between the third and the fourth capacitor is coupled
to a second AC input terminal. The rectifier circuit and the buffer capacitor means in
this favourable embodiment form a voltage doubler. This feature makes the favourable

| —emhodiment very suitable for use when the amplitude of the low frequency AC voltage
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' second diodes is coupled to a first AC input terminal and a third junction __pomt between

the third and fourth diodes is coupled to a second AC input terminal. This further

favourable embodiment is a relatively simple circuit that was found to provide a

last circuit as defi ned in the first par JstHasBdéER ' d in
fpean Patent Application 92203651. 2. Depen m&: guration of
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- comparatively high power factor. .

10 In the embodiments described in the last two paragraphs a circuit'
comprising a series arrangement of a third inductor and a fifth capacitor and connected
between the second and third junction points provides a further boosﬁng effect. This
further boosting effect makes sure that also the feedback via the rectifier circuit chérges
the buffer capacitor means to a potential high enough to pievent the occurrence of

15 mains current peaks when the amplitude of the low frequency supply voltage is near its
maximum value. In case the coupling circuit is connected to one of the two junction
points, it was found that a very efficient feedback of energy via the rectifier circuit
from the DC-AC-converter to the buffer capacitor means could be realized.

Unless the means coupled to respective control electrodes of the first and

20 second switching transistors for alternately driving said switching transistors into

conduction and cut-off at a high frequency comprise a transforrner, it is necessary that

diode means are connected in parallel to each of said first and second switching
transistors to provide the path for part of the feedback energy.

Poilution of the source of low frequency AC voltage by high frequency
currents can be avoided by means of a filter circuit coupled between said AC input

terminals and said rectifier circuit.

Preferred embodiments of the invention will now be described in more
detail, by way of example, with reference to the accompanying drawing which shows a
circuit diagrams of the high frequency electronic ballast arrangements. '

Referring now to Figure 1 in the drawing, a low frequency AC supply
voltage, for example 120 volts, 60 Hz, is supplied to a pair of AC input terminals 1, 2
which are coupled to an EMI filter 5 consisting of a first capacitor 9 and a first inductor
6. The EMI filter is in turn coupled to the input terminals 3, 4, of a voltage doubler
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DC-AC-converter will operate |like a high frequency boost converter so as

to raise iRBIA I‘H%f e yaltage-danblercircyitfa rsneapasxtot 9 is coupled across input
terminals 1, 2 and the second capacitor 10 is connected between terminal 1 and the

5 junction point between the mductors 6 and 7. _
The voltage doubler circuit consists of a pair of diodes 11, 12 serially
connected across the DC input termmals 13, 14 of a tugh frequency DC/AC half bridge
converter 15. The voltage doubler circuit further comprises a pair of series connected
buffer capacitors 16, 17 coupled in parallel with the series connected diodes 11, 12,
L 10 A pair of series connected switching transistors 18 and 19 are coupled to
~ the DC supply terminals 13, 14, Third and fourth diodes 37 and 38 are coupled with
reverse polarity across transistors 18 and 19, respectively. One end of a discharge lamp
20, for example, a fluorescent lamp, is coupled via a capacitor 21 to the junction point
.3 of the diodes 11, 12. It is known to connect the other end of the discharge lamp 20 to
15 the junction 22 between the switching transistors 18, 19 via an inductor 23. This known
connection is shown by means of dashed lines in the drawing. However, in accordance
with the invention, in place of the single inductor 23 there is now connected an LC
circuit consisting of first and second series connected inductors 24 and 25 with a
| common junction therebetween coupled to the DC input terminal 14 via a capacitor 26.
20 The electrodes 27 and 28 of the discharge lamp are interconnected via the
series connection of a positive temperature coefficient (PTC) resistor 29 and a capacitor
30. A further capacitor 31 is connected in parailel with the series connection of the PTC
resistor and the capacitor 30. The PTC resistor provides a preheat current path for
heating the lamp electrodes prior to lamp ignition. This a conventional nre-heat circuit.
A snubber capacitor 32 connects the junction 22 to a further junction point 33 and
operates to reduce losses in the switching transistors.

A conventional control circuit 34 alternately drives the switching
transistors 18 and 19 on and off in a manner such that when one transistor is on the
other is off, and vice versa. The control circuit could be I.C. driven, but is preferably a
part of the load circuit connected between junction points 22 and 33 and could consist
of a transformer having a primary winding in series with inductors 24 and 25 and
properly phased first and second secondary windings coupled to the base and emitter
electrodes of the switching transistors 18 and 19, respectively. Respective resistors may
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\/al ue above the peak value of the | ow frequency AC supply voltage.
rcapacitor charging currents fromthe supply source are therefore
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difre?}' vide aﬂ%@?gﬁgﬁﬁﬁﬁ%w&m ng to the invention said LC-ci rcuit

prises first an _ rs"cénnected in series circuit between
end of the di sThelamp 26, 7apacitorsi, dnducters 24428 tand capiiitor 26 dsehtiagond
Aci t or a%gupl ed between a junction point of said first and second
ct or NAXAAPHTGORAN cizeuit Yehich aliows the halfj hridgesinverterdtotsalftoseillate at a
Ci enhigfhel?&f?ﬁﬁgy.of high frequency current to :
A statt circuit 35 may be provided in order to initiate operation of the
10 high frequency inverter 15. The details of this circuit are also conventional and well
- known in the prior art and therefore will not be further described.
The input current from the AC supply is a very close approximation of a
sinusoidal waveform because of the voltage boosting action via capacitor 21 and
isolating diodes 11, 12 which provide a high frequency path for the resonant energy in
15 the lamp circuit to return to the electrolytic buffer capacitors 16, 17 and thereby ensure
that the voltage across each of these capacitors is always higher than the line voltage
from the AC supply at terminals 1, 2. The capacitor 10 and the inductor 7 are a part of

the voltage booster circuit for the buffer capacitors. Energy returning from the resonant

circuit via the capacitor 21 is operative to develop a voltage across the inductor 7. This
-20 voltage is added to the AC line voltage and will attempt to ring to a higher voltage than
the buffer capacitor voltage, but will be clamped by a respective ohe of the diodes 11 or
12 to the buffer capacitor voltage. Thus, energy is returned through the diodes 11, 12 to
the buffer capacitors. An additional voltage boosting action for buffer capacitors 16 and
17 is provided by the LC circuit made up of inductor 25 and capacitor 26. By the use of
the LC circuit in place of a single inductor such as the inductor 23, we effectively split
the feedback energy supplied to the capacitors 16, 17, a part of which is derived from
the lamp via capacitor 21 and another part of which is derived from the LC circuit 24,
25 and 26. The diodes 37 and 38 provide a path to return energy to the buffer
capacitors. In the case where a transformer iS used to drive the transistors 18 and 19,
the diodes 37 and 38 can be eliminated since the secondary windings and the collector-
base junctions of the transistors provide a low impedance path for the return of energy
to the buffer capacitors. The collector-base junctions of the transistors then provide the

' diodes’ function.
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t he buffer capacitor neans. o I'n-a favourabl e enbodi nent of a
ballast circuit according to the invention said buffer capacitor neans
conprises third and fourth capacitors connected in a first series circuit
between the DC input termnals and said first and.second di odes are
connect edPHA 21.688o0nd series circuit betgveen said DC i nput termifai2sigogand a
second junction point between the first and second diodes is coupled to a

first AC input term fiadthervbltagé boosting wpetation iPptovidedcty\BRrindtictor Miwtdcand
- the fourth capacitor |s cou led to a second AC i nput term nal.

The
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. enbodi ment very sul ruse” when the anplitude of the |ow frequency AC
- vol tage In a further modification of the circuit, a capacxtor 36 may be connected

- REPLACEMENT SHEET
5 between junction point 33 and input termlnal 14. By a proper choice of the capacitors
21 and 36, the half bridge inverter circuit will act like a high frequency boost converter
to raise the voltage on each of the buffer capacitors 16 and 17 to a value above the peak
line voltage. This avoids any high capacitive charge currents from the line voltage'
supply and thereby provides an improvement in the circuit power factor and a reduction
10 in line current harmonics. In view of the improved power factor, the circuit draws a
much lower input current. _ _

As mentioned above, since the input ripple current into capacitors 16 and
17 is now pattially derived from thehigh frequency half bridge circuit rather than being
entirely derived from the low frequency (60 Hz) AC supply, smaller capacitors can now

15 be used and still maintain low ripple voltage.

The circuit diagram in figure 2 differs from that in figure 1 in that the
voltage doubler circuit (11, 12, 16, 17) has been replaced by a diode bridge
(11,12,41,42) and a capacitor 16 connecting the DC terminals 13 and 14. The operation
of a circuit according to the circuit diagram in figure 1 and will therefore not be

20 described in detail.




bdi ment of a ball ast Eirtuit - a'ccordl ng to the invention said first and
setpnd di odes are connected in a first series circuit between the DC input /
t erni nal PHARLL68F d and fourth di odes affe connected in a secondl%d2ii®92
~circuit between the DC input terminals, and a second junction point between
~the firstCleAIMSecond di odes is coupled to a first AC i nput term nal and a
~third junction point between the third and fourth ‘di odes 75 coupted-to—a

" second AC input termnal. This further favourable enbodi mm,sgléaemrs en Replaced - -
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relatively sinple circuit that was found to provide a conpa
power factor. I n the enbodi ments descri bed |n
paragraphs a circuit conprising a series.arrangenment of at
and a fifth capacitor and connected '

1. Ballast circuit for the operation of a discharge 'lémp, provided with a DC-
AC converter, compnsmg |
- a pan' of AC mput termmals for connection to a source of low frequency
AC supply voltage, .
5 - first and second DC input terminals for connection to said DC-AC
_ converter, _ '
- a rectifier circuit including first and second diodes coupling said AC input
terminals to said DC input terminals, |
- buffer capacitor means coupled to said DC input terminals,
10 - first and second switching transistors connected in a series circuit across
said first and second DC input terminals,
- | a load circuit including lamp connection terminals and inductive means,
- a coupling circuit coupling the load circuit to an AC input terminal,
- means coupled to respective control electrodes of the first and second
15 . switching transistors for alternately driving said switching transistors into
conduction and cut-off at a high frequency,
characterized in that the inductive means are comprised in an LC circuit
coupled to the discharge lamp, to a first junction point between said first
and second switching transistors and to one of said DC input terminals.
20 2. Ballast circuit as claimed in Claim 1, wherein said coupling circuit
comprises a first capacitor. -
3. ~ Ballast circuit as claimed in Claim 1 or 2, wherein said LC-circuit
comprises first and second inductors connected in series circuit between one end of the
discharge lamp and said first junction point and a second capacitor coupled between a
25 junction point of said first and second inductors and said one DC input terminal.
4, Ballast circuit as claimed in Claim 1, 2 or 3, wherein said buffer capacitor
means comprises third and fourth capacitors connected in a first series circuit between

the DC input terminals and said first and second diodes are connected in a second series
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driving sald swtching transistors into conduction and cut-off at a high
frequency temtmalse a transforner, it is necessary that diode neans are

connect n parall Q. eac sai gn
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currents can be avoided by neans of a filter circuit coupled between said

AC i nput t thindi andl fourthdliodesdre connertedrin @ segond series circuit between the. DC input
termmals, and wherein a second junction point between the first and second diodes is

coupled to a first AC input terminal and a third junction point between the third and
10 fourth diodes is coupled to a second AC input terminal. |

6. * Ballast circuit as claimed in Claim 4 or 5, further provided with a circuit

connected between said second and third junction points comprising a series

arrangement of a third inductor and and a fifth capacitor.

7. Ballast circuit as claimed in Claim 4, S or 6, wherem a termmal of the
15 coupling circuit is connected to the second junction point.

8. Ballast circuit as claimed in Claim 4, 5 or 6, wherein a terminal of the

coupling circuit is connected to the third junction point.

9. Ballast circuit as claimed in any of the preceding Claims, wherein diode

means are connected in parallel to each of said first and second switching transistor.
20 10. Ballast circuit as claimed in any of the preceding Claims, comprising a

filter circuit coupled between said AC input terminals and said rectifier means.
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red enbodi mrents of the invention will now be described in nore

by way of exanple, with reference to the acconpanying draw ng whi (ih-\'
acircuit di agrans of the high frequency. el ectroni c ball ast ~_/
arrangements. Referring nowto Figure 1 in the drawing, a | ow
frequency PHA2Ip68Y vol tage, for exanpl e9120 volts, 60 Hz, is suppliza99zo a
pair of ACinput termnals 1, 2 which are coupled to an EM filter 5
consi sti n(ABSTRALN: st capacitor 9 and a first inductor 6. The EM filter is

in turn coupled to the input termnals 3, 4, of a vol t age doubl er
. Ballast circuit.

_ A high frequency electronic ballast for a discharge lamp (20) includes an

LC filter (S) and a voltage doubler circuit (8) coupling AC input términais (1, 2) to DC
input terminals (13, 14) of a half bridge DC/AC converter circuit (15). One end of the
lamp is coupled to the capacitors (16, 17) of the voltage doubler circuit via a coupling

5 capacitor (21) and the voltage doubler diodes (11, 12) and the other end of the lamp is
coupled via an LC circuit (24, 25 and 26) to a junction point (22) between first and
second switching transistors (18, 19) of the half bridge citcuit. A capacitor (31) in
‘parallel with the lamp forms part of a resonant circuit including the lamp and the LC
circuit so that the half bridge circuit will oscillate at a high frequency. Energy is fed

10 back to the voitage doubler capacitors via the coupling capacitor and the LC circuit to

maintain the capacitor voltage above the peak of the AC supply voltage and thereby
provide a circuit with a high power factor and low harmonic line current.
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" circuit 8 via a second inductor 7 and a second capaci tor 10. The first
and second |nductors 6 and 7 are -serially connected between AC supply

term nalT d terminal 4 of the voltage doubler circuit 8. The
first cap I upled across input termnals 1, 2 and the ;econd "
capaci tor ed between termnal | and the junction poyn

bet ween t he |nductors 6 and 7. l!rz The vol t age doubl CI rcuit
consists of a pair of diodes 11, 12 “ally connected across t Q DC i nput
termnals 13, 14 of a high frequency DO AC half bridge converter 15. The

vol tage doubler circuit furtlyer rises .a pghr of series connected
buf fer capacitors 16, 17 cou EELE parallel ymth the series connected
di odes 11, 12. nected switching
transistors 18 and 19 B ‘Ieyté t he DC ply terminals 13, 14. Third
and fourth diodes 37 and B’ I éh vierse polarity across
transistors 18 and 19, rgqg JVal V. € d of} a discharge lanp 20, for
exanple, a fluorescent |4np, i oupl §d Wla#a capacitor 21 to the junction
poi nt .
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he diodes 11, 12. It is known to .connect the other end of the

¥ge lanp 20 to the junction 22 between the switching transistors 18,
P an i nductor 23. This known connection is shown by nmeans of ~dashed
in the drawi ng. However, in accordance wth the invention, in place
> single inductor 23 there is now connected an LC circuit consisting
st and second series connected |r21[|(2( ors 24 and 25 with a comon
on t herebetween coupled to the DC Input termnal 14 via a capacitor
The el ectrodes 27 and 28 of the discharge |lanp are
connected via the series cQRnection of a positive tenperature

®icient (PTC) resistor 29 a a—cafdaci tor 30.RQA further capacitor 31 is
cted in parallel with 't et %;r nection jof the PTC resistor and

t he capacitor 30. The PT r{8odi des a prgheal current path for
heating the | anp el ectrod&3 LAmeNdi gri Thi s ‘a conventi onal
pre-heat circuit. A snubber | 32%ohBcts fhe junction 22 to a
further junction point 33 an ST ses in the switching

transi stors. A i onal] comfyol ciycuit 34 alternately
drives the switching transig %8 and _#Q onfand offf in a manner such that
when one transistor is on the ==k B S .
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is off, and vice versa. The control circuit could be I.C drlven P34 A0S

I's preferably a part of the load circuit connected between junction points
22 and 33 and could consist of a transformer having a primary winding in
series with inductors 24 and 25 and properly phased first and second

- secondary w ndi ngs coupled to the base and emitter electrodes
' switching t anS| strtjrs 18 and 19,..t-espectively...Re
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The invention relates to a ballast circuit for the operation of a discharge

lamp, provided with a DC-AC converter, comprising

- a pair of AC input terminals for connection to a source of low frequency AC supply
'voltage,

- first and second DC input terminals for connection to said DC-AC converter,

- a rectifier circuit including first and second diodes coupling said AC input terminals to
said DC input terminals, | |

- buffer capacitor means coupled to said DC input terminals,

- first and second switching transistors connected in a series circuit across said first and
second DC input terminals,

- a load circuit including lamp connection terminals and inductive means,

- a coupling circuit coupling the load circuit to an AC mput terminal,

- means coupled to respective control electrodes of the first and second sw1tch1ng
transistors for alternately driving said switching transistors into conduction and cut-off

at a high frequency.

A ballast circuit as defined in the first paragraph is described in European
Patent Application 92203651.2. Depending on the configuration of the DC-AC-
converter the coupling circuit may comprise components but can also be a connection
between the load circuit and an AC input terminal having an impedance substantially
equal to zero. It has been found that such a ballast circuit has a relatively high power
factor, when used to operate a fluorescent lamp of low power. In case a fluorescent
lamp consuming a relatively high power is operated with the ballast circuit, however,
the power factor is often relat.wely low or even does not comply with govemment
standards as to line current distortion.

The invention has for its object to p.rovide a ballast circuit that is suitable
for operating fluorescent lamps consuming a relatively high power, with a relatively.

high power factor. -
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be connected in series with the secondary w ndings in thejbase—e+retits—o
the transistors. In this way, a self-oscillating high frequan%DgaA%{?
converter can be achieved. The precise nmethod of driving {he i 7
transistors is not critical to the invention and various ¢ther_drive

met hods for the transistors are avail abl e2and woul d provi fle satisfactory
operation of the cirguit. . . . . The l.anp 20, capaéitor—3i;—
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which allo b ' ' 0 | s ' '

frequency. TC R pIeX (BE dieKEigehmb? s IfldorhdinCherdot B frst ape
initiate opwmond iswitching tthansisioy$ afid éojvae of saidVRCtigput kermifils. details of this
circuit are also co enLi onal ,and wel| known in the prior art and therefore
“will not be further (G pequit effectively splits the-prergyrfsedbaskte dhe bufferm t he AC
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circuit to,return to the electrolytic buffer capacitors 16, 17 and thereby
ensur e By means of a proper choice of components, the DC-AC-converter will operate like a

high frequency boost converter so as to raise the voltage on the buffer capacitor means
to a value above the peak value of the low frequency AC supply voltage. High capacitor
charging currents from the supply source are therefore avoided, which promotes a high
power factor and low harmonic content in the supply current. It was found that a ballast
circuit according to the invention provides a relatively high power factor even when the
fluorescvent lamp operated with the ballast circuit consumes a relatively high power.

- Since the current to the buffer capacitor means is partially derived from
the DCAC-converter instead of being totally supplied by the source, relatively small
buffer capacitor means can be used.

To prevent the fluorescent lamp from carrying a DC-cirrent during lamp
operation, it is advantageous when the coupling circuit comprises a first capacitor. |

In a preferred embodiment of a ballast circuit according to the invention
said LC-circuit comprises first and second inductors connected in series circuit between
one end of the discharge lamp and said first junction point and a second capacitor
coupled between a junction point of said first and second inductors and said one DC
input terrninal. It was found that a very efficient feedback of high frequency current to
the buffer capacitor means. _

In a favourable embodiment of a ballast circuit according to the invention
said buffer capacitor means comprises third and fourth capacitors connected in a first
series circuit between the DC input terminals and said first and second diodes are
connected in a second series circuit between said DC input terminals, and a second
junction point between the first and second diodes is coupled to a first AC input
terminal and a third junction point between the third and the fourth capacitor is coupled
to a second AC input terminal. The rectifier circuit and the buffer capacitor means in
this favourable embodiment form a voltage doubler. This feature makes the favourable

embodiment very suitable for use when the amplitude of the low frequency AC voltage
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' favourable embodiment is a relatively simple circuit that was found to provide a

comparatively high power factor.
| In the embodiments described in the last two paragraphs a circuit
comprising a series arrangement of a third inductor and a fifth capacitor and connected
between the second and third junction pbmts provides a further boosting effect. This
further boosting effect makes sure that also the feedback via the rectifier circuit charges
the buffer capacitor means to a potential high enough to prevent the occurrence of
mains current peaks when the amplitude of the low frequency supply voltage is near its
maximum value. In case the coupling circuit is connected to one of the two junction

- points, it was found that a very efficient feedback of energy via the rectifier circuit
from the DC-AC-converter to the buffer capacitor means could be realized.

Unless the means coupled to respective control electrodes of the first and
second switching transistors for alternately driving safd switching transistors into
conduction and cut-off at a high frequency comprise a transformer, it is necessary that
diode means are connected in parallel to each of said first and second switching
transistors to provide the path for part of the feedback energy.

Pollution of the source of low frequency AC voltage by high frequency
currents can be avoided by means of a filter circuit coupled between said AC input
terminals and said rectifier circuit.

Preferred embodiments of the invention will now be described in more
detail, by way of example, with reference to the accompanying drawing which shows a |
circuit diagrams of the high frequency electronic ballast arrangements.

Referring now to Figure 1 in the drawing, a low frequency AC supply
voltage, for example 120 volts, 60 Hz, is supplied to a pair of AC input terminals 1, 2 &
which are coupled to an EMI filter 5 consisting of a first capacitor 9 and a first inductor
6. The EMI filter is in turn coupled to the input terminals 3, 4, of a voltage doubler
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A further voltage boosting operation is ﬁ)r pvi ded by the

i nductor 7 which operates as a sort of vdltage source thaf drives current

t hrough the isaolating diodes 11

circuit 8 via a second inductor 7 and a second capacitor 10. The first and second
inductors 6 and 7 are serially connected between AC supply terminal 2 and the input
terminal 4 of the voltége doubler circuit 8. The first capacitor 9 is coupled across input
terminals 1, 2 and the second capacitor 10 is connected between terminal 1 and .the
junction point between the inductors 6 and 7.

The voltage doubler circuit consists of a pair of diodes 11, 12 serially
connected across the DC input terminals 13, 14 of a high frequency DC/AC half bridge
converter 15. The voltage doubler circuit further comprises a pair of series connected
buffer capacitors 16, 17 coupled in paralle]l with the series connected diodes 11, 12.

A pair of series connected switching transistors 18 and 19 are coupled to
the DC supply terminals 13, 14. Third and fourth diodes 37 and 38 are coupled with
reverse polarity across transistors 18 and 19, respectively. One end of a discharge lamp
20, for example, a fluorescent lamp, is coupled via a capacitor 21 to the junction point

.3 of the diodes 11, 12. It is known to connect the other end of the discharge lamp 20 to

the junction 22 between the switching transistors 18, 19 via an inductor 23. This known
connection is shown by means of dashed lines in the drawing. However, in accordance
with the invention, in place of the single inductor 23 there is now connected an LC
circuit consisting of first and second series connected inductors 24 and 25 with a
common junction therebetween coupled to the DC input terminal 14 via a capacitor 26.

The electrodes 27 and 28 of the discharge lamp are interconnected via the
series connection of a positive temperature coefficient (PTC) resistor 29 and a capacitor
30. A further capacitor 31 is connected in parallel with the series connection of the PTC
resistor and the capacitor 30. The PTC resistor provides a preheat current path for
heating the lamp electrodes prior to lamp ignition. This a conventional pre-heat circuit.
A snubber capacitor 32 connects the junction 22 to a further junction point 33 and
operates to reduce losses in the switching transistors.

A conventional control circuit 34 alternately drives the switching
transistors 18 and 19 on and off in a manner such that when one transistor is on the
other is off, and vice versa. The control circuit could be I.C. driven, but is preferably a
part of the load circuit connected betWeen junction points 22 and 33 and could consist
of a transformer having a primary winding in series with inductors 24 and 25 and
properly phased first and second secondary windings coupled to the base and emitter-
electrodes of the switching transistors 18 and 19, respectively. Respective resistors may
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high frequency. _

A start circuit 35 may be provided in order to initiate operation of the
high frequency inverter 15. The details of this circuit are also conventional and well
known in the prior art and therefore will not be further described.

The input current from the AC supply is a very close approximation of a
sinusoidal waveform because of the voltage boosting action via capacitor 21 and
isolating diodes 11, 12 which provide a high frequency path for the resonant energy in
the lamp circuit to return to the electrolytic buffer capacitors 16, 17 and thereby ensure
that the voltage across each of these capacitors is always higher than the line voltage
from the AC supply at terminals 1, 2. The capacitor 10 and the inductor 7 are a part of
the voltage booster circuit for the buffer capacitors. Energy returning from the resonant
circuit via the capacitor 21 is operative to develop a voltage across the inductor 7. This
voltage is added to the AC line voltage and will attempt to ring to a higher voltage than
the buffer capacitor voltage, but will be clamped by a respective one of the diodes 11 or
12 to the buffer capacitor voltage. Thus, energy is returned through the diodes 11, 12 to
the buffer capacitors. An additional voltage boosting action for buffer capacitors 16 and
17 is provided by the LC circuit made up of inductor 25 and capacitor 26. By the use of
the LC circuit in place of a single inductor such as the inductor 23, we effectively split
the feedback énergy supplied to '_the capacitors 16, 17, a part of which is derived from
the lamp via capacitor 21 and axiother part of which is derived from the LC circuit 24,
25 and 26. The diodes 37 and 38 provide a path to return energy to the buffer
capacitors. In the case where a transformer is used to drive the transistors 18 and 19,
the diodes 37 and 38 can be eliminated since the secondary windings and the collector-
base junctions of the transistors provide a low impedance path for the return of energy
to the buffer capacitors. The collector-base junctioné of the transistors then provide the

diodes’ function.
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A further voltage boosting operation is provided by the inductor 7 which
operates as a sort of voltage source that drives current through the isolating diodes [1
and 12 into the capacitors 16, 17.

In a further modification of the circuit, a capacitor 36 may be connected
between junction point 33 and input terminal 14. By a proper choice of the capacitors
21 and 36, the half bridge inverter circuit will act like a high frequency boost converter
to raise the voltage on each of the buffer capacitors 16 and 17 to a value above the peak
line voltage. This avoids any high capacitive charge currents from the line voltage
sixpply and thereby provides an improvement in the circuit power factor and a reduction
in line current harmonics. In view of the improved power factor, the circuit draws a
much lower input current. .

As mentioned above, since the input ripple current into capacitors 16 and
17 is now partially derived from thehigh frequency half bridge circuit rather than being
entirely derived from the low frequency (60 Hz) AC suppiy, smaller capacitors can now
be used and still maintain low ripple volitage.

The circuit diagram in figure 2 differs from that in figure 1 in that the
voltage doubler circuit (11, 12, 16, 17) has been replaced by a diode bridge
(11,12,41,42) and a capacitor 16 connecting the DC terminals 13 and 14. The operation
of a circuit according to the circuit diagram in figure 1 and will therefore not be
described in detail.
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aci tor neans

coupled to said DC input termnals, - first and setond

swi tching transistors connected in a series circuit across
said first and second DC i nput term nals,

l. Ballast circuit for the operation of a discharge lamp, provided with a DC-

AC converter, comprising

- a pair of AC input terminals for connection to a source of low frequency

AC supply voltage,

- first and second DC input terminals for connection to said DC-AC

converter,

- a rectifier circuit including first and second diodes coupling said AC input

terminals to said DC input terminals,
- buffer capacitor means coupled to said DC input terminals,

- first and second switching transistors connected in a series circuit across

said first and second DC input terminals,

- a load circuit including lamp connection terminals and inductive means,
- a coupling circuit coupling the load circuit to an AC input terminal,
- means coupled to respective control electrodes of the first and second

switching transistors for alternately driving said switching transistors into

conduction and cut-off at a high frequency,

characterized in that the inductive means are comprised in an LC circuit
~coupled to the discharge lamp, to a first junction point between said first
and second switching transistors and to one of said DC ini:ut terminals.
2. Ballast circuit as claimed in Claim 1, wherein said coupling circuit

comprises a first capacitor.

3. Ballast circuit as claimed in Claim 1 or 2, wherein said LC-circuit

comprises first and second inductors connected in series circuit between one end of the
discharge lamp and said first junction point and a second capacitor coupled between a
junction point of said first and second inductors and said one DC input terminal. -

4. Ballast circuit as claimed in Claim 1, 2 or 3, wherein said buffer capacitor

means comprises third and fourth capacitors connected in a first series circuit between
the DC input terminals and said first and second diodes are connected in a second series
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conprises a first capacitor. 3. last circuit as clai'ned
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Ballast circuit as clained in Claim1, 2 or erern sai
capaci t or second diodes are connected in a first series cxrcmt between the DC input terminals and

third and fourth diodes are connected in a second series circuit between the DC input
terminals, and wherein a second junction point between the first and second diodes is
coupled to a first AC input terminal and a third junction point between the third and
fourth diodes is coupled to a second AC input terminal.

6. Ballast circuit as claimed in Claim 4 or 5, ﬁlrther.provided with a circuit: -
connected between said second and third junction points comprising a series

arrangement of a third inductor and and a fifth capacitor.

7. Ballast circuit as claimed in Claim 4, 5 or 6, wherein a terminal of the
coupling circuit is connected to the second junction point.

8. Ballast circuit as claimed in Claim 4, 5 or 6, wherein a terminal of the
coupling circuit is connected to the third junction point.

9. Ballast circuit as claimed in any of the preceding Claims, wherein diode
means are connected in parallel to each of said first and second switching transistor.
10. Ballast circuit as claimed in any of the preceding Claims, comprising a

filter circuit coupled between said AC input terminals and said rectifier means.
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ABSTRACT:

Ballast circuit.

A high frequency electronic ballast for a discharge lamp (20) includes an
LC filter (S) and a voltage doubler circuit (8) coupling AC input terminals (1, 2) to DC
input terminals (13, 14) of a half bridge DC/AC converter circuit (15). One end of the
lamp is coupled to the capacitors (16, 17) of the voltage doubler circuit via a coupling
capacitor (21) and the voltage doubler diodes (11, 12) and the other end of the lamp is
coupled via an LC circuit (24, 25 and 26) to a junction pomt (22) between first and
second sthchmg transxstors (18, 19) of the half bridge circuit. A capacitor (31) in

"parallel with the lamp forms part of a resonant circuit including the lamp and the LC

circuit so that the half bridge circuit will oscillate at a high frequency. Energy is fed
back to the voltage doubler capacitors via the coupling capacitor and the LC circuit to
maintain the capacitor voltage above the peak of the AC supply voltage and thereby
provide a circuit with a high poWgr factor and low harmonic line current.
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9. Ballast circuit as clainmed in any of the preceding d ains,

wher €i n di ode means are connected in parallel to each of Yoetp E -
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of the preceding Cains, conprising a filter circuit coup] el between said
AC input termnals and said rectifier neans. 1 28 FEB 1997
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