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i nvention reI ates to a circuit arrangenment for igniting and operating a
d| scharge | anp, which arrangement conprises a DC-AC converter provided with
a first branch (A)provided with ends suitable for being connected to
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The invention relates to a circuit arrangement for igniting and operating a

discharge lamp, which arrangement comprises a DC-AC converter provided with

- a branch A provided with ends suitable for being connected to 2 DC voltage _
source and comprising at least one switching element for generating a current with

5 " alternating polarity by being conducting and non-conducting with a frequency f,

- a load branch B comprising inductive means, capacitive means, and means for
coupling the discharge lamp to the load branch B,

- a control circuit for rendering the switching element conducting and non-
conducting with the frequency'f, comprising a resonant circuit which comprises

10 further inductive means and further capacitive means.

Such a circuit arrangement is known from European Patent Application
4425‘72A1. The known circuit arrangement is in particular designed for electrodeless
15 low-pressure mercury discharge lamps and is so dimensioned that the operating
frequency f of the circuit arrangement lies above the resonance frequency of the load
branch both during stationary lamp operation and during ignition of the discharge lamp
in order to limit power dissipation in the switching element. Ignition of the discharge
lamp and stationary lamp operation often take place at a substantially constant value of
20 the frequency f. The amplitudes of the voltages and currents present in the circuit
arrangement during ignition of the discharge lamp are often considerably higher than
during stationary lamp operation. Since these comparatively high voltages and currents
can strongly reduce the life of the circuit arrangement, especially. if the lamp does not
(immediately) ignite as a result of, for example, ambient factors, it is desirable to

provide the switching arrangement with means which prevent the amplitudes of the
voltages and currents in the circuit arrangement reaching excessive values. These means
may, for example, comprise voltage-limiting elements coupied to the load branch which

become current-conducting when the amplitudes of the voltﬁées and currents in the
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comply with particularly high requirements, as a result of which they must be
assembled from comparatively expensive components and nevertheless have
comparatively short lives.

The invention has for its object inter alia to provide a circuit
arrangement in which the amplitudes of the voltages and currents in the circuit
arrangement during ignition of the discharge lamp do not reach excessive values, while
the circuit arrangement also has a comparatively long operating life, and comparratively
unexpensive components can be used.
According to the invention, this object is achieved in that the control
circuit of a circuit arrangement of the kind mentioned in the opening paragraph is in
addition provided with means for limiting an ignition voltage, which means comprise
- abranch C coupled to the resonant circuit and comprising a series arrangement of
a frequency-dependent impedance and a semiconductor element provided with a
control electrode for influencing the impedance of the semiconductor element in
dependence on a potential at the control electrode,

- a branch D coupled to the load branch and to the control electrode of the
semiconductor element for influencing the potential of the control electrode in

dependence on the voltage across the discharge lamp.

If the amplitude of the voltage across the discharge lamp, and coupled
thereto the amplitudes of voltages and currents in the circuit arrangement reach an
excessively high value during the ignition of the discharge lamp, the potential of the
control electrode of the semiconductor element is brought to such a value by means of
the branch D that the impedance of the semiconductor element decreases: Owing to this
decrease in the impedance of the semiconductor element, the branch C will carry a
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pf event the anplitudes of the voltages and currents in the circuit
a} r angethunalso a decrease in the amplitudes of the voltages and the currents in the circuit

arrangement. Since both branch C and branch D form part of the control circuit, these
branches may be composed from components which are designed for only a
comparatively low power. Both the cost price and the operating life the circuit benefit'
10 from this.
It is noted that European Patent 93469 describes a circuit arrangement
for operating a discharge lamp in which also provisions are made for increasing the
operating frequency of the circuit arrangement if the voltages in the circuit arrangement

reach excessive values during the ignition of the discharge lamp. The circuit

15  arrangement described in the said document also comprises switching elements for
generating a current of alternating polarity and a control circuit for rendering the
switching elements conducting and non-conducting. The provisions for limiting the
ignition voltage provided in the control circuit of the circuit arrangement, however,
contain components which dissipate a comparatively large portion of the power of the

20  control signal. This comparatively high power dissipation adversely affects the speed
with which the switching elements become conducting and non-conducting. This
decrease in the switching speed may cause a comparatively high power dissipation in the
switching elements, especially when the operating frequency of the circuit arrangement
at which the discharge lamp is ignited is comparatively high, which may also lead to

25 damage of the switching elements, This comparatively high power dissipation in the
switching elements renders the circuit arrangement described in European Patent 93469
unsuitable for applications in which a discharge lamp operated by means of the circuit
arrangement is ignited at a comparatively high operating frequency.

An advantageous embodiment of a circuit arrangement according to the

30 invention is characterized in that the semiconductor element is constructed as a
transistor. The impedance of a transistor can be adjusted comparatively quickly by
means of the potential applied to the base of the transistor. The impedance of the

transistor in the conducting state is also comparatively small, so that the power
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are especially advantageous when the operating frequency f is comparatively high, as is
the case, for example, in 2 circuit arrangement for operating an electrodeless low-
pressure mercury discharge lamp.

A further advantageous embodiment of a circuit arrangement according
to the invention is characterized in that the frequency-dependent impedance comprises
inductive means. It was found that the amplitudes of currents and voltages in this
further advantageous embodiment of the circuit arrangement are effectively limited -
during ignition of the discharge lamp, while the circuit arrangement remains in a stable
operating state during this limiting action.

Another advantageous embodiment of a circuit arrangement according
to the invention is characterized in that the circuit arrangement is in addition provided
with a timer circuit for rendering the potential to which the amplitude of the ignition
voltage is limited dependent on time. By causing the value to which the ignition voltage,
and thus the other voltages in the circuit arrangement are limited to increase gradually
during ignition of the discharge lamp, it is achieved that the discharge lamp is ignited at
a comparatively low ignition voltage, by which in general the operating life of both the
circuit arrangement and the discharge lamp is favourably affected.

A particularly advantageous embodiment of a circuit arrangement of a
circuit arrangement according to the invention is characterized in that the circuit
arrangement is also provided with dimming means for the substantially square-wave
modulation of the alternating-polarity current, and is provided with a second timer
circuit for triggering the dimming means when a fixed time interval has elapsed after
lamp ignition. When the duty cycle of the square-wave modulation is adjustable, it is
possible to adjust the luminous flux of the discharge lamp with the dimming means.
During ignition of the discharge lamp, however, the dimming means without further
measures would cause the ignition voltage to be absent across the discharge lamp during
a portion of each square-wave period, which hampers the ignition of the discharge
lamp, the more so since the amplitude of the ignition voltage is limited. Since the
dimming means are not activated until after the lamp has ignited and has burned at
maximum power during a fixed time interval in the particularly advantageous
embodiment of a circuit arrangement according to the invention, a discharge lamp
operated by means of this further advantageous embodiment of a circuit arrangement
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The invention will be explained in more detail with reference to a
drawing of an embodiment.

In the drawing, Fig. 1 is a block diagram of an embbdiment of a
circuit arrangement according to the invention, and

Fig. 2 shows the embodiment of Fig. 1 in more detail.

In Fig. 1, reference numeral 1 denotes a first terminal of branch A and
2 a further terminal of branch A. 1 and 2 are suitable for connection to poles of a DC
voltage source. Branch A comprises two switching elements for generating a current of
alternating polarity in that they are alternately conducting and non-conducting with a
frequency f. B is a load branch which comprises inductive means, capacitive means,
and means for coupling a discharge lamp"f6 the load branch B. Load branch B is
coupled to branch A. § is a control circuit for rendering the switching elements
conducting and non-conducting with the frequency f. The control circuit S comprises for
this purpose a resonant circuit comprising inductive means and capacitive means, and is
for this purpose coupled to branch A. Control circuit S in addition comprises a branch
C coupled to the resonant circuit and comprising a series arrangement of a frequency-
dependent impedance and a semiconductor element provided with a control electrode for
influencing the impedance of the semiconductor element in dependence on a potential of
the control electrode. The control circuit S also comprises a branch D coupled to the
control electrode of the semiconductor element and to the load branch for influencing
the potential of the control electrode in dependence on the voltage across the discharge
lamp.

In Fig. 2, V is a DC voltage source. BL denotes dimming means for
the square-wave modulation of a lamp current with an alternating polarity during
stationary lamp operation by means of the square-wave modulation of a DC voltage
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by meangraicht A€ Terminals 1 and 2 are connected to respective outputs of DC voltage source
V. Load branch B comprises coils L1 and L2 and capacitors C4, CS§ and C9. An
electrodeless discharge lamp La is coupled to the_load branch B by means of coil L2.

Coil L1 in this embodiment forms the inductive means, capacitors C4, C5 and C9 form
10 the capacitive means, and coil L2 forms the means for coupling the discharge lamp to
the load branch B. All components present in this embodiment and not forming part of
branch A or load branch B together form the control circuit. In the control circuit,
branch C is formed by coil L7, capacitor C7, resistor R2, transistor T and diode D7.
Branch D is formed by diodes DS and D6, zener diodes D3 and D4, capacitor C8 and
15 resistors R3 and R4, Zener diodes D3 and D4, capacitor C8 and resistor R4 form a
timer circuit for rendering the potential to which the amplifude of the ignition voltage is
limited dependent on time.
Input terminals 1 and 2 are interconnected by a series arrangement of
switching elements S1 and S2, such that a main electrode of switching element S1 is
20  connected to terminal 1 and a main electrode of switching element S2 to terminal 2.
| Switching element S2 is shunted by a series circuit of coil L1, capacitor CS, and coil
1.2. The circuit formed by capacitor CS5 and coil L2 is shunted by a series circuit of
capacitor C4 and capacitor C9, and is also shunted by a series circuit of capacitor C1
* and the primary winding L4 of control transformer Tr, such that capacitor C1 is
% 25 connected at one side to capacitor C5 and primary winding L4 is connected to coil L2 at
| 4 one side. Ends of secondary winding LS of control transformer Tr are connected to a
; control electrode of switching element S1 and a junction point shared by switching
element S1 and switching element S2. The ends of secondary winding L6 of control
transformer Tr are connected to a control electrode of switching element S2 and to
terminal 2. Secondary winding L6 is shunted by coil L3 and by capacitor C2. The
control electrode of switching element S2 is connected to an end of coil L7. A further
end of coil L7 is connected to a first side of capacitor C7. A second side of capacitor

C7 is connected to a collector of transistor T. An emitter of transistor T is connected to
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terminal 2 of branch A. Transistor T is shunted by diode D7 such that an anode of
diode D7 is connected to the emitter of transistor T. Capacitor C7 is shunted by resistor
R2. A base electrode and the emitter of transistor T are interconnected by resistor R3.
The emitter of transistor T is connected to an anode of diodé D6. A cathode of diode
D6 is connected to an anode of diode D5. A cathode of diode D5 is connected to a
cathode of zener diode D3 and an anode of zener diode D3 is connected to the base
electrode of transistor T. The cathode of zener diode D3 is also connected to a cathode
of zener diode D4. An anode of zener diode D4 is connected to a first side of capacitor ‘
C8. A second side of capacitor C8 is connected to the anode of zener diode D3, .
10  Capacitor C8 is shunted by resistor R4 and the cathode of diode D6 is connected to a
junction point of capacitor C4 and capacitor C9.
The operation of the circuit arrangement shown in Fig. 2 is as follows.
When the terminals 1 and 2 are connected to poles of a DC voltage
source, a control signal generated by the control transformer renders the switching
15 elements S1 and S2 alternatively conducting with a frequency f. A junction point P of
the two switching elements is thus alternately connected to the negative pole and the
positive pole of the DC voltage source. As a result, a substantially square-wave voltage
is present at point P with a frequency f. This square-wave voltage causes a current to
flow in the load branch, the polarity of which alternates with frequency f. Before the
20 lamp has ignited, this current gives rise to comparatively high voltages in the circuit
arrangement. If, however, the amplitude of the voltage across capacitor C9 exceeds the
zener voltage of zener diode D4, a current will flow to resistor R3 and the base-emitter
junction of transistor T from capacitor C9 via diode D5, zener diode D4, and capacitor
C8, so that transistor T becomes conducting, Owing to the conducting state of transistor
25 T, a current will flow in coil L7, so that the frequency f at which the control circuit
oscillates is partly determined by coil L7. Coil L7 is connected in parallel to coil L3 to
a degree which is dependent on the impedance of transistor T, which leads to a
reduction in the self-induction of the inductive means in the resonant circuit. As a result
of this, the frequency f rises. Since the circuit arrangement is iriductively operated, i.e.
30 the frequency f lies above the resonance frequency of the load branch, an increase in
the frequency f leads to a decrease in the voltages occurring in the circuit arrangement,
so that these voltages are effectively limited. Capacitor C8 is charged by the current
flowing from capacitor C9 to resistor R3 and the base of transistor T. In proportion as
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circuit arrangement are limited to a maximum value.
The timer circuit formed by zener diodes D3 and D4, resistor R4, and '
[0  capacitor C8 thus ensures that the ignition voltage across the lamp rises gradually. As a
result of this, the discharge lamp will ignite at a comparatively low ignition voltage,
which in many cases prolongs both the life of the discharge lamp and the life of the
circuit arrangement. After lamp ignition, the voltages in the circuit arrangement drop,
so that transistor T becomes non-conducting and the discharge lamp is operated with the
15 stationary operating frequency. A fixed time interval after the discharge lamp has
ignited, the timer circuit TC activates the dimming means BL, so that the luminous flux
of the discharge lamp can be adjusted to a desired value.
Resistors R2 and R4 serve to discharge capacitor C7 and capacitor C8,
respectively. Capacitor C7 prevents the current in branch C from containing a DC
20  component. When the current in branch C flows towards capacitor C2, diode D7 is
conducting and transistor T carries no current; when the current in branch C flows
away from capacitor C2, transistor T is conducting and diode D7 is blocked.
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t ransi stwitich ahrangenem &ba@nsés 4 DC-AC converter provided with
- abranch A provided with ends suitable for being connected to a DC voltage

source and comprising at least one switching element for generating a current with
5 alternating polarity by being conducting and non-conducting with a frequency f,

- aload branch B comprising inductive means, capacitive means, and means for
coupling the discharge lamp to the load branch B, |

- a control circuit for rendering the switching element conducting and non-
conducting with the frequency f, comprising a resonant circuit which comprises

10 further inductive means and further capacitive means,

characterized in that the contro! circuit is in addition provided with means for limiting

an amplitude of an ignition voltage, which means comprise

- a branch C coupled to the resonant circuit and comprising a series arrangement of
a frequency-dependent impedance and a semiconductor element provided with a

15 control electrode for influencing the impedance of the semiconductor element in
dependence on a potential at the control electrode,

- a branch D coupled to the load branch and to the control electrode of the
semiconductor element for influencing the potential of the control electrode in
dependence on the voltage across the discharge lamp.

20 2. A circuit arrangement as claimed in Claim 1, characterized in that the
: semiconductor element is a transistor.,

3. A circuit arrangement as claimed in Claim 1 or 2, characterized in that
the frequency-dependent impedance comprises inductive means.

4, A circuit arrangement as claimed in Claim 1, 2 or 3, characterized in
that the circuit arrangement is in addition provided with a timer circuit for rendering the
potential to which the amplitude of the ignition voltage is limited dependent on time.

S. A circuit arrangement as claimed in any one of the preceding Claims,

characterized in that the circuit arrangement is also provided with dimming means for
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the substantially square-wave modulation of the alternating-polarity current, and is

provided with a second timer circuit for triggering the dimming means when a fixed
time interval has elapsed after lamp ignition.
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i ncrease gradual |y during |gn|t|on of the discharge lanp, it is achieved.
t h;at the discharge Ll%gqmlresnul gr}tlﬂtat%csi to a circuit arrangement for igniting and
| operating a discharge lamp, which arrangement comprises a DC-AC converter provided
with .
- comprising at least one switching element (S1,S2) for generating a current with
5 alternating polarity by being conducting and non-conducting with a frequency
and a branch A provided with terminals (1 2) suitable for being connected to a
DC voltage source,
- a load branch B comprising inductive means (L1), capacitive means (C4,C5,C9),
and means (L2) for coupling the discharge lamp to the load branch B,
10 - a control circuit for rendering the switching element (S1,S2) conducting and non-
conducting with the frequency f, comprising a resonant circuit which comprises
further inductive means (L2) and further capacitive means (C2).
According to the invention, the circuit arrangement is also provided
with means for limiting an ignition voltage, which means comprise
15 - abranch C coupled to the resonant circuit and comprising a series arrangement of
a frequency-dependent impedance (L7) and a semiconductor element (T) provided
with a control electrode for influencing the impedance of the semiconductor
element in dependence on a potential at the control electrode,
- a branch D coupled to the load branch and to the control electrode of the
20 semiconductor element for influencing the potential of the control electrode in
dependence on the voltage across the discharge lamp.
An effective limitation of voltages and currents in the circuit

arrangement during ignition of the discharge lamp is realised thereby.

25 Fig. 2.
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The invention relates to a circuit arrangement for igniting and operating a
discharge lamp, which arrangement comprises 2 DC-AC converter provided with
- abrnch A provided with ends suitable for being connected to a DC voltage

source and comprising at least one switching element for generating a current with
alternating polarity by being conducting and non-conducting with a frequency f,

- aload branch B comprising inductive means, capacitive means, and means for
coupling the discharge lamp to the load branch B,

- a control circuit for rendering the switching element conducting and non-
conducting with the frequency f, comprising a resonant circuit which comprises
further inductive means and further capacitive means.

Such a circuit arrangement is known from European Patent Application
442572A1. The known circuit arrangement is in particular designed for electrodeless
low-pressure mercury discharge lamps and is so dimensioned that the operating
frequency f of the circuit arrangement lies above the resonance frequency of the load
branch both during stationary lamp operation and during ignition of the discharge lamp
in order to limit power dissipation in the switching element. Ignition of the discharge
lamp and stationary lamp operation often take place at a substantially constant value of
the frequency f. The amplitudes of the voltages and currents present in the circuit
arrangement during ignition of the discharge lamp are often considerably higher than
during stationary lamp operation. Since these comparatively high voltages and currents
can strongly reduce the life of the circuit arrangement, especially if the lamp does not
(immediately) ignite as a result of, for example, ambient factors, it is desirable to
provide the switching arrangement with means which prevent the amplitudes of the
voltages and currents in the circuit arrangement reaching excessive values. These means
may, for example, comprise voltage-limiting elements coupled to the load branch which

become current-conducting when the amplitudes of the voltages and currents in the
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behaw our |n spite of the presence of the di nm ng rreciﬁlf The term
"take-over" is here understood to nean the creation ¢ &&%@La@idﬁfmcrge
in the plasna of the discharge |anp after ignition. The
iPnvention will be explained in nore detail with refefehcet8 DEE WeaWi{ng of
an enbodi nent. In the drawing, Fig.{1l}is a block dijagram
of an enbodi nent of a circuit arrangenent r?z;ccordi ng to themvention, jand
Fig. 2 shows the enbodinent of Fig. 1 in re detail
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the load branch. Since the operating frequency f remains substantially unchanged, the
difference between the operating frequency and the resonance frequency of the load
branch increases, so that the amplitudes of voltages and currents in the circuit
arrangement decrease. It was found, however, that these voltage-limiting elements must

"comply with particularly high requirements, as a result of which they must be

assembled from comparatively expensive components and nevertheless have
comparatively short lives.

The invention has for its object inzer alia to provide a circuit
arrangement in which the amplitudes of the voltages and currents in the circuit
arrangement during ignition of the discharge lamp do not reach excessive values, while
the circuit arrangement also has a comparatively long operating life, and comparratively
unexpensive components can be used.

According to the invention, this object is achieved in that the control
circuit of a circuit arrangement of the kind mentioned in the opening paragraph is in
addition provided with means for limiting an ignition voltége, which means comprise
- abranch C coupled to the resonant circuit and comprising a series arrangement of

a frequency-dependent impedance and a semiconductor element provided with a
control electrode for influencing the impedance of the semiconductor element in
dependence on 2 potential at the control electrode,

a branch D coupled to the load branch and to the control electrode of the
semiconductor element for influencing the potential of the control electrode in
dependence on the voltage across the discharge lamp.

If the amplitude of the voltage across the discharge lamp, and coupled
thereto the amplitudes of voltages and currents in the circuit arrangement reach an
excessively high value during the ignition of the discharge lamp, the potential of the
control electrode of the semiconductor element is brought to such a value by means of
the branch D that the impedance of the semiconductor element decreases, Owing to this
decrease in the impedance of the semiconductor element, the branch C will carry a
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2 a further termnal of branch A. 1 and 2 are
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on the voltage across the discharge
branches may be composed from components which are designed for only a

comparatively low power. Both the cost price and the operating life the circuit beneﬁt'
from this.

It is noted that European Patent 93469 describes a circuit arrangement
for operating a discharge lamp in which also provisions are made for increasing the
operating frequency of the circuit arrangement if the voltages in the circuit arrangement
reach excessive values during the ignition of the discharge lamp. The circuit

. arrangement described in the said document also comprises switching elements for
generating a current of alternating polarity and a control circuit for rendering the
switching elements conducting and non-conducting. The provisions for limiting the
ignition voltage provided in the control circuit of the circuit arrangement, however,
contain components which dissipate a comparatively large portion of the power of the
control signal. This comparatively high power dissipation adversely affects the speed
with which the switching elements become conducting and non-conducting. This
decrease in the switching speed may cause a comparatively high power dissipation in the
switching elements, especially when the operating frequency of the circuit arrangement
at which the discharge lamp is ignited is comparatively high, which may also lead to
damage of the switching elements. This comparatively high power dissipation in the
switching elements renders the circuit arrangement described in European Patent 93469
unsuitable for applications in which a discharge lamp operated by means of the circuit
arrangement is ignited at a comparatively high operating frequency.

An advantageous embodiment of a circuit arrangement according to the
invention is characterized in that the semiconductor element is constructed as a
transistor. The impedance of a transistor can be adjusted comparatively quickly by
means of the potential applied to the base of the transistor. The impedance of the
transistor in the conducting state is also comparatively small, so that the power



| anp. In Fig. 2, Vis a DC volt -ce—Bk—denot es
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alternating polarity during stationary |anp operiat{i on by HWeans t he
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dissipated in the branch C is only relatively small. These two properties of a transistor
are especially advantageous when the operating frequency f is comparatively high, as is
the case, for example, in a circuit arrangement for operating an electrodeless low-
pressure mercury discharge lamp.

A further advantageous embodiment of a circuit arrangement according
to the invention is characterized in that the frequency-dependent impedance comprises
inductive means. It was found that the amplitudes of currents and voitages in this
further advantageous embodiment of the circuit arrangement are effectively limited -
during ignitdon of the discharge lamp, while the circuit arrangement remains in a stable
operating state during this limiting action.

Another advantageous embodiment of a circuit arrangement according
to the invention is characterized in that the circuit arrangement is in addition provided
with a timer circuit for rendering the potential to which the amplitude of the ignition
voltage is limited dependent on time. By causing the value to which the ignition voltage,
and thus the other voltages in the circuit arrangement are limited to increase gradually
during ignition of the discharge lamp, it is achieved that the discharge lamp is ignited at
a comparatively low ignition voltage, by which in general the operating life of both the
circuit arrangement and the discharge lamp is favourably affected.

A particularly advantageous embodiment of a circuit arrangement of a
circuit arrangement according to the invention is characterized in that the circuit
arrangement is also provided with dimming means for the substantially square-wave
modulation of the alternating-polarity current, and is provided with a second timer
circuit for triggering the dimming means when a fixed time interval has elapsed after
lamp ignition. When the duty cycle of the square-wave modulation is adjustable, it is
possible to adjust the luminous flux of the discharge lamp with the dimming means.
During ignition of the discharge lamp, however, the dimming means without further
measures would cause the ignition voltage to be absent across the discharge lamp during
a portion of each square-wave period, which hampers the ignition of the discharge
lamp, the more so since the amplitude of the ignition voltage is limited. Since the
dimming means are not activated until after the lamp has ignited and has burned at
maximum power during a fixed time interval in the particularly advantageous
embodiment of a circuit arrangement according to the invention, a discharge lamp

operated by means of this further advantageous embodiment of a circuit arrangement
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coil L7, capacitor C7, resistor R2, transistor T and diode D7. Branch Dis
formed by di odes D5 and D6, zener diodes D3 and D4, capacitor C8 and

The invention will be explained in more detail with reference to a

drawing of an embodiment.

In the drawing, Fig. 1 is a block diagram of an emb&immt ofa

circuit arrangement according to the invention, and
Fig. 2 shows the embodiment of Fig. 1 in more detail.

In Fig. 1, reference numeral 1 denotes a first terminal of branch A and
2 a further terminal of branch A. 1 and 2 are suitable for connection to poles of a DC
voltage source. Branch A comprises two switching elements for generating a current of
alternating polarity in that they are alternately conducting and non-conducting with a
frequency f. B is a load branch which comprises inductive means, capacitive means,
and means for coupling a discharge Iamp'.t.o the load branch B. Load branch B is
coupled to branch A, S is a control circuit for rendering the switching elements
conducting and non-conducting with the frequency f. The control circuit S comprises for
this purpose a resonant circuit comprising inductive means and capacitive means, and is
for this purpose coupled to branch A. Control circuit S in addition comprises a branch
C coupled to the resonant circuit and comprising a series arrangement of a frequency-
dependent impedance and a semiconductor element provided with a control electrode for
influencing the impedance of the semiconductor element in dependence on a potential of
the control electrode. The control circuit S also comprises a branch D coupled to the
control electrode of the semiconductor element and to the load branch for influencing
the potential of the control electrode in dependence on the voltage across the discharge

lamp.

In Fig. 2, V is a DC voltage source. BL denotes dimming means for

the square-wave modulation of a lamp current with an alternating polarity during
stationary lamp operation by means of the square-wave modulation of a DC voltage



resistors R3 and R4. Zener diodes D3 and D4, capa:@mﬁﬁg resi3tor R4
forma timer circuit for rendering the potenti al mﬂtude of
the ignition voltage is limted dependent on tine | nput
jermnals 1 and 2 are interconnected by a series arjard@bEQt{996 Swijt chi ng
el enents Sl and S2, such that a main electrode of jsptching el emgnt Sl is
connected to terminal 1 and a nain el ectgode of s\ tchrng-etement $2 to
termnal 2. Switching element S2 is shunted by a series circuit of jcoil L1,
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ranch B compnses coils L1 and L2 and capacitors C4, C5 and C9. An
electrodeless discharge lamp La is coupled to the load branch B by means of coil L2.

Coil L1 in this embodiment forms the inductive means, capacitors C4, C5 and C9 form

‘the capacitive means, and coil L2 forms the means for coupling the discharge lamp to
the load branch B. All components present in this embodiment and not forming part of
branch A or load branch B together form the control circuit. In the conatrol circuit,
branch C is formed by coil L7, capacitor C7, resistor R2, transistor T and diode D7.
Branch D is formed by diodes DS and D6, zener diodes D3 and D4, capacitor C8 and
resistors R3 and R4, Zener diodes D3 and D4, capacitor C8 and resistor R4 form a

- timer circuit for rendering the potential to which the amplitude of the ignition voltage is
limited dependent on time.

Input terminals 1 and 2 are interconnected by a series arrangement of
switching elements S and S2, such that a main electrode of switching element S1 is
connected to terminal 1 and a main electrode of switching element S2 to terminal 2.
Switching element S2 is shunted by a seres circuit of coil L1, capacitor C3, and coil
L2. The circuit formed by capacitor CS and coil L2 is shunted by a series circuit of
capacitor C4 and capacitor C9, and is also shunted by a series circuit of capacitor C1
and the primary winding L4 of control transformer Tr, such that capacitor C1 is
connected at one side to capacitor C5 and primary winding L4 is connected to coil L2 at
one side. Ends of secondary winding LS of control transformer Tr are connected to 2
control electrode of switching element S1 and a junction point shared by switching
element S1 and switching element S2. The ends of secondary winding L6 of control
transformer Tt are connected to a control electrode of switching element S2 and to
terminal 2. Secondary winding L§ is shunted by coil L3 and by capacitor C2. The
control electrode of switching element S2 is connected to an end of coil L7. A further
end of coil L7 is connected to a first side of capacitor C7. A second side of capacitor

C7 is connected to a collector of transistor T. An emitter of transistor T is connected to



term nal 2.
The control

coil L7. A further end of coil L7 is connected to fa fTT3ST '

Secondary winding L6 is shunted by coi
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stde—of-capaci t or
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T. An emtter of transistor T is connected to
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terminal 2 of branch A. Transistor T is shunted by diode D7 such that an anode of
diode D7 is connected to the emitter of transistor T. Capacitor C7 is shunted by resistor
R2. A base electrode and the emitter of transistor T are interconnected by resistor R3.
The emitter of transistor T is connected to an anode of diode D6. A cathode of diode
D6 is connected to an anode of diode D5. A cathode of dicde D3 is connected to a
cathode of zener diode D3 and an anode of zener dicde D3 is connected to the base
electrode of transistor T. The cathode of zener diode D3 is also connected to a cathode
of zener diode D4. An anode of zener diode D4 is connected to a first side of capacitor '
C8. A second side of capacitor C8 is connected to the anode of zener diode D3. .
Capacitor C8 is shunted by resistor R4 and the cathode of diode D6 is connected to0 2
junction point of capacitor C4 and capacitor C9.

The operation of the circuit arrangement shown in Fig. 2 is as follows.

When the terminals 1 and 2 are connected to poles of a DC voitage
source, a control signal generated by the control transformer renders the switching
elements S1 and S2 alternatively conducting with a frequency f. A junction point P of
the two switching elements is thus alternately connected to the negative pole and the
positive pole of the DC v'oltage source. As a result, a substantially square-wave voltage
is present at point P with a frequency f. This square-wave voltage causes a current to
flow in the load branch, the polarity of which alternates with frequency f. Before the
lamp has ignited, this current gives rise to comparatively high voltages in the circuit
arrangement. If, however, the amplitude of the voltage across capacitor C9 exceeds the
zener voltage of zener diode D4, a current will flow to resistor R3 and the base-emitter
junction of transistor T from capacitor C9 vig diode D5, zener diode D4, and capacitor
C8, so that transistor T becomes conducting. Owing to the conducting state of transistor
T, a current will flow in coil L7, so that the frequency f at which the control circuit
oscillates is partly determined by coil L7. Coil L7 is connected in parallel to coil L3 to
a degree which is dependent on the impedance of transistor T, which leads to a
reduction in the self-induction of the inductive means in the resonant circuit. As a result
of this, the frequency f rises. Since the circuit arrangement is inductively operated, i.e.
the frequency f lies above the resonance frequency of the load branch, an increase in
the frequency f leads to a decrease in the voltages occurring in the circuit arrangement,
so that these voltages are effectively limited. Capacitor C8 is charged by the current
flowing from capacitor C9 to resistor R3 and the base of transistor T. In proporton as



termnal 2 of branch A Transistor T is shunted by diode D7 such that an
andde of diode D7 is connected to the emtter of transistor T. Capacitor C7
is shunted by resistor R2. A base electrode and the emtter of transistor T
are interconnected by resistor R3. The emtter of transistor T is connected
to an anode of diode D6. A cathode of diode D6 is connected to an anode of
di ode D5. A cathode of diode D5 is connected to a cathode of zener diode D3
and an anode of zener diode D3 is connected to the base el ectrode of

transi stor T. The cathode of zener diode D3 is al so connected to a cat hode
of zener diode D4. An anode of zener diode D4 is connected to a first side
of capacitor C8. A second side of capacitoB C8 is connected to the anode of
zener diode D3.. Capacitor C8 is shunted by resistor R4 and the cathode of
di ode D6 is conexsltage aceoss cipacitor iC8rrispsitlet tranksiston Fehecames cGiiduatig 4 amagid of C9.
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rise takes place until the voltage across capacitor C8 augmented by the zener voltage of
zener diode D4 has become equal to the zener voltage of zener diode D3. Then the
current flows from capacitor C9 through zener diode D3 to resistor R3 and the base of
transistor T, and the ignition voltage and thus the other voltages and currents in the
circuit arrangement are limited to 2 maximum value.

The timer circuit formed by zener diodes D3 and D4, resistor R4, and
capacitor C8 thus ensures that the ignition voltage across the lamp rises gradually. Asa
result of this, the discharge lamp will ignite at a comparatively low ignition voltage,
which In many cases prolongs both the life of the discharge lamp and the life of the
circuit arrangement. After lamp ignition, the voltages in the circuit arrangement drop,
so that transistor T becomes non-conducting and the discharge lamp is operated with the

" stationary operating frequency. A fixed time interval after the discharge lamp has
ignited, the timer circuit TC activates the dimming means BL, so that the luminous flux
of the discharge lamp can be adjusted to a desired value.

Resistors R2 and R4 serve to discharge capacitor C7 and capacitor C8,
respectively. Capacitor C7 prevents the current in branch C from containing a DC
component. When the current in branch C flows towards capacitor C2, diode D7 is
conducting and transistor T carries no current; when the current in branch C flows
away from capacitor C2, transistor T is conducting and diode D7 is blocked.

REPLACEMENT SHEET
18 DEC 1996




elements S1 and S2 alteratively conducting with a frequency f. A junction
poi*fnt P of the two switching elenents is thus alternately connected to the
negative pole and the positive pole of the DC voltage source. As a result,
a substantially square-wave voltage is present at point P with a frequency
f. This square-wave vol tage_cause tHrent to flowin the |oad branch,

the polarity of which @den HE:ET equency_f. Before the Ianp has
i gnited, thi cRapsL o iy E@Wﬂﬁ\lm
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i nducti vely oper sdueck, and cempnsmg at least one switching element for generating a current with

alterating polarity by being conducting and non-conducting with a frequency f,

- aload branch B comprising inductive means, capacitive means, and means for
coupling the discharge lamp to the load branch B,

- acontrol circuit for rendering the switching element conducting and non-
conducting with the frequency f, comprising a resonant circuit which comprises
further inductive means and further capacitive means,

characterized in that the control circuit is in addition provided with means for limiting

an amplitude of an ignition voltage, which means comprise ' ’

- abranch C coupled to the resonant circuit and comprising a series arrangement of °
a frequency-dependent impedance and a semiconductor element provided with a
control electrode for influencing the impedance of the semiconductor element in
dependernice on a potential at the control electrode,

- abranch D coupled to the load branch and to the control electrode of the
semiconductor.element for influencing the potential of the control electrode in
dependence on the voltage across the discharge lamp.

2. A circuit arrangement as claimed in Claim 1, characterized in that the
semiconductor element is a transistor.

"3 A circuit arrangement as claimed in Claim | or 2, characterized in that
the frequency-dependent impedance comprises inductive means.
4, A circuit arrangement as claimed in Claim 1, 2 or 3, characterized in

that the circuit arrangement is in addition provided with a timer circuit for rendering the
potential to which the amplitude of the ignition voltage is limited dependent on time.

3. A circuit arrangement as claimed in any one of the preceding Claims,
characterized in that the circuit arrangement is also provided with dimming means for
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the frequency f |lies above the resonance frequency of the | oad branch, an
I acrease in the frequency f leads to a decrease in the voltages occurring
kn the circuit arrangenent, so that these voltages are-effectively

Ilmted Capacitor C8 is charged by the current flowi ng from capacitor C9
“to resistor R3 and the base of transistor T. In propartion as
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the substantially square-wave modulation of the alternating-polarity current, and is

provided with a second timer circuit for triggering the dimming means when a fixed
time interval has elapsed after lamp ignition.

REPLACEMENT SHEET

18 DEC 1996

e

Sheet Has Been Replaced

\\ll\l\\ TR



8 the voltage across capacitor C8 rises, the transistor T becones
conducting at a higher value of the arrpl I tude of the voltage across
capacitor C9, so that the voltages in the circuit arrangenent, anong them
al so the ignition voltage across the lanp, rise. This rise takes place
until the voltage across capacitor C8 augnented by the zener voltage of
zener di ode D4 has become equal to the zener voltage of zener diode D3.
Then t he WOV\B from capacitor C9 through @Eﬁh %W}o resi stor
R3 and th e of transistor T, andtheignitic&z = Hup t he

ot her vol t*@iraitamingememtits in the circuit arrangérrent are %Aran ed to a
maxi mum val ue. The tinmer circuiit ﬂ ner{ di odes D3
and D4, resistor R4, and capacitor C8 thus ensuries that the ignft}on
voltage across the lanp rises gradually. As a result of this, thefdischarge
lanp will ignite at a conparatively low ignitionyaliage, . which ih many
cases prolongs both the life of the discharge |anp and the life of the

The invention relates to a circuit arrangement for igniting and
operating a discharge lamp, which arrangement comprises 2 DC-AC converter provided
with | '
- comprising at least one switching element (S1,S2) for generating a current with

alternating polarity by being conducting and non-conducting with a frequency
and a branch A provided with terminals (1,2) suitable for being connected to a
DC voltage source,

- 2 load branch B comprising inductive means (L1), capacitive means (C4,C5,C9),
and means (L2) for coupling the discharge lamp to the load branch B,

- acontrol circuit for rendering the switching element (S1,5S2) conducting and non-
conducting with the frequency f, comprising a resonant circuit which comprises
further inductive means (L2) and further capacitive means (C2).

According to the invention, the circuit arrangement is also provided
with means for limiting an ignition voitage, which means comprise
- . abranch C coupled to the resonant circuit and comprising a series arrangement of

a frequency-dependent impedance (L7) and a semiconductor element (T) provided
with a control electrode for influencing the impedance of the semiconductor
element in dependence on a potential at the control electrode,

- abranch D coupled to the load branch and to the control electrode of the
semiconductor element for influencing the potential of the control electrode in
dependence on the voltage across the discharge lamp.

An effective limitation of voltages and currents in the circuit
arrangement during ignition of the discharge lamp is realised thereby.

Fig. 2.



circuit arrangenent After lanp ignition, the voltages in the circuit

are angenent drop, so that transistor T becones non-conducting and the
di'scharge lanp is operated with the stationary operating frequency. A fixed
stime interval after the discharge lanp has ignited, the tinmer circuit TC
activates the dinmng neans BL, so that the |um nous flux of the discharge
| anp can be adjusted to a desired valu ’ Resi stors R2 and
R4 serve to discharge capacitor C7 and tapacitor C8, respectively,

Capacitor C7 prevents the current in branch C from contaf ]
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The invention relates to a circuit arrangement for igniting and operating
a discharge lamp, which arrangement comprises a DC-AC converter provided with
- a first branch (A) provided with ends suitable for being connected to a DC voltage

source and comprising at least one switching element for generating a current with
alternating polarity by being conducting and non-conducting with a frequency £,
- a load branch B coupled to the switching element and comprising inductive means,

capacitive means, and means for coupling the discharge lamp to the load branch B,
- a control circuit coupled to the switching element for rendering the switching

element conducting and non-conducting with said frequency f, comprising a
resonant circuit which comprises further inductive means and further capacitive

means.

Such a circuit arrangement is known from European Patent Application
0189221A1. The circuit arrangement disclosed in this patent application comprises circuitry
for regulating the luminous intensity of the lamp with comparatively low power losses.
Another circuit arrangement comprising circuitry for lowering the variation in output
voltage caused by variation in the power voltage is described in US 4,992,702. Yet another
circuit arrangement as described in the opening paragraph is known from European Patent
Application 442572A1.

The known circuit arrangement is in particular designed for electrodeless
low-pressure mercury discharge lamps and is so dimensioned that the operating frequency
f of the circuit arrangement lies above the resonance frequency of the load branch both
during stationary lamp operation and during ignition of the discharge lamp in order to limit
power dissipation in the switching element. Ignition of the discharge lamp and stationary
lamp operation often take place at a substantially constant value of the frequency f. The
amplitudes of the voltages and currents present in the circuit arrangement during ignition
of the discharge lamp are often considerably higher than during stationary lamp operation.
Since these comparatively high voltages and currerits can strongly reduce the life of the
circuit arrangement, especially if the lamp does not (immediately) ignite as a result of, for
example, ambient factors, it is desirable to provide the switching arrangement with means
which prevent the amplitudes of the voltages and currents in the circuit arrangement

WENAT fiamoeinent _conpri ses a DC- AC- converter provided

afir E bt L_ded Wi th ends (1, 2) suitable for being

ng



conducting with a frequency (f), - a | oad branch (B} coupled to the'
\\é’%\ﬁ tching el emnWﬂ si ng i nductji ve means: (LI)
cadpacitive neans (Am i A e dNd Means (L2) for coupling the -

di scharge | anp (LA "nﬁ,”i#, gsmanch (B), - a control2¢irgslit coupl ed
to the switching el®nentt , T or rengering the swi t chi ng

el ement conducting and non-conducting wth said frequency (f), '
conprising a resonant circuit which conprises further inductive nmeans (L3)
and | further capacitive ans (C2), characterized in that the control
circuit is iTPACHEG EXCE¥IVS valuese dbgte: PeARS ey f APAPLS, rfﬁmé’ﬁls%\ﬁ‘ﬁh?ﬁ I an

i gni tion voldagses Wbkl tdMe sad beiHBk WhRhbecome durfeli-EchdRE@pchen@he ARplRhEd t O
wul he resonant circuit (L3, C2) and conprising a series ar r angenent

of a frequemfythelapipesrs and; Fseeatnacthe |cpuil ferapgement SIS PRsessive valuese thljse
(T) provi dedepcidy MeCrRinante gb@fehé de tfe0loall HrhdeBNSinRe thé @péralies Blageeney ft he

sem conductor el enment (T)in dependence on a potential at the control

el ectrode, -remaing suhstantinlly paghengedpihediffprence hesweancthe eperating Hegpreneyspngithe t o
the control rgéoﬁgﬁcrqu@qugrfxcy of the load branch increases, so that the amplitudes of voltages and

currents in the circuit arrangement decrease. It was found, however, that these voltage-
limiting elements must comply with particularly high requirements, as a result of which
they must be assembled from comparatively expensive components and nevertheless have
comparatively short lives.

The invention has for its object infer alia to provide a circuit arrangement
in which the amplitudes of the voltages and currents in the circuit arrangement during
ignition of the discharge lamp do not reach excessive values, while the circuit arrangement
also has a comparatively long operating life, and comparatively unexpensive components
can be used.

According to the invention, this object is achieved in that the control
circuit of a circuit arrangement of the kind mentioned in the opening paragraph is in
addition provided with means for limiting an ignition voltage, which means comprise
- a _third branch C coupled to the resonant circuit and comprising a series

arrangement of a frequency-dependent impedance and a semiconductor element
N provided with a control electrode for influencing the impedance of the
semiconductor element in dependence on a potential at the control electrode,
- a fourth branch D coupled to the load branch and to the control electrode of the
semiconductor element for influencing the potential of the control electrode in
dependence on the voltage across the discharge lamp.

If the amplitude of the voltage across the discharge lamp, and coupled
thereto the amplitudes of voltages and currents in the circuit arrangement reach an
excessively high value during the ignition of the discharge lamp, the potential of the
control electrode of the semiconductor element is brought to such a value by means of the
branch D that the impedance of the semiconductor element decreases. Owing to this

decrease in the M§edmce of the semiconductor element, the branch C will carry a



t he 'sem conductor elenent (T) for influencing the potential of the control

ectrode i n dependence on the voltage across the discharge | anp
(CA . 2. ~ Acircuit arrangenent as clained in Caimil,
characterized i'n that the sem conductor elenent (T) is a transistor. 3.
A circuit arrangenent .as -clainmed in d ai mPré or Clarm 2; Lzed in

that the frequency-dependent inpedance cofprises i ndmmgu : . 4.
A circuit arrangeifent as claimed in daim1l1, 2 or .3, §® .‘i Fmﬂl ' t hat
the .circuit arrangenent is.in additionmeﬂed with a tinér #ireuls (D3,

D4, C8, R4) for rendering the potenti al ich the anplitude of the
ignition voltage is Limted dependent on tine.

1. A circuit arrangement for igniting and operating a discharge lamp (LA),

which arrangement comprises a DC-AC-converter provided with

- a _f}ﬁt_ branch (A) provided with ends (1, 2) suitable for being connected to a DC
voltage sourc:—(\;)“ and comprising at least one switching element (S1, S2) for
generating a c-u—r:;;t with alternating polarity by being conducting and non-
conducting with a frequency .it_);

- a load branch (B) coupled to the switching element (S1, S2) and comprising

s inductive means (L 1), capacitive means (C4, C5, C9), and means (L.2) for coupling
the discharge lamp LL_Q to the load branch (B),

- a control circuit coupled to the switching element (S1, S2) for rendering the
switching element conducting and non-conducting with said frequency ®,
comprising a resonant circuit which comprises further inductive means (L3)-;;(-‘l-
further capacitive means (C2),

characterized in that the control circuit is in addition provided with means for limiting an

amplitude of an ignition voltage, which means comprise

- a third branch (C) coupled to the resonant circuit (I3, C2) and comprising a series
arrangement of a frequency dependent impedance (L7) and a semiconductor
element (T) provided with a control electrode for influencing the impedance of the
semiconductor element (T) in dependence on a potential at the control electrode,

NG - a fourth branch (D) coupled to the load branch (B) and to the control electrode of
the semiconductor element_g___T)for influencing the potential of the contro! electrode
in dependence on the voltage across the discharge lamp (LA).

2. A circuit arrangement as claimed in Claim 1, characterized in that the

semiconductor element (T) is a transistor.

3. A circuit arrangement as claimed in Claim 1 or Claim 2, characterized

in that the frequency-dependent impedance comprises inductive means (L7).

4, A circuit arrangement as claimed in Claim 1, 2 or 3, characterized in that

the circuit arrangement is in addition provided with a timer circuit (D3, D4, C8, R4) for

rendering the potential to which the amplitude of the ignition voltage is limited dependent
on time.



10 5. A circuit arrangement as clainmed in any one of the
Mecedl ng C ai s, hat the circuit arrangenent is al so

provided with di M ‘m substantially square-wave nodul ati on of
ﬂéﬂ“ lﬂ nd is provided with a second tiner

the alternating poi _
circuit for trlggerrngﬂt di mii nY rreansm/nen a fixed tine interval has

el dpsed after lanp ignition.

5. A circuit arrangement as claimed in any one of the preceding Claims,
characterized in that the circuit arrangement is also provided with dimming means for the
substantially square-wave modulation of the alternating polarity current, and is provided
with a second timer circuit for triggering the dimming means when a fixed time interval

has elapsed after lamp ignition,
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