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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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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-
over 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
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

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 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.

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
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



10

15

20

30

This Sheet Has Been Replaced

D

PHN 13.889 3 19.03.1992

e et ]
THIS SHEET HAS BEEN |

REPLACED i

et i

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 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 exclﬁsively 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.

For certain applications it is desirab.le 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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present in the motorcar, it is necessary to bring the DC voltage supplied by the battery
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
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 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 dischirge 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 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
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
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run-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 K2, 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 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
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
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,
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

h__—ﬁ_.._i
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connected to a common junction point of switching element S5 and resistor IIIa and to
terminal K2 via capacitor C1. The cathode of diode D3 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
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
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 gircuit I. The
gate electrodes of switching elements S1 and S2 are also connected to outputs of drive
ctreuits 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
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
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
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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converter. During the run-up of the lamp, circuit portion IX 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 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,
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 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
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
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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1. 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,

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
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 K! and X2.

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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second drive signal in dependence on the signals Sil and Si2.

4, A circuit arrangement as claimed in Claim 3, characterized in that the
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 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

‘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.



