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(54) Inverter for a gas discharge lamp and stepwise variable frequencies

(57)  The invention relates to an inverter for feeding
a gas discharge lamp, comprising: a direct voltage
source; at least two switch elements incorporated in a
bridge circuit; a control circuit for controlling the switch
elements so that the bridge circuit continuously gener-
ates an alternating voltage; at least one ballast induct-
ance connected to one of the output terminals of the
bridge circuit; and at least one gas discharge lamp con-
nected between the ballast inductance and the other
output terminal of the bridge circuit, wherein the control
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circuit is adapted to apply at its output terminals a con-
trol signal to the switch elements of the bridge circuit so
that the alternating voltage generated by the bridge cir-
cuit changes frequency stepwise in time between at
least three frequencies.

According to a preferred embodiment the time
duration for which a signal of a determined frequency is
generated depends on the value of the frequency.
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Description

The invention relates to an inverter for feeding a gas
discharge lamp, comprising:

- adirect voltage source;

- at least two switch elements incorporated in a
bridge circuit;

- a control circuit for controlling the switch elements
so that the bridge circuit continuously generates an
alternating voltage;

-  at least one ballast inductance connected to one of
the output terminals of the bridge circuit; and

- at least one gas discharge lamp connected
between the ballast inductance and the other out-
put terminal of the bridge circuit.

Such an inverter is known from US-A-5 569 984.

In high-frequency feed of gas discharge lamps,
which is per se attractive in respect of the attractive
dimensioning of the frequency-dependent components
which goes together with high frequencies, it is gener-
ally known that acoustic resonances can occur in gas
discharge lamps. If they persist for long enough, such
acoustic resonances can result in destruction of the
lamp or in considerable shortening of the lifespan of the
lamp.

The above mentioned literature reference therefore
teaches choosing the power supply frequency of the
gas discharge lamp such that at the chosen frequency
acoustic resonance is prevented. Once a frequency has
been chosen the inverter will continue to operate at the
said frequency.

In order to choose the correct frequency a selection
procedure is run during start-up of the lamp. Use is
made herein of a parameter of the lamp to be monitored
outside the lamp, such as light output and the like, which
is used as indicator for the occurrence of acoustic reso-
nance. If this parameter gives an indication for the
occurrence of acoustic resonance a following frequency
is chosen. After a time this procedure is completed and
the feed of the lamp is retained with the chosen fre-
quency wherein no resonance occurs.

From US-A 5 365 151 is known a similar circuit,
wherein the gas discharge lamp is also fed with different
frequencies and wherein the frequency of the lamp is
changed for instance to vary the light output or the col-
our of the light generated by the lamp. This relates how-
ever to two separate frequencies or a frequency which
varies continuously within a frequency range.

The circuit known from the first literature reference
has the drawback that in the course of time, for instance
due to thermal phenomena, the properties of the lamp
change so that, at a determined power supply fre-
quency wherein initially no acoustic resonance
occurred, acoustic resonance can begin to occur after a
period of time. This could result in the above stated
drawbacks.
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The object of the present invention is therefore to
provide such a circuit wherein the above stated draw-
backs are obviated.

Finally, the journal article "White-Noise Modulation
of High-Frequency High-Intensity Discharge Lamp Bal-
lasts” by Laskai et al. describes a circuit wherein the
power is modulated continuously in a random distribu-
tion in order to prevent inter alia acoustic resonance;
stepwise varying of the frequency is not discussed here
either.

The present invention will be elucidated hereinbe-
low with reference to the annexed drawings, in which:

figure 1 shows a schematic diagram of a circuit
according to the present invention;

figure 2 shows a view of the sequence of the vari-
ous frequencies as according to a first embodiment;
figure 3 shows a view corresponding with figure 2 of
a second embodiment; and

figure 4 shows a diagram of a voltage source with
variable voltage which can be used in the present
invention.

Shown in figure 1 is an inverter 1 which is fed by a
direct voltage source 2. This latter is formed for instance
by a rectifier, for instance a controllable rectifier which
rectifies alternating voltage coming from an alternating
voltage mains supply. It is otherwise also possible to
make use of a direct voltage mains supply.

The actual inverter 1 comprises four switch ele-
ments 3,4,5,6 which are connected in the form of a
bridge. In the present embodiment the switch elements
are each formed by bipolar transistors. It will be appar-
ent that it is possible to apply other switch elements
such as FETs or other elements designed from semi-
conductor configurations. A freewheel diode 12 is con-
nected in parallel to each of these elements.

The lamp circuit is connected to the output termi-
nals 7,8. The lamp circuit is formed by a ballast 9 and by
a gas discharge lamp 10. A control circuit 11 is arranged
for controlling switch elements 3,4,5,6. The control cir-
cuit is formed essentially by for instance a microproces-
sor which is provided with a suitable drive circuit for
driving the control electrodes of the switch elements.
Use is preferably made of a micro-controller provided
with a sequence counter.

The control herein is such that the frequency of the
signal generated at the output terminals 7,8 is inde-
pendent of the impedance connected thereto. In this
case the ballast coil 9 does not therefore form an implicit
part of the oscillator circuit.

It is thus apparent that the control circuit 11 can fully
determine the frequency of the output signal.

The frequency is herein determined such that it var-
ies stepwise at discrete time intervals.

Such a configuration is shown for instance in figure
2. Herein during the first time duration from the point in
time ty to the point in time t; the frequency of the oscil-
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lator circuit is chosen at F4, from point in time t; to t, at
F4, fromt, to t3 at F» and so on.

In this embodiment the starting point is six separate
frequencies which are stored for instance in the memory
of control circuit 11. Thus is avoided that the lamp is
operated for such a long period at a particular frequency
that acoustic resonance possibly occurring at said fre-
quency results in destruction phenomena; the fre-
quency has already been changed again to another
frequency before this is the case.

It is however possible to make a choice from a
larger number of frequencies.

It is equally unnecessary to cause the frequencies
to repeatedly run through a cycle but instead to choose
the frequencies in a random sequence.

In this embodiment a frequency following a first fre-
quency is always chosen which is separated by at least
one other frequency. The successive frequencies are
thus located relatively far away from each other.
Achieved herewith is that if acoustic resonance were to
occur at a random frequency the following frequency is
located so far away therefrom that it is certain no acous-
tic resonance will occur at the following frequency.

In the above stated embodiment the time durations,
i.e. the time durations between the points in time tg, t1,
1> and so on are always the same.

According to another embodiment which is shown
in figure 3, the time durations for which a frequency is
generated are proportional to the frequency. An attempt
is made here to distribute the power frequency spec-
trum as much as possible; the power fed to the lamp is
in any case inversely proportional to the frequency as a
result of the presence of the inductance 9.

According to yet another embodiment the fre-
quency between two successive points in time is modu-
lated to a very slight extent. The danger of acoustic
resonance is herein reduced still further.

In the choice of the frequencies and the time dura-
tions a strategy can further be applied which aims at
power regulation of the lamp. At nominal voltage gas
discharge lamps have a power which gradually varies
as a result of ageing processes. By adapting frequency
and time duration this phenomenon can be compen-
sated. The frequency and time duration regulation can
of course also be used to vary the light output in order to
obtain a dimmer operation.

It is further possible during start-up of the lamp to
chose the collection of frequencies and the associated
time durations such that start-up takes place as opti-
mally as possible. The properties of a gas discharge
lamp anyway change during start-up as a consequence
of the increase in the temperature and the like.

Finally, it is also possible when a power supply
source with a variable voltage is used, as shown in fig-
ure 2, to vary the voltage originating therefrom, whereby
the power supplied to the lamp can be varied. This
power regulation can be combined with variation of the
collection of frequencies and variation in the length of
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the different time durations.

The adjustable voltage source is supplied by an
alternating voltage source 25 and comprises a mains fil-
ter 26, a rectifier 27 and a controllable control element,
for instance a FET 12, a smoothing choke 13, a diode
14 and a current measuring resistor 15. A control circuit
16 is arranged for control. This can be combined with
the control circuit 4 of the foregoing embodiments.

Such control circuits are per se known, for instance
as the commercially available circuit MSC 60028.

Control circuit 16 is connected to both sides of the
current measuring resistor 15. Control circuit 16 is fur-
ther connected by means of a controllable feedback net-
work 18 to the output terminals. Feedback network 18
comprises a resistance divider comprising two resistors
19,20 and a controllable attenuation network which is
connected in parallel to the second resistor 20 and
which is formed in the present embodiment by a parallel
circuit of four series connections of a resistor 21 and an
electronic switch 22.

By controlling each of the four switches 22 the
attenuation and thus the output voltage can therefore be
set to 16 different values, this being controllable by con-
trol circuit 16. This results in an extensive adjustment
option with simple means.

The values of resistors 19,20,21 are of course cho-
sen so that the output voltage of the circuit can be var-
ied in the vicinity of the nominal voltage, for instance
between 350 V and 450 V.

Claims

1. Inverter for feeding a gas discharge lamp, compris-
ing:

- adirect voltage source;

- at least two switch elements incorporated in a
bridge circuit;

- a control circuit for controlling the switch ele-
ments so that the bridge circuit continuously
generates an alternating voltage;

- at least one ballast inductance connected to
one of the output terminals of the bridge circuit;
and

- at least one gas discharge lamp connected
between the ballast inductance and the other
output terminal of the bridge circuit,
characterized in that the control circuit is
adapted to apply at its output terminals a con-
trol signal to the switch elements of the bridge
circuit so that the alternating voltage generated
by the bridge circuit changes frequency step-
wise in time between at least three frequen-
cies.

2. Inverter as claimed in claim 1, characterized in
that the time duration for which a signal of a deter-
mined frequency is generated depends on the
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value of the frequency.

Inverter as claimed in claim 2, characterized in
that the time duration for which a high frequency is
generated is longer than the time duration wherein
a low frequency is generated.

Inverter as claimed in any of the foregoing claims,
characterized in that the frequency of the gener-
ated alternating voltage is modulated to a slight
extent within a time duration with substantially con-
stant frequency, wherein the frequency change is
smaller than the difference between frequencies
generated during different time durations.

Inverter as claimed in any of the foregoing claims,
characterized in that the generated frequencies
are chosen from a collection of discrete frequencies
and that frequencies following one another in time
are separated by at least one intermediate fre-
quency.

Inverter as claimed in any of the foregoing claims,
characterized in that the voltage generated by the
direct voltage source is adjustable.

Inverter as claimed in claim 6, characterized in
that the direct voltage source comprises a regulat-
ing circuit to which the output voltage of the circuit
is fed via a controllable feedback network.

Inverter as claimed in claim 6 or 7, characterized
in that the voltage generated by the voltage source
is controlled for adjustment of the power supplied to
the lamp.

Inverter as claimed in any of the foregoing claims,
characterized in that the control circuit is remotely
controllable.

Inverter as claimed in any of the foregoing claims,
characterized in that the control circuit is adapted
to control the frequency and the time duration of the
frequency of the bridge circuit in order to adjust
herewith the power supplied to the lamp.

Inverter as claimed in claim 7, 8 or 9, character-
ized in that the control circuit is adapted to choose
the frequencies during the start-up phase of the
lamp such that the lamp is started up optimally.

10

15

20

25

30

35

40

45

50

55



EP 0 893 943 A1

- nooHY Lo
£ I Gl S 14 W
—_— e b9 5 o 4 b
N rrarrreTa e TS e T
e Y
o~y N
7
U g =+
o~ = "
NWT\_ B N
fllu(/)oN\r\I




EP 0 893 943 A1

o
o~
1 I . |

- N;‘ A

18

- o~
o~ ™~

= 8

o~

14
Ny
A

13

R
PR

- 5@ “%
e I'-L\
) S { ‘
’ W, N —7N
N <
]
>
>
=
n .
NS Y
2 ~
(.
ﬂ\

L



EPO FORM 1503 03.82 (PD4CO1)

9

EP 0 893 943 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 97 20 2310

DOCUMENTS CONSIDERED TO BE RELEVANT
Catego Citation of document with indication. where appropriate, Relevant CLASSIFICATION OF THE
gery of relevant passages to claim APPLICATION (Int.Cl.6)
Y EP 0 397 334 A (EMI PLC THORN) 1,2,4,5,| HO5B41/00
10,11 HO5B41/29
* column 4, Tine 16 - column 7, line 37;
figures I-6 *
D,Y US 5 365 151 A (SPIEGEL NORBERT ET AL) 1,2,4,5,
10,11
* column 3, Yine 47 - column 5, line 32;
figures 1-4 *
A US 5 481 163 A (NAKAMURA KENJI ET AL) 6-8
* the whole document *
A US 4 523 128 A (STAMM THOMAS A ET AL) 9
* the whole document *
A US 5 394 064 A (RANGANATH KRISHNAPPA ET
AL)
A EP 0 746 186 A (NIPPON DENSO CO)
J— TECHNICAL FIELDS
A EP 0 291 223 A (EMI PLC THORN) SEARCHED _ (mCl®)
- HO5B
A EP 0 066 927 A (PHILIPS PATENTVERWALTUNG
;PHILIPS NV (NL))
A EP 0 744 883 A (PRAEZISA IND ELEKTRONIK)
A EP 0 633 711 A (TOTO LTD)
The present search report has been drawn up for all claims
Place of search Date of compietion of the search Examiner
THE HAGUE 1 December 1997 Albertsson, E
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y :particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
Attechnological backgroUnd e e
O ! non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

