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The invention relates to a circuit arrangement for operating a discharge

lamp, comprising a DC-AC converter provided with

- a branch A comprising a series circuit of two switching elements, each
switching element being shunted by a unidirectional element, while ends of the branch
A are provided with terminals K1 and K2 suitable for connection to poles of a DC
voltage source,

- a load branch B comprising inductive means and connection terminals
suitable for accommodating a lamp, which load branch shunts one of the switching
elements of branch A, '

- a first drive circuit I for generating a first drive signal during stationary
lamp operation for rendering each of the switching elements in branch A alternately
conducting and non-conducting, whereby each switching element is rendered conducting
and non-conducting once in succession within a time interval during which the other

switching element is non-conducting.

Such a circuit arrangement is known from European Patent Application
EP-A-0408121 A2.

The frequency of the first drive signal in the known circuit arrangement is
comparatively low, so that a lamp operated with the circuit arrangement carries a direct
current which is commuted with a comparatively low frequency. The luminous efficacy
of some types of discharge lamps, more in particular of some types of high-pressure
discharge lamps, is comparatively high when these lamps are operated with a direct
current. To prevent cataphoresis in the discharge lamp, it is often necessary to commute
the direct current at a low frequency.

Disadvantages of the known circuit arrangement in the case in which the
lamp operated with the circuit arrangement is a high-pressure discharge lamp are inzer

alia a comparatively bad take-over after lamp ignition and the lack of adequate
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failing to stabilize, so that the lamp extinguishes. The run-up of the high-pressure

5 discharge lamp takes place in the time interval betweer_l ignition of the high-pressure
discharge lamp and the moment stationary operating conditions are achieved. The
voltage across the lamp increases strongly during the run-up. As a result, the DC
voltage source from which the DC-AC converter is supplied during the run-up of the
lamp must supply a continually changing DC voltage, which is difficult to realise in

10 practice.

The invention has for its object to provide a circuit arrangement of the
kind mentioned in the opening paragraph with which a high-pressure discharge lamp

15 operated on this circuit arrangement has a comparatively good take-over while the
circuit arrangement is also provided with means for controlling the run-up of the high-
pressure discharge lamp.

A circuit arrangement according to the invention is for this purpose
characterized in that the DC-AC converter is also provided with

20 - a second drive circuit II coupled to the first drive circuit I for generating a
second drive signal for rendering each of the switching elements alternately conducting
and non-conducting, whereby each switching element is rendered consecutively
conducting and non-conducting more than once within a time interval during which the
other switching element is kept in the non-conducting state by the first drive signal.

25 The circuit arrangement is in two different operational states, alternating
with the frequency of the first drive signal, during the run-up of a high-pressure
discharge lamp operated on the circuit arrangement according to the invention. In the
first operational state, a first switching element of branch A is made conducting and
non-conducting alternately by the second drive signal, while the first drive signal keeps

30 the other switching element in the non-conducting state. In the second operational state,
the second drive signal makes the other switching element conducting and non-
conducting alternately, while the first switching element is kept in the non-conducting

state by the first drive signal. The circuit acts as a forward converter in both these
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direct current with a comparatively high-frequency, substantially triangular alternating
S current superimposed thereon. The frequency of the low-frequency commutation of the
direct current is equal to the frequency of the first drive signal, and the frequency of the
comparatively high-frequency, substantially triangular alternating current is equal to the
frequency of the second drive signal. The amplitude of the comparatively high-
" frequency substantially triangular alternating current is comparatively small in relation
10 to the amplitude of the low-frequency commutated direct current. It was found that lamp
operation in the first and second operational state of the circuit arrangement leads to a
good take-over of the high-pressure discharge lamp after ignition. At the same time, a
comparatively high voltage drop is present across the inductive means in the load
branch B. The value of this voltage drop is determined substantially exclﬁsively by the
15 amplitude of the high-frequency, substantially triangular altemnating current. The
moment the voltage across the high-pressure discharge lamp increases during the run-up
of the high-pressure discharge lamp, the voltage drop across the inductive means
decreases correspondingly, because the amplitude of the comparatively high-frequency,
substantially triangular alternating current decreases. This leads to the possibility for the
20 DC voltage with which the DC-AC converter is supplied to remain substantially
constant during the run-up of the high-pressure discharge lamp, while nevertheless the
lamp voltage can continually change, so that a good control of the run-up of the high-
pressure discharge lamp is realised. After the run-up of the high-pressure discharge
lamp, the first drive signal renders each switching element of branch A alternately
25 conducting and non-conducting, whereby each switching element is rendered
consecutively conducting and non-conducting once within a time interval during which
the other switching element is non-conducting. This lamp operation corresponds to the
lamp operation mentioned in European Patent Application 0408121 A2.
For certain applications it is desirab.le that the circuit arrangement is in
30 addition provided with a DC-DC converter coupled to the terminals X1 and K2. This
could be the case when the circuit arrangement is used for operating metal halide
motorcar lamps in a motorcar. Since the burning voltage during stationary operation of

metal halide motorcar lamps is in general higher than the voltage supplied by a battery
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to a higher value by means of a DC-DC converter. As was indicated above, the DC
voltage supplied by the DC-DC converter by which the DC-AC converter is supplied
can be kept at a substantially constant value in a circuit arrangement according to the
5 invention not only during stationary lamp operation, but also during the run-up of the
lamp. This means that the configuration of the DC-DC converter can be comparatively
simple.
A preferred embodiment of a circuit arrangement according to the
invention is provided with means III for generating a signal Sil which is a measure for
10 the lamp current, means IV for generating a signal Si2 which is a measure for a desired
value of the lamp current, and means V for adjusting a duty cycle of the second drive
signal in dependence on the signals Sil and Si2. The signal Si2 may be either
substantially time-independent or time-dependent. In the latter case it is possible to
adjust the amplitude of the direct current through the high-pressure discharge lamp
IS substantially to an optimum instantaneous value through a suitable choice of the time-
dependence of the signal Si2. Since the current through the high-pressure discharge
lamp is controlled during the run-up, a further control of the run-up of the high-pressure
discharge lamp is realised in this preferred embodiment.
A further preferred embodiment of the circuit arrangement comprises both
20 a DC-DC converter and means III, means IV and means V, and is characterized in that
the DC-DC converter comprises a switching element S5, and in that the circuit
arrangement is also provided with means VI for adjusting the duty cycle of the
switching element of the DC-DC converter in dependence on the signal Sil and the
signal Si2, means VIII for generating a signal Si3 which is a measure for the potential
25 difference between terminal K1 and terminal K2, means IX for generating a signal Si4
which is a measure for a desired value of the potential difference between terminal K1
and terminal K2, and means VII for adjusting the duty cycle of the switching element of
the DC-DC converter in dependence on the signal Si3 and the signal Si4. The use of
this further preferred embodiment renders it possible to control the potential difference
30 between terminal K1 and terminal K2 at a substantially constant value with the means
VII during the run-up of the high-preséure discharge lamp in such a manner that the
voltage across the high- pressure discharge lamp can increase while at the same time the

current through the high-pressure discharge lamp is controlled by means V. After the



2 =di scharge | anps, rs*fGrrp ‘y@pycehl gh when these Iarrpis,_ate_opﬁrat.ed 1h

a-direct current. To m“emﬁ 2 eS| s in the dischar gle“f’én‘ia“';‘ur“t%‘isa} N
often necessary to co current at a |ow frequen8griaCen |
D sadvant ages of the kn rangerrent in the case in which the

| anp oper at ey Ij‘|83¢le cwt arrangenentsis a high-pressure di sghgs 9692
|l anp are inter alia a Conparatively bad take-over after lanp ignition and
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voltage across the high-pressure discharge lamp is substantially constant and the lamp
current is controlled in that the means VI adjust the duty cycle of the switching element
S5 of the DC-DC converter in dependence on the signal Sil and on the signal Si2. A

5 further control of lamp operation is realised in this way.

Embodiments of the invention will be explained in more detail with
reference to a drawing, in which
10 Figure 1 shows an embodiment of a circuit arrangement according to the

invention.

In Figure 1, branch A is formed by terminals K1 and K2, sWitching

15 elements S1 and S2, and diodes D1 and D2 which in this embodiment are the
unidirectional elements. Both the branch comprising coil L1, which forms the inductive
means in this embodiment, connection terminals X5 and K6 suitable for accommodating
a'lamp, switching element S4 and diode D4, and the branch comprising coil L1,
connection terminals K5 and K6, switching element S3 and diode D3 can be regarded as

20 a load branch in this embodiment. The former branch forms load branch B and the
latter branch forms load branch B’. A high-pressure discharge lamp La, referred to as
the lamp La hereinafter, is connected to the connection terminals XS and K6. The DC-
AC converter is formed by branch A, load branch B, switching element S3, diode D3,
first drive circuit I and second drive circuit IT. Terminals K3 and K4 suitable for

25 connecting a DC voltage source, coil L2, diode DS, capacitor C1, switching element S5
and circuit portion VII together form a DC-DC converter. In addition, the circuit
arrangement comprises resistor Illa, integrator IIIb and circuit portions IV, V, VI, VIII,
[X and X. In this embodiment, the resistor IlTa and the integrator IIIb together form the
means III, while the circuit portions IV, V, VI, VIII, IX, X form the means IV, V, VI,

30 VIII, IX, X, respectively.

Terminal K3 is connected to terminal K4 by means of a series circuit of

coil L2, switching element S5 and resistor IIla. A common junction point of coil L2 and
switching element S5 is connected to an anode of diode D5. A cathode of diode DS is
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elements S1 and S2. A cathode of diode D1 is connected to terminal 1. An anode of the

1

5 diode D1 and a cathode of diode D2 are connected to a common junction point of
switching elements S1 and S2. An anode of diode D2 is connected to terminal K2.
Switching element S2 is shunted by a series circuit of coil L1, lamp connection terminal
K35, lamp La, lamp connection terminal K6, and switching element S4. Terminal K1 is
connected to lamp connection terminal K6 by means of switching elements S3. An

10 anode of diode D3 is connected to lamp connection terminal K6. A cathode of diode D3
is connected to terminal K1. An anode of diode D4 is connected to terminal K2. A
cathode of diode D4 is connected to lamp connection terminal K6. Gate electrodes of
switching elements S1, S$2, S3 and S4 are connected to outputs of drive circuit I. The
gate electrodes of switching elements S1 and S2 are also connected to oufputs of drive

L5 circuits II. An output of drive circuit I is connected to an input of drive circuit II.
Inputs of integrator IIIb are connected to ends of resistor IIIa. An output of integrator
I1Ib is connected to an input of circuit portion VL. A further input of circuit portion VI
is eonnected to an output of circuit portion IV. An output of circuit portion VI is
connected to an input of circuit portion VII. An output of circuit portion VII is

20 connected to a gate electrode of switching element S5. The output of integrator IIIb is
also connected to an input of circuit portion V. A further input of circuit portion V is
connected to an output of circuit portion IV. An output or circuit portion V is connected
to an input of drive circuit I1. An input of circuit portion VIII is connected to terminal
K1 and a further input of circuit portion VIII is connected to terminal K2. An output of

25 circuit portion VIII is connected to an input of circuit portion X. An output of circuit
portion IX is connected to a further input of circuit portion X. An output of circuit
portion X is connected to an input of circuit portion VII.

The operation of the circuit arrangement shown in Figure 1 is as follows.
When a DC voltage source is connected to terminals K3 and K4, the

30 circuit portion VII generates a high-frequency drive signal. This renders the switching
element S5 alternately conducting and non-conducting, so that the DC voltage supplied
by the DC voltage source is converted into a higher DC voltage which is present
between terminals K1 and K2 and which serves as a supply voltage for the DC-AC
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5 adjusted by means of signal Si3 and signal Si4 via circuit portions VII and X in such a

way that the voltage between terminals K1 and K2 is substantially equal to the desired
value. The DC-DC converter thus acts as a voltage source, so that the supply voltage of
the DC-AC converter is substantially constant. The DC-AC converter operates as
follows during the lamp run-up. Almost immediately after ignition of the lamp La,

10 which is realised with means not shown in Figure 1, the first drive circuit I and the
second drive circuit II generate the first and second drive signals, respectively. The
frequency of the second drive signal is considerably higher than the frequency of the
first drive signal. The circuit arrangement is brought into two different operational
states by these drive signals, alternating with the frequency of the first drive signal. In

15 the first operational state, both switching element S2 and switching element S3 are non-
conducting. Switching element S4 is in the conducting state brought on by the first drive
signal, while switching element S1 is rendered alternately conducting and non-
conducting by the second drive signal. While the switching element S1 is conducting, a
direct current flows through the series circuit formed by terminal K1, switching element

20 Sl coil L1, lamp connection terminal KS, lamp La, lamp connection terminal K6,
switching element 5S4, and terminal K2. While the switching element S1 is non-
conducting, this direct current flows through the circuit formed by coil L1, lamp
connection terminal K5, lamp La, lamp connection terminal K6, switching element §4,
and diode D2. Switching element S1, coil L1, and diode D2 function as a forward

25 converter in this first operational state. While switching element S1 is conducting, the
amplitude of the direct current increases substantially linearly, whereas in the non-
conducting state of switching element S1 the amplitude of the direct current decreases
linearly. In the second operational state, switching elements S1 and S4 are non-
conducting. Switching element S3 is in the conducting state brought on by the first drive

30 signal, while switching element is rendered alternately conducting and non-conducting
by the second drive signal. While switching element S2 is conducting, a direct current
flows through the series circuit formed by terminal K1, switching element 3, lamp

connection terminal K6, lamp La, lamp connection terminal K5, coil L1, switching
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element 82, and terminal K2. This direct current flows through the lamp La in a
direction opposite to that of the direct current which flows through the lamp La in the
first operational state. While switching element S2 is non-conducting, the direct current
flows in the circuit formed by lamp connection terminal K6, lamp La, lamp connection
terminal K3, coil L1, diode D1, and switching element S3. In the second operational
state, switch:ng element S2, diode D1 and coil L1 function as a forward converter.
While the switching element S2 is conducting, the amplitude of the direct current

increases substantially linearly, whereas in the non-conducting state of switching

~ element S2 the amplitude of the direct current decreases substantially linearly. Since the

circuit arrangement is brought into the first and into the second operational state
alternately with the frequency of the first drive signal during the lamp run-up and the
frequency of the second drive signal is considerable higher than that of the first drive
signal, the current through the lamp has the shape of a low-frequency commutated
direct current of substantially constant amplitude with a comparatively high—frequency,
substantially triangular alternating current superimposed thereon.

The average value of the voltage across the resistor IIIa is a measure for
the current through the lamp La during the run-up of the lamp La. A signal Sil which
is a measure for the average value of the voltage across resistor IIla is present at the
output of the integrator IIIb. Circuit portion IV generates a signal Si2 which is a
measure for a desired value of the current through the lamp La. Circuit portion V
adjust the duty cycle of the second drive signal in dependence on these two signals Sil
and Si2. The current through the lamp La is continually controlled at substantially the
desired value during the run-up in this manner.

After the run-up of the lamp, when the voltage across the lamp has
become constant, the circuit arrangement switches over to stationary operation. The
second drive circuit is de-activated, so that the second drive signal is no longer
generated and the first drive signal renders switching elements S1 and S4 on the one
hand and.switching elements S2 and S3 on the other hand conducting and non-
conducting in turn in such a way that the DC-AC converter is operated as a
comparatively low-frequency commutator. During this stationary operation, circuit
portion VI controls the duty cycle of the high-frequency drive signal generated by
circuit portion VII in dependence on the two signals Sil and Si2. The current through
the lamp La during stationary operation is continually controlled to substantially the
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This leads tp the pos irduit Mran@émédiGor operating a discharge lamp, comprising a DC-
AC converter provided with

- a branch A comprising a series circuit of two switching elements (S1,
S2), each switching element being shunted by a unidirectional element (D1, D2), while
5 ends of the branch A are provided with terminals K1 and K2 suitable for connection to
poles of a DC voltage source,
- a load branch B comprising inductive means (L1) and connection
terminals (KS, K6)suitable for accommodating a lamp, which load branch shunts one of
_ the switching elements of branch A, '

10 - a first drive circuit I for generating a first drive signal during stationary
lamp operation for rendering each of the switching elements in branch A alternately
conducting and non-conducting, whereby each switching element is rendered conducting
and non-conducting once in succession within a time interval during which the other
switching element is non-conducting,

15 characterized in that the DC-AC converter is also provided with

- a second drive circuit II coupled to the first drive circuit I for generating
a second drive signal for rendering each of the switching elements alternately
conducting and non-conducting, whereby each switching element is rendered
consecutively conducting and non-conducting more than once within a time interval

20 during which the other switching element is kept in the non-conducting state by the first
drive signal.

2. A circuit arrangement as claimed in Claim 1, characterized in that the
circuit arrangement is in addition provided with a DC-DC converter coupled to the
terminals K1 and X2.

25 3. A circuit arrangement as claimed in Claim 1 or 2, characterized in that
the circuit arrangement is provided with means III for generating a signal Sil which is a
measure for the lamp current, means IV for generating a signal Si2 which is a measure

for a desired value of the lamp current, and means V for adjusting a duty cycle of the
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5~ characterized in that the DC-DC converter comprises a switching element (S5), and in

that the circuit arrangement is also provided with means VI for adjusting the duty cycle
of the switching element of the DC-DC converter in dependence on the signal Sil and
the signal Si2, means VIII for generating a signal Si3 which is a measure for the
potential difference between terminal K1 and terminal K2, means IX for generating a
10 signal Si4 which is a measure for a desired value of the potential difference between
‘terminat K1 and terminal K2, and means X for adjusting the duty cycle of the switching
element of the DC-DC converter in dependence on the signal Si3 and the signal Si4.
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Circuit arrangement.

The invention relates to a circuit arrangement for operating a discharge
lamp, comprising .a DC-AC converter provided with

- a branch A comprising a series circuit of two switching elements (S1,
S2), each switching element being shunted by a unidirectional element (D1, D2), while
ends of the branch A are provided with terminals K1 and K2 suitable for connection to
poles of a DC voltage source,

- a load branch B comprising inductive means (L1) and connection
terminals (KS, K6) suitable for accommodating a lamp, which load branch shunts one of
the switching elements of branch A,

- a first drive circuit I for generating a first drive signal during stationary
lamp operation for rendering each of the switching elements in branch A alternately
conducting and non-conducting, whereby each switching element is rendered conducting
and non-conducting once in succession within a time interval during which the other
switching element is non-conducting.

According to the invention, the circuit arrangement is in addition provided
with

- a second drive circuit II coupled to the first drive circuit I for generating
a second drive signal for rendering each of the switching elements alternately
conducting and non-conducting, whereby each switching element is rendered
consecutively conducting and non-conducting more than once within a time interval
during which the other switching element is kept in the non-conducting state by the first
drive signal.

It is achieved by this that a lamp operated on the circuit arrangement has
good' take-over characteristics, while at the same time the run-up of the lamp is well
controllable.

is Sheet Has Been Replaced
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to a higher value by means of a DCrBe-eonvert-er—-As-was i ndi cat ed above,
tshe DC vol tage supplied by the DC DCFeoiverit@ts BEENWI ch th ﬁlﬁf*%ﬁv&ﬁéﬁr
i s supplied can be kept at a substantial¥%“¢ofistant ival ue jj N eyyicliit °hEs
arrangenment according to the invention not only during statijonary |anp
operation, but also during the run-up oflthe lanp. This s RIEakivVHess
configuration of the DC-DC converter can be conparatively jsijnple.

A pref err egigitbadiingementof a circujt arrangementaccordi ng t o THE T MVENtTon
is provided with neans 11l for ge 4t Has ReerfRegin@ly Si| whilch_is_a nmeasure |
for the lanp current, neans |V for m signal Si2 whichis a
nmeasure for a desired value of the EM’I and neans V for adjusting
a duty cycle of the second drive signal I'n dence on the signals Sil
and Si 2. The signal Si2 may be either substantially tinme-independent or
time-dependent. In the latter case it is possible to

The invention relates to a circuit arrangement for operating a discharge
lamp, comprising a DC-AC converter provided with

- a branch A comprising a series circuit of two switching elements, each
switching element being shunted by a unidirectional element, while ends of the branch
A are provided with terminals X1 and K2 suitable for connection to poles of a DC
voltage source,

- a load branch B comprising inductive means and connection terminals
suitable for accommodating a lamp, which load branch shunts one of the switching
elements of branch A,

- a first drive circuit I for generating a first drive signal during stationary
lamp operation for rendering each of the switching elements in branch A alternately
conducting and non-conducting, whereby each switching element is rendered conducting
and non-conducting once in succession within a time interval during which the other

switching element is non-conducting.

Such a circuit arrangement is known from European Patent Application
EP-A-0408121 A2.

The frequency of the first drive signal in the known circuit arrangement is
comparatively low, so that a lamp operated with the circuit arrangement carries a direct
current which is commuted with a cc,)_mpara"tiveiy low frequency. The luminous efficacy
of some types of discharge lamps, more in particular of some types of high-pressure
discharge lamps, is comparatively high when these lamps are operated with a direct
current. To prevent cataphoresis in the discharge lamp, it is often necessary to commute
the direct current at a low frequency.

Disadvantages of the known circuit arrangement in the case in which the
lamp operated with the circuit arrangement is a high-pressure discharge lamp are inter
alia a comparatively bad take-over after lamp ignition and the lack of adequate
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zation of the discharge in the lamp after ignition. The comparatively bad take-
£ the lamp may result in the discharge initialized in the lamp by the ignition

ling to stabilize, s0 that the lémp extinguishes. The run-up of the high-pressure

discharge lamp takes place in the time interval between ignition of the high-pressure

discharge lamp and the moment stationary operating conditions are achieved. The

voltage across the lamp increases strongly during the run-up. As a result, the DC

voltage source from which the DC-AC converter is supplied during the

run-up of the

lamp must supply a continually changing DC voltage, which is difficult to realise in

practice.

The invention has for its object to provide a circuit arrangement of the
kind mentioned in the opening paragraph with which a high-pressure discharge lamp
operated on this circuit arrangement has a comparatively good take-over while the
circuit arrangement is also provided with means for controlling the run-up of the high-

pressure discharge lamp.

A circuit arrangement according to the invention is for this purpose

characterized in that the DC-AC converter is also provided with

- a second drive circuit II. coupled to the first drive circuit I for generating a
second drive signal for rendering each of the switching elements alternately cdnducting

and non-conducting, whereby each switching element is rendered consecutively

conducting and non-conducting niore than once within a time interval during which the

other switching element is kept in the non-conducting state by the first

drive signal.

The circuit arrangement is in two different operational states, alternating

with the frequency of the first drive"signal,' during the run-up of a high-pressure

discharge lamp operated on the circuit arrangement according to the invention. In the
first operational state, a first switching element of branch A is made conducting and

non-conducting aiternately by the second drive signal, whﬂe the first drive signal keeps
the other switching element in the non-conducting state. In the second operational state,
the second drive signal makes the other switching element conducting and nori-
conducting alternately, while the first switching element is kept in the non-conducting

state by the first drive signal. The circuit acts as a forward converter in both these
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the lamp current during the lamp run-up has the shape of a low-frequency commutated
direct current with a comparatively high-frequency, substantially triangular alternating
current superimposed thereon. The frequency of the low-frequency commutation of the
direct current is equal to the frequency of the first drive signal, and the frequency of the
comparatively high-frequency, substantially triangular alternating current is equal to the
frequency of the second drive signal. The amplitude of the comparatively high-
frequency substantially triangular alternating current is comparatively small in relation
to the amplitude of the low-frequency commutated direct current. It was found that lamp
operation in the first and second operational state of the circuit arrangement leads to a
good take-over of the high-pressure discharge lamp after ignition. At the same time, a
comparatively high voltage drop is present across the inductive means in the load
branch B. The value of this voltage drop is determined substantially exclusively by the
amplitude of the high-frequency, substantially triangular alternating current. The
moment the voltage across the high-pressure discharge lamp increases during the run-up
of the high-pressure discharge lamp, the voltage drop across the inductive means
decreases correspondingly, because the amplitude of the comparatively high-frequency,
substantially triangular alternating current decreases. This leads to the possibility for the
DC voltage with which the DC-AC converter is supplied to remain substantially
constant during the run-up of the high-pressure discharge lamp, while nevertheless the
lamp voltage can continually change, so that a good control of the run-up of the high-
pressure discharge lamp is realised. After the run-up of the high-pressure discharge
lamp, the first drive signal renders each switching element of branch A alternately
conducting and non-conducting, whereby each switching element is rendered
consecutively conducting and non-conductmg once within a time interval during which
the other switching element is non-conductmg This lamp operation corresponds to the
lamp operation mentioned in European Patent Application 0408121 A2.

For certain applications it is desirable that the circuit arrangement is in
addition provided with a DC-DC converter coupled to the terminals K1 and K2. This
could be the case when the circuit arrangement is used for operating metal halide
motorcar lamps in a motorcar. Since the burning voltage during stationary operation of

metal halide motorcar lamps is in general higher than the voltage supplied by a battery
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simple.

A preferred embodiment of a circuit arrangement according to the
invention is provided with means III for generating a signal Sil which is a measure for
the lamp current, means IV for generating a signal Si2 which is a measure for a desired
value of the lamp current, and means V for adjusting a duty cycle of the second drive
signal in dependence on the signals Sil and Si2. The signal Si2 may be either
substantially time-independent or time-dependent. In the latter case it is possible to
adjust the amplitude of the direct current through the high-pressure discharge lamp
substantially to an optimum instantaneous value through a suitable choice of the time-
dependence of the signal Si2. Since the current through the high-pressure discharge
lamp is controlled during the run-up, a further control of the run-up of the high-pressure
discharge lamp is realised in this preferred embodiment.

A further preferred embodiment of the circuit arrangement comprises both
a DC-DC converter and means III; means IV and means V, and is characterized in that
the DC-DC converter comprises a switching element S5, and in that the circuit '
arrangement is also provided with means VI for adjusting the duty cycle of the
switching element of the DC-DC converter in dependence on the signal Sil and the
signal Si2, means VIII for generating a signal Si3 which is a measure for the potential
difference between terminal K1 and terminal K2, means IX for generating a signal Si4
which is a measure for a desired valye of the potential difference between terminal K1
and terminal K2, and means VII for ;djusting the duty cycle of the switching element of
the DC-DC converter in dependence on the signal Si3 and the signal Si4. The use of
this further preferred embodiment renders it possible to control the potential difference
between terminal K1 and terminal K2 at a substantially constant value with the means
VII during the run-up of the high-pressure discharge lamp in such a manner that the
voltage across the high- pressure discharge lamp can increase while at the same time the
current through the high-pressure discharge lamp is controlled by means V. After the
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wun-up of the high-pressure discharge lamp, during stationary lamp operation, the
voltage across the high-pressure discharge lamp is substantially constant and the lamp
current is controlled in that the means VI adjust the duty cycle of the switching element
s5 of the DC-DC converter in dependence on the signal Sil and on the signal Si2. A

further control of lamp operation is realised in this way.

Embodiments of the invention will be explained in more detail with
reference to a drawing, in which

Figure 1 shows an embodiment of a circuit arrangement according to the

invention.

In Figure 1, branch A is formed by terminals K1 and X2, switching
elements S1 and S2, and diodes D1 and D2 which in this embodiment are the
unidirectional elements. Both the branch comprising coil L1, which forms the inductive
means in this embodiment, connection terminals K5 and K6 suitable for accommodating
a lamp, switching element S4 and diode D4, and the branch comprising coil L1,
connection terminals K5 and K6, switching element S3 and diode D3 can be regarded as
a load branch in this embodiment. The former branch forms load branch B and the
latter branch forms load branch B’. A high-pressure discharge lamp La, referred to as
the lamp La hereinafter, is connected to the connection terminals KS and K6. The DC-
AC converter is formed by branch A, load branch B, switching element $3, diode D3,
first drive circuit I and second drive circuit II. Terminals K3 and K4 suitable for
connecting a DC voltage source, coil L2, diode D35, capacitor C1, switching element S5
and circuit portion VII together form‘a DC-DC converter. In addition, the circuit
arrangement comprises resistor Ila, ﬁntegrator IIIb and circuit portions IV, V, VI, VIII,
IX and X. In this embodiment, the resistor IIla and the integrator IIIb together form the
means III, while the circuit portions IV, V, VI, VII, IX, X form the means IV, V, VI,
VIII, IX, X, respectively.

Terminal K3 is connected to terminal K4 by means of a series circuit of
coil L2, switching element S5 and resistor ITTa. A common junction point of coil L2 and

switching element S5 is connected to an anode of diode DS. A cathode of diode DS is
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connected to a common junction point of switching element S5 and resmtdtz.llhandm,*m
terminal K2 via capacitor C1. The cathode of diode D5 is also connected to terminal
K1. Terminal K1 is connected to terminal K2 by means of a series circuit of switching
elements S1 and S2. A cathode of diode D1 is connected to terminal 1. An anode of the
diode D1 and a cathode of diode D2 are connected to a common junction point of
switching elements S1 and S2. An anode of diode D2 is connected to terminal K2.
Switching element S2 is shunted by a series circuit of coil L1, lamp connection terminal
K5, lamp La, lamp connection terminal X6, and switching element S4. Terminal K1 is
connected to lamp connection terminal K6 by means of switching elements S3. An
anode of diode D3 is connected to lamp connection terminal K6. A cathode of diode D3
is connected to terminal K1. An anode of diode D4 is connected to terminal K2. A
cathode of diode D4 is connected to lamp connection terminal K6. Gate electrodes of
switching elements S1, S2, S3 and S4 are connected to outputs of drive circuit I. The
gate electrodes of switching elements S1 and S2 are also connected to outputs of drive
circuits II. An output of drive circuit I is connected to an input of drive circuit II.
Inputs of integrator IITb are connected to ends of resistor Illa. An output of integrator
IIb is connected to an input of circuit portion VI. A further input of circuit portion VI
is connected to an output of circuit portion IV. An output of circuit portion VI is
connected to an input of circuit portion VII. An output of circuit portion VII is
connected to a gate electrode of switching element S5. The output of integrator IIIb is
also connected to an input of circuit portion V. A further input of circuit portion V is
connected to an output of circuit portion IV. An output or circuit portion V is connected
to an input of drive circuit IT. An input of circuit portion VIII is connected to terminal
K1 and a further input of circuit portion VIII is connected to terminal K2. An output of
circuit portion VIII is connected to an input of circuit portion X. An output of circuit
portion IX is connected to a further i,pput oi" cir;:uit portion X. An output of circuit
portion X is connected to an input of circuit portion VII. .

The operation of the circuit arrangement shown in Figure 1 is as follows.

When a DC voltage source is connected to terminals K3 and K4, the
circuit portion VII generates a high-frequency drive signal. This renders the switching
element S5 alternately ;:onducting and non-conducting, so that the DC voltage supplied
by the DC voltage source is converted into a higher DC voltage which is present
between terminals K1 and K2 and which serves as a supply voltage for the DC-AC
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Circuit poadjustsisby Means of\dignal/Si3 an'dxslgﬁﬂ Sot wiatdireuitgpartions \WII ¥nd M in such a
way that the voltage between terminals K1 and K2 is substantially equal to the desired
value. The DC-DC converter thus acts as a voltage source, so that the supply voltage of
the DC-AC converter is substantially constant. The DC-AC converter operates as
follows during the lamp run-up. Almost immediately after ignition of the lamp La,
which is realised with means not shown in Figure 1, the first drive circuit I and the
second drive circuit II generate the first and second drive signals, respectively. The
frequency of the second drive signal is considerably higher than the frequency of the
first drive signal. The circuit arrangement is brought into two different operational
states by these drive signals, alternating with the frequency of the first drive signal. In
the first operational state, both switching element S2 and switching element S3 are non-
conducting. Switching element S4 is in the conducting state brought on by the first drive
signal, while switching element S1 is rendered alternately conducting and non-
conducting by the second drive signal. While the switching element S1 is conducting, a
direct current flows through the series circuit formed by terminal K1, switching element
S1, coil L1, lamp connection terminal K5, lamp La, lamp connection terminal K6,
switching element S4, and terminal K2. While the switching element S1 is non-
conducting, this direct current flows through the circuit formed by coil L1, lamp
connection terminal K5, lamp La, lamp connection terminal K6, switching element $4,
and diode D2. Switching element S1, coil L1, and diode D2 function as a forward
converter in this first operational state. While switching element S1 is conducting, the
amplitude of the direct current increases sul;ﬁtantially linearly, whereas in the non-
conducting state of switching elemen; S1 the amplitude of the direct current decreases
linearly. In the second operational state, switching elements S1 and S4 are non-
conducting. Switching element S3 is in the conducting state brought on by the first drive
signal, while switching element is rendered alternately conducting and non-conducting
by the second drive signal. While switching element S2 is conducting, a direct current
flows through the series circuit formed by terminal K1, switching element S3, lamp
connection terminal K6, lamp La, lamp connection terminal K§, coil L1, switching
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terminal K5, coil L1, diode D1, and switching element $3. In the second operational

state, switching element S2, diode D1 and coil L1 function as a forward converter.
While the switching element S2 is conducting, the amplitude of the direct current
increases substantiaily linearly, whereas in the non-conducting state of switching
element S2 the amplitude of the direct current decreases substantially linearly. Since the
circuit arrangement is brought into the first and into the second operational state
alternately with the frequency of the first drive signal during the lamp run-up and the
frequency of the second drive signal is considerable higher than that of the first drive
signal, the current through the lamp has the shape of a low-frequency commutated
direct current of substantially constant amplitude with a comparatively high-frequency,
substantially triangular alternating current superimposed thereon.

The average value of the voltage across the resistor IIla is a measure for
the current through the lamp La during the run-up of the lamp La. A signal Sil which
is a measure for the average value of the voltage across resistor IIla is present at the
output of the integrator IIIb. Circuit portion IV generates a signal Si2 which is a
measure for a desired value of the current through the lamp La. Circuit portion V
adjust the duty cycle of the second drive signal in dependence on these two signals Sil
and Si2. The current through the lamp La is continually controlled at substantially the
desired value during the run-up in this manner.

After the run-up of the lamp, when the voltage across the lamp has
become constant, the circuit arrangement SW1tches over to stationary operation. The
second drive circuit is de-activated, 50 that the second drive signal is no longer
generated and the first drive signal renders switching elements S1 and S4 on the one
hand and switching elements S2 and S3 on the other hand conducting and non-
conducting in turn in such a way that the DC-AC converter is operated as a
comparatively low-frequency commutator. During this stationary operation, circuit
portion VI controls the duty cycle of the high-frequency drive signal generated by
circuit portion VII in dependence on the two signals Sil and Si2. The current through
the lamp La during stationary operation is continuaily controlled to substantially the
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desired value in this way, and the DC-DC converter is used as a current source during’

stationary lamp operation.
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1, A circuit arrangeﬁxent for operating a discharge lamp, comprising a DC-
AC converter provided with

- a branch A comprising a series circuit of two switching elements (S1,
'§2), each switching element being shunted by a unidirectional element (D1, D2), while
ends of the branch A are provided with terminals K1 and K2 suitable for connection to
poles of a DC voltage source,

- a load branch B comprising inductive means (L1) and connection
terminals (KS, K6)suitable for accommodating a lamp, which load branch shuats one of
the switching elements of branch A, _

- a first drive circuit I for generating a first drive signal during stationary
lamp operation for rendering each of the switching elements in branch A alternately
conducting and non-conducting, whereby each switching element is rendered conducting
and non-conducting once in succession within a time interval during which the other
switching element is non-conducting,

characterized in that the DC-AC converter is also provided with

- a second drive circuit IT coupled to the first drive circuit I for generating
a second drive signal for rendering each of the switching elements alternately
conducting and non-conducting, whereby each switching element is rendered
consecutively conducting and non-conducting more than once within a time interval
during which the other switching element is kept in the non-conducting state by the first
drive signal.

2. A circuit arrangement Las claimed in Claim 1, characterized in that the
circuit arrangement is in addition provided with a DC-DC converter coupled to the
terminals K1 and K2.

3. ‘A circuit arrangement as claimed in Claim 1 or 2, characterized in that
the circuit arrangement is provided with means III for generating a signal Sil which is a
Mmeasure for the lamp current, means IV for generating a signal Si2 which is a measure

for a desired value of the lamp current, and means V for adjusting a duty cycle of the
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drive circuit Il. An input of circuit portion VIIl is connectédito termnal
KI and a further input of circuit portibh VIIl is connected tp term nal K2

An output of circuit portion VIII is connected to an input oflcircuit .
portion Xsectnddalrtvesignal incdependenceon theosignals B andr8i2cted to a further input

of circuit portion X .An, output of ciycuif, tiqn I s connected to an
i nput of & rcuit pOAtqu;;Htt\;\angementasc{mmeJ "P&kwg’péﬁ%ﬁaﬁﬁ I that the ¢ ¢
arrangemeny nﬁpwsiﬁ%eE&%Uﬁ%n& is as foll ows. When a DC

t

vol tage soutrce 1s connected to termnals K3 and K4, the <circuit portion
VIl gener&tes a hi gA-discaiyaerangenint e chimedin Clhims 2 rand @eorsint Qlaints/2 andidng

o gm0 B B ot Qg s Suilng Werh i s o
that the circuit arrangement is also provided with means VI for adjusting the duty cycle
of the switching element of the DC-DC converter in dependence on the signal Sil and
the signal Si2, means VIII for generating a signal Si3 which is a measure for the
potential difference between terminal K1 and terminal K2, means IX for generating a
signal Si4 which is a measure for a desired value of the potential difference between
terminal K1 and terminal K2, and means X for adjusting the duty cycle of the switching
element of the DC-DC converter in dependence on the signal Si3 and the signal Si4.
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by the DC voltage source is converter~$ at-o-a hi gher DC vol t 19@. ?Mﬁﬁﬁ”ﬁs:ﬁ‘ﬂ?

present between termnals Kl and K2 éﬁWﬁk@H*mm&s as a suppty-vot Lage i
for the DC-AC converter. During thelrun- §§PetCihe | ap, i it, §Q«r«£ >§
generates a signal Si4 which is a neasure for a desiTed va g 5
vol tage between termnals KL and K2, wi@le circuit portion VL_lAl,.._g.eneyr‘at..es..,
a signal Si3 which is a neasure for the value of the voltage between

term nal s ABSERAQP. The duty cycle of the sw tching el enent—S5-i-s—adjtrsted
by neans of signal Si3 and signal Si4 via circuit portions VII and X in
such a wayCHot aFMBen8Nt age between terninals KL and K2 is substantially
equal to the desired

The invention relates to a circuit arrangement for operating a discharge
lamp, comprising 2 DC-AC converter provided with

- a branch A comprising a series circuit of two switching elements (S1,
§2), each switching element being shunted by a unidirectional element (D1, D2), while
ends of the branch A are provided with terminals K1 and K2 suitable for connection to
poles of a DC voltage source,

- a load branch B comprising inductive means (L1) and connection
terminals (K5, K6) suitable for accommodating a lamp, which load branch shunts one of
the switching elements of branch A,

- a first drive circuit I for generating a first drive signal during stationary
lamp operation for rendering each of the switching elements in branch A alternately
conducting and non-conducting, whereby each switching element is rendered conducting
and non-conducting once in succession within a time interval during which the other
switching element is non-conducting.

According to the invention, the circuit arrangement is in addition provided
with

- a second drive circuit IT coupled to the first drive circuit I for generating
a second drive signal for rendering each of the switching elements alternately
conducting and non-conducting, whereby each switching element is rendered
consecutively conducting and non-conducnng more than once within a time interval
during which the other switching element is kept in the non-conducting state by the first
drive signal. ,

Itis achieved by this that a lamp operated on the circuit arrangement has
good take-over characteristics, while at the same time the run-up of the lamp is well
controllable. —_—

This Sheet T
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8 value. The DC-DC converter thus acts as a vol tage source, SQJFL[I]Q&:%%@@ }bl’—l
supply voltage of the DC AC convert er—is—stpst-antially const nt_,
converter operates as follows during Pﬁé’i ﬁ’p ‘r’i}n?ﬁﬁﬁ‘ Al nost n‘r’redl ately
after ignition of the lanp La, whichtis r&54ER withineans not] sEGWHIVIIFS
Figure 1, the first drive circuit | and the second drive circ |L Il

generate the first and second drive signals, respectively. The
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frequency of the second drive signal is considerably higher than the
frequency of the first drive signal. The circuit arrangenent is brought
into two different operational states by these drive signals, alternating
with the frequency of the first drive signal. In the first -operational
state, hoth switching el enent S2 and swi tichi ng el enent ) V7T
conducti ng. SMAtching element S4 is in the cogducting S 3¥gtﬁ$%ﬂ§%&3@ﬁ55 '
the first drive signal, while switching elenment Sl is rengered alternatelly
conducting and non- conducting by the second drive signal| WA Li&it 689
swtching element S1 is conducting, a direct current fljo through the
series circuit fornmed by term nal (ifcuitsamahgdmeng, el enent] S1, coil L1, la
connection termnal K5, |anp La, |"anp connectioh termn itchin
el ement S4, and termnal K2. While the switching elenent S1 is non-
conducting, this direct current flows through the circuit fornmed by coi
L1, lanp connection termnal KS, |anp La, |anp connection term nal K6,
switching el ement SA4The inventon relates 0 a circuit arrangement for operating a discharge

lamp, comprising a DC-AC converter provided with
- - abranch A comprising a series.circuit of two switching elements, each
swisching element being shunted by a unidirectional element, while ends of the
branch A are provided with terminals X1 and K2 suitable for connection to
~7 poles of a DC voltage source,
- a load branch B comprising inductive means and connection terminals suitable
for accommodating 2 lamp, which load branch shunts one of the switching
elements of branch A,
- a first drive circuit I for generating a first drive signal during stationary lamp
operation for rendering each of the switching elements in branch A alternately
Conducting and non-conducting, whereby each switching element is rendered
conducting and non-conducting once in succession within a time interval during
which the other switching element is non-conducting, and
- a second drive circuit II coupled to the first drive circuit I for generating a
second drive signal for rendering each of the switching elements alternately
~ conducting and non-conducting, whereby each switching element is rendered
consecutively conducting and non-conducting more than once within a time
interval during which the other switching element is kept in the non-conducting

state by the first drive signal,

Such a circuit arrangement is known from European Patent Application
EP-A-0408121 A2,

The frequency of the first drive signal in the known circuit arrangement is
comparatively low, so that a lémp operated with the circuit arrangement carries a direct
current which is commuted with a comparatively low frequency. The luminous efficacy
of some types of discharge lamps, more in particular of some types of high-pressure



and diode D2. Switching elenment S1, coil L1, and diode D2 f i

forward converter in this first operational state. Wile swijt RBPIACERIENTESHEET
S1 is canducting, the anplitude of the direct current incre s"
substantially linearly, whereas in the non- conducting stat N T:Ghliﬁ@
elenment S1 the anplitude of the direct clrrent decreases |i ec v Tt
second operational state, switching elenents S1 and S4 are ofReH6ti-Rg
Swi t chi ng dischargmtlarsps,iis cnmpmavdyrmgjcwhﬂgt}mkealampbm&@m% S}l a-d@ch rst

ﬂ

drive signa nt render e ernate i g
and non- céﬁ‘as%mﬁg?fﬁ‘ﬁ'ﬁé%ﬁ‘gﬁﬂa *ﬂ%’é\%g AR g‘°e"r“ B S
I's conduCindi@irec? cdirefiCit £16W eRhudicpWs through the serl es circuit forned by
term nal K1, switching element 'S3," | anp connection term nal K6, |a La.

| anp connection ter Bisadvartsges ofithe lmgwrswwmmvemmmmthmeamwhmr nal
K2. This gilrect cur,ren QWS , throu h the

Fo that - olARmEPERICTI the Sl AFENOREtAS & PR dReiares e fre thr ' ©
alia a Comparatively bad taks-over after lamp ignition and the lack of adequate
provisions for controlling the run-up of the lamp, Take-over is here understood to mean
the -stabilization of the discharge in the lamp after ignition. The comparatively bad take-
gver of the lamp may result in the discharge initialized in the lamp by the ignition
failing to stabilize, so that the lamp extinguishes. The run-up of the high-pressure

S discharge lamp takes place in the time Interval between ignition of the high-pressure
discharge lamp and the moment stationary operating conditions are achieved. The
voltage across the lamp increases strongly during the run-up. As a result, the DC
voltage source from which the DC-AC converter is supplied during the run-up of the
lamp must supply a continually changing DC voltage, which 1s difficult to realise in

practice.

The invention has for its object to provide a circuit arrangement of the
kind mentioned in the opening paragraph with which a high-pressure discharge lamp
operated on this circuit arrangement has a comparatively good take-over while the

e/ circuit arrangement is also provided with means for controlling the run-up of the high-
pressure discharge lamp.

A circuit arrangement according to the invention is for this purpose
characterized in that the DC-AC converter is also provided with means for activating
the second drive circuit II during the run-up of the discharge lamp and deactivating the
second drive circuit IT after the run-up of the discharge lamp.

The circuit arrangement is in two different operational states, alternating
with the frequency of the first drive signal, during the run-up of a high-pressure
discharge lamp operated on the circuit arrangement according to the invention. In the
first operational state, a first switching element of branch"A is made conducting and
non-cenducting alternately by the second drive signal, while the first drive signal keeps
the other switching element in the non-conducting state, In the second operational state,



first operational state. Wiile switching elenment S2 is non-

_ _ : _ _ 'ORé]'uui Ilé t-he
direct current flows in the circuit fornmed by | anp connecti ¢n RLAGEM NTI&iEET
| anp La, lanp connection termnal K5, coil L1, diode D1, and §WTchimg

~element S3. In the second operational state, swi tching el emgnt

and coil L1 function as a forward convertgr.

3 giodegdl

the second drive signal makes the other switching element conducting

conducting alternately, while the first switching element is kept in the non-conductifig
state by the first drive signal. The circuit acts as a forward converter in both these
operational conditions. The choice of a comparatively high value for the frequency of
the second drive signal in relation to the frequency of the first drive signal achieves that
the lamp current during the lamp run-up has the shape of a low-frequency commutated
direct current with a comparatively high-frequency, substantially triangular alternating
current superimposed thereon. The frequency of the low-frequency commutation of the
direct eurrent is equal to the frequericy of the first drive signal, and the frequency of the
comparatively high-frequency, substantially triangular alternating curzent is equal to the
requency of the second drive signal. The amplitude of the comparatively high-
frequency substantially triangular alternating current is comparatively small in relation
to the amplitude of the low-frequency commutated direct current. It was found that lamp ]
operation in the first and second operational state of the circuit arrangement leads to a
good take-over of the high-pressure discharge lamp after ignition. At the same time, a
comparatively high voltage drop is present across the inductive means in the load
branch B. The value of this voltage drop is determined substantially exclusively by the
amplitude of the high-frequency, substantially triangular alternating current. The
moment the voltage across the high-pressure discharge lamp increases during the run-up
of the high-pressure discharge lamp, the voltage drop across the inductive means
decreases correspondingly, because the amplitude of the comparatively high-frequency,
substantially triangular alternating current decreases. This leads to the possibility for the
DC voltage with which the DC-AC converter is supplied to remain substantially
constant during the run-up of the high-pressure discharge lamp, while nevertheless the
lamp voltage can continually change, so that a good control of the run-up of the high-
pressure discharge lamp is realised. After the run-up of the high-pressure discharge
lamp, the first drive signal renders each switching element of branch A alternately
conducting and non-conducting, whereby each switching element is rendered
consecutively conducting and non-conducting once within a time interval during which
the other switching element is non-conducting. This lamp operation corresponds to the
lamp operation mentioned in European Patent Application' 0408121 A2.

It be mentioned that patent application DE 3925654 Al discloses a circuit
arrangement as described in the opening paragraph. In this known circuit arrangement,



9 Wile the switching elenment S2 is conducting, the anplitude of the
direct current increases substantially linearly, whereas in tpge S
non- conducting state of switching el ement S2 the anplitude Of_WﬁFLQEEMENTflﬁﬁéT:;
current decreases substantially linearly. Since the circuit r ahgenen| Léi;;-'
brought into the first and into the second operational state jal eﬁgagghym
with the frequency of the first drive sigmpl during the |anmp Irun-ug and 98
frequency of the second drive signal is comsiderable higher th t-hat of
current through the | anp has the|shape of a

| 2\% ; Ir QZEe’%Hs“bewgﬁﬁhgggﬁldéﬂtﬁ%Féwmééﬁ%lmpq;aﬁvsmﬁnarmﬁam op Fheaplitude
with a condishaigeViemy aftedtud-Lgauency,
It also be mentioned that European Patent Application 0477587 Al
discloses a circuit arrangement for operating a discharge lamp comprising 2 pulse power
source that generates (also during stationary operation) a high frequency pulsatory
current through the discharge lamp. This high frequency pulsatory current is
commutated at a low frequency.

For certain applications it is desirable that the circuit arrangement is in
addition provided with a DC-DC converter coupled to the terminals K1 and K2. This
~ could be the case when the circuit arrangement is used for operating metal halide
" motorcar lamps in a motorcar. Since the buming voltage during stationary operation of
metal halide motorcar Jamps is in general higher than the voltage supplied by a battery
present in the motorcar, it is necessary to bring the DC voltage supplied by the battery
10 a higher value by means of a DC-DC converter. As was indicated above, the DC
voltage supplied by the DC-DC converter by which the DC-AC converter is supplied
" can be kept at a substantially constant value in a circuit arrangement according to the
invention not only during stationary lamp operation, but also during the run-up of the
lamp. This means that the configuration of the DC-DC converter can be comparatively
simple.

A preferred embodiment of a circuit arrangement according to the
invention is provided with means III for generating a signal Sil which is a measure for
the lamp current, means [V for generating a signal Si2 which is a measure for a desired
value of the lamp current, and means V for adjusting a duty cycle of the second drive
signal in dependence on the signals Sil and Si2. The signal Si2 may be either
substantially time-independent or time-dependent. In the latter case it is possible to
adjust the amplitude of the direct current through the high-pressure discharge lamp
substantially to an optimum instantaneous value through a suitable choice of the time-
dependence of the signal Si2. Since the current through the high-pressure discharge
lamp is controlled during the run-up, a further control of the run-up of the high-pressure
discharge lamp is realised in this preferred embodiment.



‘substantially triangular alternating current superinposed thereon.
The average val ue of the voltage across the resistor Illa ifs W@
{he current through the lanp La during the run-up of the | &W@ﬁ@?gﬂ%ﬂ
Sil which is.a nmeasure for the average value of the voltag Cross resisto
llla is present at the output of the integrator Ill1b. Circyitl podti'dh 1538
génerates a signal Si2 which is a nmeasureXor a desired valjug_of the
current through the lamp La. Circuit porfion V adjust the quty cycle of the
- second drive signal A furthep preferreiembodinemcoftthe ciztt atréngBine the |
current thr hthe | a La is ntlnually controlled at substantially the
desired va ‘F%elf‘g}e&‘\ddﬂ nmteﬁi‘% gieans V, and 13 characterized in

run-up of &lbebd B cotepir bR Wehndd 33/ e ¢ BRGERRConstant

the circuit arrangenent sw tthes over onary operation. The second
drive cir carrangementdis atsoi provided with meéaas VTIrfer adjosting tte iduty ojiclenefi thes no | onger

switching element of the DC-DC converter in dependence on the signal Sil and the

signal Si2, means VIII for generating a signal Si3 which is a measure for the potential
difference between terminal X1 and terminal K2, means IX for generating a signal Si4
which is a measure for a desired value of the potential difference between terminal X1
and terminal K2, and means VII for adjusting the duty cycle of the switching element of
the DC-DC converter in dependence on the signal Si3 and the signal Si4. The use of
this further preferred embodiment renders it possible to control the potential difference
between terminal K1 and terminal K2 at a substantially constant value with the means
VII during the run-up of the high-pressure discharge lamp in such a manner that the
voltage across the high- pressure discharge lamp can increase while at the same time the

Current through the high-pressure discharge lamp is controlied by means V. After the
cun-up of the high-pressure discharge lamp, during stationary lamp operation, the

voltage across the high-pressure discharge lamp is substantially constant and the lamp
current is controlled in that the means VT adjust the duty cycle of the switching element
S5 of the DC-DC converter in dependence on the signal Sil and on the signal Si2. A
further control of lamp operation is realised in this way.

Embodiments of the invention will be explained in more detail with
reference to a drawing, in which

Figure 1 shows an embodiment of a circuit arrangement according to the
invention. '
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generat ed and the first drive signal renders’ swi tching el ene

converter is operated as a conparatively Iowfrequency co
this stationary operation, circuit portion VI controls the g
the hi gh-frequency drive signal generated 6by circuit portior
dependence on the two signals Sil and Si 2—The current thro'gh the | anp La
during stationary operation is continually controlled to s ubrst-afrt-i-abty-the
desired value in thigg F‘{\% 1a%gm BC! 39%1%31{3 dﬁﬂ% aSvifenizg! I ent
source during statlona per a
elements S1 and S2, and dxodes D! and D2 which in this embodiment are the

unidirectional elements. Both the branch comprising coil L1, which forms the inductive
means in this embodiment, connection terminals K5 and K6 suitable for accommodating

a lamp, switching element S4 and diode D4, and the branch comprising coil L1,
connection terminals K5 and K6, switching element $3 and diode D3 can be regarded as
a load branch in this embodiment. The former branch forms load branch B and the
latter branch forms load branch B’. A high-pressure discharge lamp La, referred to as
the lamp La hereinafter, is connected to the connection terminals K5 and K6. The DC-
AC converter is formed by branch A, load branch B, switching element S3, diode D3,
first drive circuit I and second drive circuit II. Terminals K3 and K4 suitable for
connecting a DC voltage source, coil L2, diode D5, capacitor C1, switching element S5
and circuit portion VII together form a DC-DC converter. In additicn, the circuit
arrangement comprises resistor Ila, integrator IIlb and circuit portions IV, V, VI, VIII,
IX and X. In this embodiment, the resistor Illa and the integrator IIIb together form the
means [II, while the circuit portions IV, V, VI v, lX X form the means IV, V, VI,
V11, IX, X, respectively.
Terminal K3 is connected to terminal K4 by means of a series circuit of
coil L2, switching element S5 and resistor Ilfa. A common junction point of coil L2 and
) switching element SS is connected to an anode of diode DS. A cathode of diode D5 is
connected to a common junction point of switching element SS and resistor II1a and to
terminal K2 via capacitor C1. The cathode of diode DS is also connected to terminal
K1. Terminal K1 is connected to terminal K2 by means of a series circuit of switching
elements S1 and S2. A cathode of diode D1 is connected to terminal 1. An anode of the
diode D! and a cathode of diode D2 are connected to a common junction point of
switching elements S1 and S2. An anode of diode D2 is connected to terminal K2.
Switching element S2 is shunted by a series circuit of coil L1, lamp connection terminal
K5, lamp La, lamp connection terminal K6, and switching element S4. Terminal K1 is
connected to lamp connection terminal K6 by means of switching elements S3. An

anode of diode D3 is connected to lamp connection terminal K6. A cathode of diode D3
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is connected to terminal K1. An anode of diode D4 is connected to terminal K2. A
cathode of diode D4 is connected to lamp connection terminal K6. Gate electrodes of
switching elements S1, S2, S3 and S4 are connected to outputs of drive circuit [. The

gate electrodes of switching elements S1 and S2 are also connected to outputs of drive
circuits II. An output of drive circuit I is connected to an input of drive circuit II.
Inputs of integrator IIIb are connected to ends of resistor Illa. An output of integrator
IIIb is connected to an input of circuit portion V1. A further input of circuit portion VI
is connected to an output of circuit portion IV. An output of circuit portion VI is
Y connected to an input of circuit portion VII. An output of circuit portion VI is
connected to a gate electrode of switching element S5. The output of integrator IIIb is
also connected to an input of circuit portion V. A further input of circuit portion V is
connected to an output of circuit portion IV. An output or circuit portion V is connected
to an input of drive circuit I. An input of circuit portion VIII is connected to terminal
K1 and a further input of circuit portion VIII is connected to terminal K2. An output of
circuit portion VIII is connected to an input of circuit portion X. An output of circuit
portion IX is connected to a further input of circuit portion X. An output of circuit
portion X is connected to an input of circuit portion VII.
The operation of the circuit arrangement shown in Figure 1 is as follows.
When a DC voltage source is connected to terminals K3 and K4, the
s circuit portion VII generates 2 high-frequency drive signal. This renders the sx;zitching
element S5 alternately conducting and non-conducting, so that the DC voltage supplied
by the DC voltage source is converted into a higher DC voltage which is present
between terminals K1 and K2 and which serves as a supply voltage for the DC-AC

converter. During the run-up of the lamp, circuit portion X generates a signal Si4

which is a measure for a desired value of the voltage between terminals K1 and K2,
while circuit portion VIII generates a signal Si3 which is a measure for the value of the
voltage between terminals K1 and K2. The duty cycle of the switching element S5 is
adjusted by means of signal Si3 and signal Sid4 via circuit portions VI and X in such a
way that the voltage between terminals K1 and K2 is snibstantiauy equal to the desired
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whigh ps realised with means not shown in Figure 1, the first drive circuit I and the
second drive circuit II generate the first and second drive signals, respectively. The
frequency of the second drive signal is considerably higher than the frequency of the
first drive signal. The circuit arrangement is brought into two different operational
states by these drive signals, alternating with the frequency of the first drive signal. In
the first operational state, both switching element S2 and switching element S3 are non-
conducting. Switching element 84 is in the conducting state brought on by the first drive
signal, while switching element S1 is rendered alternately conducting and non-
conducting by the second drive signal. While the switching element S1 is conducting, a
direct current flows through the series circuit formed by terminal K1, switching element
S1, coil L1, lamp connection terminal KS, lamp La, lamp connection terminal K6,
switching element S4, and terminal K2. While the switching element S1 is non-
conducting, this direct current flows through the circuit formed by coil L1, lamp
connection terminal KS, lamp La, lamp connection terminal K6, switching element S4,
and diode D2. Switching element S1, coil L1, and diode D2 function as a forward
converter in this first operational state. While switching element S1 is conducting, the
amplitude of the direct current increases substantially linearly, whereas in the non-
conducting state of switching element S1 the amplitude of the direct current decreases
linearly. In the second operational state, switching elements S! and S4 are non-
conducting. Switching element S3 is in the conducting state brought on by the first drive
signal, while switching element is rendered alternately conducting and non-conducting
by the second drive signal. While switching element S2 is conducting, a direct current
flows through the series circuit formed by terminal K1, switching element S3, lamp
connection terminal K6, lamp La, lamp connection terminal KS, coil L1, switching
eleme.m 52, and terminal K2. This direct current flows through the lamp La in a
direction opposite to that of the direct current which flows through the lamp La in the
first 0?emdonal state. While switching element S2 is non-conducting, the direct current
flow.s in the circuit formed by lamp connection terminal K6, lamp La, lamp connection
terminal KS, coil L1, diode D1, and switching element S3. In the second operational
state, switching element S2, diode D1 and coil L1 function as a forward converter.
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circuit arrangement is brought into the first and into the second operational state
alternately with the frequency of the first drive signal during the lamp run-up and the
frequency of the second drive signal is considerable higher than that of the first drive
signal, the current through the lamp has the shape of a low-frequency commutated
direct current of substantially constant amplitude with a comparatively high-frequency,
substantially triangular alternating current superimposed thereon.

The average value of the voltage across the resistor IIla is 2 measure for
the current through the lamp La during the run-up of the lamp La. A signal Sil which
is a measure for the average value of the voltage across resistor IITa is present at the
output of the integrator IIIb. Circuit portion IV generates a signal Si2 which is a
measure for a desired value of the current through the lamp La. Circuit portion V
adjust the duty cycle of the second drive signal in dependence on these two signals Sil
and Si2. The current through the lamp La is continually controlled at substantially the
desired value during the run-up in this manner.

After the run-up of the lamp, when the voltage across the lamp has
become constant, the circuit arrangement switches over to stationary operation. The
second drive circuit is de-activated, so that the second drive signal is no longer
generated and the first drive signal renders switching elements S1 and S4 on the one
hand and switching elements S2 and S3 on the other hand conducting and non-
conducting in turn in such a way that the DC-AC converter is operated as a
comparatively low-frequency commutator. During this stationary operation, circuit
portion VI controls the duty cycle of the high-frequency drive signal generated by
circuit portion VII in dependence on the two signals Sil and Si2. The current through

the lamp La during stationary operation is continually controlled to substantially the
desired value in this way, and the DC-DC converter is used as a current source during

stationary lamp operation.
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 for adjusting & dutync e of the second drive signal in dependence on
the signals Sil1l and Si 2. CLAIMS e

1. A circuit arrangement for operating a discharge lamp, comprising a DC-

AC converter provided with

- a first branch (A) comprising a series circuit of two switching elements (S1, S2),
each switching element being shunted by a unidirectional element (D1, D2), while
ends of the first branch (A) are provided with terminals (K1 and K2) suitable for

connection to poles of a DC voltage source,

- a load branch (B) comprising inductive means (L1) and connection terminals (K5,
K6) suitable fc;r_a-ccommodating a lamp (LM), which load branch shunts one of the

s switching elements of the first branch (A),

- a first drive circuit (I) for generating a first drive signal during stationary lamp
operation for rendering each of the switching elements in the first branch (A)
alternately conducting and non-conducting, whereby each switching element is
rendered conducting and non-conducting once in succession within a time interval
during which the other switching element is non-conducting,

and

- a second drive circuit (Il) coupled to the first drive circuit (I) for generating a
second drive signal for rendering each of the switching elements alternately
conducting and non-conducting, whereby each switching element is rendered
consecutively conducting and non-conducting more than once within a time interval
during which the other switching element is kept in the non-conducting state by the
first drive signal,

characterized in that the circuit arrangement is provided with means for activating the

second drive circuit (IT) during run-up of the discharge lamp and deactivating the second

drive circuit (IT) after run-up of the discharge lamp.

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

circuit arrangement is in addition provided with a DC-DC converter coupled to the

terminals (K1 and K2).

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

the circuit arrangement is provided with means _(E)_ for generating a first signal (Sil)

which is a measure for the lamp current, means (IV) for generating a second signal (Si2)

%vhich is a measure for a desired value of the lamp current, and means _(V_Hor adjusting

a duty cycle of the second drive signal in dependence on the signals Sil and Si2.
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(S5), and in that the circuit arrangerrentui s also provided wWt:
for adjusting the duty cycle '

4, A circuit arrangement as claimed in Claim 3, characterized in that the
second signal (Si2) is time-dependent.

5. A circuit arrangement as claimed in Claims 2 and 3 or in Claims 2 and
4, characterized in that the DC-DC converter comprises a switching element (S5), and in
that the circuit arrangement is also provided with means (VI) for adjusting the duty cycle
of the switching element of the DC-DC converter in dependence on the first signal (Sil)
and the second signal (Si2), means (VIII) for generating a third signal (Si3) which is a
measure for the potential difference between the terminals (K1 and K2), means (IX) for

generating a fourth signal (Si4) which is a measure for a desired value of the potential
difference between the terminals (K1 and K2), and means (X) for adjusting the duty cycle
of the switching element of the DC-DC converter in dependence on the third signal (Si3)
and the fourth signal (Si4)

L



of the switching el ement of the DC-DC convetter in dependence on the first
signal (Sil) and the second signal (Si2), nmeans (VII1) for e,i...;E:fi“;i‘Ti"f:a”"""jj;—~-
third-signal (Si3) which is a neasure for the potenti al diffeﬁglté-’%&{%éHEhi
the termnals (KL and K2), neans (IX) for generating a fourtfh [signal” (St
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Circuit arrangement,

The invention relates to a circuit arrangement for operating a discharge
lamp, comprising a DC-AC converter provided with

- a branch A comprising a series circuit of two switching elements (S1,
S2), each switching element being shunted by a unidirectional element (D1, D2), while

S *ends of the branch A are provided with terminais K1 and K2 suitable for connection to
poles of a DC voltage source, '

- a load branch B comprising inductivé means (L1) and connection
terminals (K5, K6) suitable for accommodating a lamp, which load branch shunts one of
the switching elements of branch A,

- a first drive circuit I for generating a first drive signal during stationary
lamp operation for rendering each of the switching elements in branch A alternately
conducting and non-conducting, whereby each switching element is rendered conducting
and non-conducting once in succession within a time interval during which the other
switching element is non-conducting.

According to the invention, the circuit arrangement is in addition provided

S/ with

- a second drive circuit II coupled to the first drive circuit I for generating
a second drive signal for rendering each of the switching elements aliemately
conducting and non-conducting, whereby é.ch switching element is rendered
consecutively conducting and non-conducting more than once within a time interval
during which the other switching elerﬁent is kept in the non-conducting state by the first
drive signal.

It is achieved by this that a lamp 6pemt§d on the circuit arrangement has
good take-over characteristics, while at the same time the run-up of the lamp is well
controllable.

Figure 1.
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