
The invention relates to a circuit arrangement for operating a discharge 



lamp by means of a high-frequency current, comprising        switching
means for generating the high-frequency current from a supply
voltage,        a modulator for the substantially square-wave modulation of
the amplitude of        the high-frequency current with a modulation
frequency f, and -       means M for limiting the interference with
infrared systems caused by the        discharge lamp.                  Such
a circuit arrangement is described in European Patent Application with
Application no. 92200255.5 not previously published.              The
circuit arrangement is suitable for operating discharge lamps, in
particular low-pressure discharge lamps, more in particular electrodeless
low-pressure 



discharge lamps.              During lamp operation by means of the circuit
arrangement described therein, a substantially square-wave modulated
high-frequency voltage is present across the discharge lamp, to be referred
to as the lamp hereinafter. The frequency and phase, of the substantially
square-wave modulation of the high-frequency voltage across the lamp are
the same as the frequency and phase of the substantially square-wave
modulation of the high-frequency current. At the start of each square wave
of the substantially square-wave modulated high-frequency voltage, the lamp
is re-ignited by the high-frequency voltage which then acts as a
re-ignition voltage. After this the amplitude of the high-frequency voltage
drops to a substantially constant lamp- dependent value owing to the fact
that the lamp becomes conducting, and the high- frequency voltage causes
the high-frequency current to flow through the lamp during the square wave.
In the remaining portion of each cycle of the substantially square-wave
modulation of the high-frequency voltage, practically no voltage is present
across the   



2  lamp and practically no current flows through the lamp.The lamp is
dimmed in that a duty cycle [err] of the substantially square-wave
modulation of the high-frequency voltage is adjusted. It was found that the
luminous efficacy is comparatively high and substantially independent of
the luminous flux with this dimming method.              The means M in the
circuit arrangement described in the European Patent  Application not
previously published comprise means for limiting the amplitude of the
re-ignition voltage with which the discharge lamp is re-ignited at the
start of each 



square wave. The circuit arrangement may also be provided with means for
limiting the speed with which the amplitude of the high-frequency current
drops at the end of each square wave of the square-wave modulation. These
measures each produce a considerable reduction in the interference with
infrared systems caused by the discharge lamp. A disadvantage of the known
circuit arrangement, even if provided with the two measures indicated
above, however, is that a lamp operated by means of this circuit
arrangement still causes a certain amount of interference with infrared
systems.                 The invention has for its object inter alia to
provide a circuit arrangement with which the degree of interference with
infrared systems caused by a lamp operated on the circuit arrangement is
reduced.              According to the invention, this object is achieved
in that the means M of a circuit arrangement of the kind mentioned in the
opening paragraph comprise means N for providing a gradual increase in the
speed with which the amplitude of the high 



frequency current decreases at the end of a square wave of the square-wave
modulation.              During lamp operation utilizing the circuit
arrangement described in the European Patent Application with Application
no. 92200255.5 not previously published, the speed with which the amplitude
of the high-frequency current decreases at the end of each square wave
changes abruptly from substantially zero to a comparatively high value.
This abrupt change causes a sharp angle in the square-wave form between the
substantially constant level corresponding to stationary lamp operation and
the trailing edge of the square wave. The substantially square-wave
modulation modulates both the luminous flux of the visible light radiated
by the discharge lamp and the luminous flux of the infrared light radiated
by the discharge lamp. Interference with infrared systems is caused by this
substantially square-wave modulation of the infrared flux. The      



3  presence of a sharp angle in the square-wave causes a comparatively
great intensity in the infrared light radiated by the lamp at comparatively
high frequencies in the frequency spectrum of the power of the square-wave
modulated infrared flux. Since infrared systems often use such
comparatively high frequencies, the interference with infrared systems is
caused to a considerable extent by the sharp angle in the square- wave
form. The means N effect a rounding of the sharp angle in the square-wave
form of both the substantially square-wave modulated high-frequency voltage
and the substantially square-wave modulated high-frequency current. This
rounding effect causes the intensity of the infrared light radiated by the
lamp at comparatively high frequencies to decrease, whereby the
interference with infrared systems decreases. It was found that the
reduction in interference with infrared systems is greater in proportion as
the speed 



with which the amplitude of the high-frequency current decreases at the end
of each square wave rises more slowly.              In a circuit
arrangement according to the invention comprising a converter provided with
a switching element for generating a DC voltage from a supply voltage, from
which DC voltage the high-frequency current is generated during lamp
operation, the means N may be advantageously realised in the form of means
which gradually increase the speed with which the duty cycle of the
switching element decreases at the end of each square wave. This gradual
increase in the speed with which the duty cycle of the switching element
decreases causes a gradual increase in the speed with which the DC voltage
decreases, and thus a corresponding gradual increase in the speed with
which the amplitude of the high-frequency current decreases.
To realise a further suppression of interference with infrared systems, it
is possible to provide the circuit arrangement with means for limiting the
re-ignition voltage at the beginning of each square wave and/or means for
limiting the speed with which the amplitude of the voltage across the lamp
decreases at the end of each square wave. These two measures are described
in the European Patent Application cited above 



and not previously published with Application No. 92200255.5. In a circuit
arrangement comprising a converter provided with a switching element for
generating from a supply voltage a DC voltage from which a high-frequency
current is generated during lamp operation, these two measures may be
implemented in a comparatively simple manner in that the circuit
arrangement is provided with means for limiting the duty cycle at the
beginning of each square wave and/or means for limiting the speed with
which the duty
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decreases at the end of each square wave. 



Embodiments of the invention will be explained in more detail with
reference to a drawing.              In the drawing, Fig. 1 is a block
diagram of an embodiment of a circuit arrangement according to the
invention;              Fig. 2 shows the embodiment of Fig. 1 in more
detail, and              Fig. 3 shows a waveform of a square wave of a
square-wave modulated high-frequency current generated by means of the
embodiment of Fig. 2, and a waveform of a square wave of a square-wave
modulated high-frequency current generated by means of a circuit
arrangement as described in the European Patent Application with
Application no. 92200255.5 not previously published and not provided with
means for gradually increasing the speed with which the amplitude of the
high- frequency current decreases at the end of each square wave.  



In Fig. 1, K1 and K2 are input terminals suitable for connection to a
supply voltage source. I are switching means for generating a
high-frequency current from a supply voltage supplied by the supply voltage
source. II is a modulator for the substantially square-wave modulation of
an amplitude of the high-frequency current with a modulation frequency f.
Modulator II is also provided with means N for gradually increasing the
speed with which the amplitude of the high-frequency current decreases at
the end of a square wave of the square-wave modulation. Modulator II is
coupled to switching means I. An output of switching means I is coupled to
a lamp IV. Modulator II is also coupled to switching means VIII for
adjusting a duty cycle [err] of the substantially square-wave modulated
high-frequency current.              The operation of the circuit
arrangement shown in Fig. q is as follows.              When the input
terminals K1 and K2 are connected to a supply voltage source, the switching
means I generate a high-frequency current which is modulated into a
substantially square-wave form by the modulator II with a modulation
frequency 



f. The means N achieve that the speed with which the amplitude of the
high-frequency current decreases increases gradually at the end of each
square wave. Thus the presence
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the interference with infrared systems caused by the lamp IV is
comparatively small as a result.              The luminous flux of the lamp
is adjustable through adjustment of the  duty cycle [err] of the
substantially square-wave modulated high-frequency current by 



means of the switching means VIII.              In the circuit arrangement
shown in Fig. 2, circuit branches A and E together with input terminals 1
and 2 form an incomplete half bridge. K1 and K2 are input terminals
suitable for connection to a supply voltage source and VII is a converter
provided with a switching element for generating a DC voltage from a supply
voltage. Together with the converter VII and the input terminals K1 and K2,
the incomplete half bridge constitutes switching means for generating a
high-frequency current from a supply voltage. La is an electrodeless lamp
operated by these switching means. Modulator II is coupled to converter
VII.              The incomplete half bridge is constructed as follows.
Branch A is formed by switching elements S1 and S2, secondary windings L3A
and L3B of transformer L, zener diodes 41, 42, 43 and 44, and capacitors Dl
and D2. Load branch E comprises coil L1 and the load circuit which is
formed by coil L2, primary winding L4 of transformer L, capacitors 18a and
18b, and resistor 30. Switching elements LS1 and S2 each comprise a
flywheel diode of which an anode is connected to a first main electrode of
the relevant switching element and a cathode is 



connected to a second main electrode of the relevant switching element.
Coil L2 is positioned inside a recess of a lamp vessel of an electrodeless
lamp La. The second main electrode of the switching element S1 is connected
to inpu terminal 1. An end of the secondary winding L3A is connected to a
control electrode of the switching element S1 and a further end of the
secondary winding L3A is connected to the first main electrode of the
switching element S1. The capacitor D1 shunts the secondary winding L3A.
The secondary winding L3A is also shunted by a series arrangement of two
zener diodes 41 and 42 whose anodes are interconnected. The first main
electrode of the switching element S1 is connected to the second main
electrode of the switching element S2. An end of the secondary winding L3B
is connected to a control electrode of the switching element S2 and a
further end of the secondary winding L3B is connected to the first main
electrode of the switching element S2. The capacitor D2 shunts the
secondary winding L3B. The secondary winding L3B is also shunted by a
series    



6  arrangement of two zener diodes 43 and 44 whose anodes are
interconnected. The first main electrode of switching element S2 is
connected to input terminal 2. A side of coil L1 is connected to a common
junction point of switching elements S1 and S2. A further end of coil L1 is
connected to a side of capacitor 18a and a side of capacitor 18b. A further
side of capacitor l8b is connected to an end of coil L2. A further end of
coil L2 is connected to input terminal 2. A further end of capacitor 18a is
connected to primary winding L4. A further end of primay winding L4 is
connected to input terminal 2. Resistor 30 shunts primary winding L4.
The operation of the circuit arrangement shown in Fig. 2 is as follows. 



When the input terminals K1 and K2 are connected to the poles of a supply
voltage source, a substantially square-wave voltage Vin with a duty cycle
[err] and a frequency f is present between the input terminals 1 and 2. The
voltage Vin is substantially equal to zero during a portion of the cycle
belonging to the frequency f. During this portion of each cycle the voltage
across the lamp La is also substantially equal to zero. For the remaining
portion of each cycle of Vin, the potential of input terminal 1 is higher
than that of input terminal 2, and the switching elements S1 and S2 of the
incomplete half bridge are rendered conducting and non-conducting with a
high frequency v. As a result of this, a high-frequency voltage with
frequency v' is present across the lamp La. Thus a substantially
square-wave modulated high-frequency voltage is present across the lamp La,
the phase and the frequency of the substantially square- wave modulation
corresponding to those of the substantially square-wave voltage Vin. The
high-frequency voltage across the lamp serves as a re-ignition voltage at
the beginning of each square wave of the substantially square-wave
modulation. After re- ignition, a high-frequency current flows through the
lamp for the remaining portion of each square wave. 



Means N gradually increase the speed with which the amplitude of Vin
decreases at the end of each square wave from substantially the value zero
during a time interval which is a substantial portion of a cycle of the
voltage Vin. As a result, the speed with which the amplitude of the
high-frequency voltage across the lamp decreases, and thus also the speed
with which the amplitude of the high-frequency current through the lamp
decreases, increase gradually from substantially the value zero over a time
interval which is a substantial portion of a cycle of the substantially
square-wave modulation. This gradual increase in the speed with which the
high-frequency current through the         



7  lamp decreases at the end of each square wave of the substantially
square-wave modulation leads to a suppression of the interference with
infrared systems.               When the supply voltage is an AC voltage,
the converter VII may be constructed, for example, from a diode bridge and
a combination of one or several DC- DC converters of types such as
upconverters, downconverters, or flyback converters. It is possible to give
Vin a substantially square-wave form with frequency f and to control the
amplitude of Vin as a function of time by varying the duty cycle of the
switching element(s) present in the DC-DC converter(s) periodically with
the frequency f.               Fig. 3a shows the waveform of a square wave
of the square-wave modulated voltage across a lamp operated on a circuit
arrangement of the kind mentioned in the opening paragraph and not provided
with means N. It is apparent that the speed with which the amplitude of the
voltage decreases at the end of the square wave changes abruptly from
substantially zero to a comparatively high value. As a result, the waveform
shows a sharp angle between the trailing edge and the substantially 



constant level corresponding to stationary lamp operation. Fig. 3b shows
the waveform of a square wave of the square-wave modulated voltage across a
lamp operated on a circuit provided with means N. The means N achieve a
gradual increase the speed with which the amplitude of the voltage across
the lamp decreases, so that the square-wave form does not show a sharp
angle.               With a practical embodiment of a circuit arrangement
as shown in Fig. 2, the power of the infrared light was measured for an
electrodeless low-pressure mercury discharge lamp whose (visible) luminous
flux was 3500 lumens at a frequency of 36 kHz and a bandwidth of 4 kHz,
during normal operation of the circuit arrangement while the means N were
active and while the means N were rendered inactive. The frequency of the
square-wave modulation was 500 Hz. Provisions were made in the circuit
arrangement for limiting the re-ignition voltage, and the speed with which
the amplitude of the high-frequency voltage across the low-pressure mercury
discharge lamp decreases at the end of each square wave was limited to 1,1
V/[err]. In the case in which the means N were inactive, the speed with
which the amplitude of the high-frequency voltage decreased changed from
substantially zero to approximately 1,1 V/[err] at the end 



of each square wave in less than 1 [err]s. When the means N were switched
on, the speed with which the amplitude of the high-frequency voltage
decreases at the end of each square wave increased from substantially zero
to approximately 1,1 V/[err]s over a time           interval of
approximately 50 ,[err]s. In either case the speed of the decrease
.1 the high-frequency voltage across the low-pressure mercury discharge
lamp remained substantially constant after the value of 1,1 V/[err]s had
been reached. It was found that 



the power of the infrared light radiated by the discharge lamp measured at
a frequency of 36 kHz and a bandwidth of 4 kHz was lower by approximately a
factor 3 with active means N compared with the situation with inactive
means N. Since many infrared systems operate at a frequency of the order of
10 kHz, this strong decrease in the power of the infrared light in fact
shows that the means N in this practical embodiment of a circuit
arrangement according to the invention lead to a considerable reduction of
the interference caused by the discharge lamp.
9 



CLAIMS:        1.          A circuit arrangement for operating a discharge
lamp by means of a high- frequency current, comprising -      switching
means for generating the high-frequency current from a supply
voltage, -      a modulator for the substantially square-wave modulation of
the amplitude of        the high-frequency current with a modulation
frequency f, and -      means M for limiting the interference with infrared
systems caused by the 



discharge lamp, characterized in that the means M comprise means N for
providing a gradual increase in the speed with which the amplitude of the
high-frequency current decreases at the end of a square wave of the
square-wave modulation. 2.          A circuit arrangement as claimed in
Claim 1, comprising a converter provided with a switching element for
generating a DC voltage from the supply voltage, from which DC voltage the
high-frequency current is generated during lamp operation, wherein the
means N are provided with means for gradually increasing the speed with
which the duty cycle of the switching element decreases at the end of each
square wave.   3.          A circuit arrangement as claimed in Claim 1 or
2, characterized in that the circuit arrangement is also provided with
means for limiting the amplitude of a re- ignition voltage at the beginning
of each square wave. 4.          A circuit arrangement as claimed in Claim
3, comprising a converter provided with a switching element for generating
a DC voltage from the supply voltage, 



from which DC voltage the high-frequency current is generated during lamp
operation, wherein the means for limiting the amplitude of the re-ignition
voltage at the beginning of each square wave are provided with means for
limiting the duty cycle of the switching element at the beginning of each
square wave. 5.          A circuit arrangement as claimed in any one or
several of the preceding Claims, characterized in that the circuit
arrangement is also provided with means for
10  



limiting the speed with which the amplitude of a voltage across the lamp
decreases at the end of each square wave. 6.           A circuit
arrangement as claimed in Claim 5, comprising a converter provided with a
switching element for generating a DC voltage from the supply voltage, from
which DC voltage the high-frequency current is generated during lamp
operation, wherein the means for limiting the speed with which the
amplitude of the voltage across the lamp decreases at the end of each
square wave are provided with means for limiting the speed with which the
duty cycle of the switching element of the converter decreases at the end
of each square wave.    




