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The invention relates to a circuit arrangement for igniting and operating a
discharge lamp, provided with
. input terminals for connection to a2 DC voitage source,

- a commutator coupled to the input terminals and provided with terminals for

connecting the discharge lamp, for commutating a current through the discharge

lamp, |
- a branch A which is conducting in both directions at least for alternating

current, of which branch a first end is connected to an input terminal and a

further end is connected to the commutator, and which branch comprises an

inductive element L shunted by a branch B which comprises a unidirectional

element,
- a branch C which connects a further input terminal to the commutator, and
- an ignition circuit for igniting the discharge lamp.

Such a circuit arrangement is known from published Netherlands Patent

Application 8901224. The circuit arrangement described therein is particularly suitable
for operating a high-pressure discharge lamp, referred to as lamp hereinafter. The
current through the lamp is low-frequency commutated during stationary lamp
operation. The lamp as a result has a luminous efficacy which is substantially equal to
the luminous efficacy obtained when the lamp is operated with a direct current, while
overheating of the electrodes in the lamp is avoided. The inductive element L serves as
a short-circuit protection: if there is a short-circuit in the commutator, the inductive
element L limits the current supplied by the DC voltage source. The unidirectional
element in branch B renders it possible for electromagnetic energy stored in the
inductive element L during a short-circuit to be dissipated in branch B, A disadvantage
of the known circuit arrangement is that the current flowing from the DC voltage source
through the lamp immediately after lamp ignition is comparatively weak. This
Mpmﬁﬁely weak current is a result of the fact that the unidirectional element is so
Connected that it cannot conduct part of the lamp current. The fuil lamp current flows
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hereinafter. The  Tyinvéntiont fasdon s object buer alia tooprovideciicinduit apanpehrhed
during stationary |anp
which achieves a good take-over of the lamp after famp ignition.
According to the invention, this object is achieved in that the
unidirectional element is so included in the branch B that the branch B conducts a
10 current at least immediately after ignition of the discharge lamp.
It was found that discharge lamps of the high-pressure discharge lamp
type operated on a circuit arrangement according to the invention show a very good
take-over behaviour.
It was also found to be advantageous that the branch B comprises an

15 impedance connected in series with the unidirectional element. Favourable results were

- ‘nput termnals for connection to a,bX Vol g€, -
a'co ator coupled to the input terminals a ﬁ‘Qﬁl h termnals for

obtained with embodiments of a circuit arrangement according to the invention in which
this impedance comprises an ohmic resistor.

Depending on the dimensioning of the circuit arrangement and the
properties of the lamp operated on the cxrcmt arrangement, it may be desirable to limit

20 the potential difference between branch A and branch C in that branch A and branch C
are connected by means of a branch Z which comprises voltage-limiting means.
) Preferably, these voltage-limiting means comprise a zener diode.

Embodiments of a circuit arrangement according to the invention will be
explained in more detail with reference to a drawing.

25 In the drawing, Fig. 1 is a diagram of an embodiment of a circuit
arrangement according to the invention.

In Fig. 1, K1 andKzaretenmnalsforconnecuontoaDCvoltage
source. COM is a commutator built up from four switching elements S1, $2, §3 and
$4. A load Lo comprising a lamp La and a starter circuit S coupled to the lamp La for

30 igniting the lamp is connected to the commutator COM. The coupling between La and §
© sindicated with a broken line in the Figure, Input terminal K1 is connected to a first
main electrode of switching element S1. This connection in the present embodiment
forms branch C. Branch A is formed by the connection between input terminal K1 and
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t he | anp cusf diode Dihkn fanbde ofidiode D iss¢unnédted\to a first side of resistor R. A further

side of resistor R is connected to a further side of coil L and to an anode of zener diode
Ze. A cathode of zener diode Ze is connected to input terminal K1. Zener diode Ze is
shunted by a series circuit of switching element S1 and switching element S2, and also

10 by a series circuit of switching element S3 and switching element S4. Control electrodes

of the switching elements S1 to S4 are connected to a control circuit (not shown) which
forms part of the commutator COM. Terminal K3 is connected to a common junction

point of switching element S1 and switching element S2, Terminal K4 is connected to a
common junction point of switching element S3 and switching element S4. Terminal K3

15 and terminal K4 are connected to respective ends of the lamp La.

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

When input terminals K1 and K2 are connected to a DC voltage source,
the starter circuit S generates an ignition voltage which is present between terminals
connected to the lamp electrodes. A discharge is generated in the lamp under the

20 influence of the ignition voltage. If the lamp is a high-pressure discharge lamp, lamp

operation subsequent to lamp ignition can be subdivided into three consecutive phases.

j During the first two phases, the voltage across the lamp rises from a comparatively low
value to a value corresponding to stationary lamp operation. At the same time, the
current through the lamp changes from a comparatively strong current to a current

25 corresponding to stationary lamp operation. Lamp operation is stationary in the third
phase. In the first phase, in which the take-over of the lamp takes place, immediately
after the ignition has been achieved, the impedance of the lamp is low and a
comparatively strong current flows through the lamp via the conducting switching
elements, ohmic resistor R, diode D and coil L during a comparatively short time

30 interval, The amplitude of this comparatively strong current is substantially fully
determined in a given lamp by the resistance value of the ohmic resistor R. The voltage
across the resistor R and the diode D governs the rate at which the current through the
coil L increases. This comparatively strong lamp current during the first phase of lamp

A
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5 thh an output capacitor connected between input terminals K1 and K2. In the beginning
of the first phase, the comparatively strong current is realised in that the capacitor
discharges itself through the lamp. During discharging of the capacitor the quantity of
current flowing through the coil L increases. When in a later stage of the first phase the
output capacitor has been partly discharged, the comparatively strong current through

10 the lamp may also be partly realised, depending on the dimensioning of the circuit, in
that the coil L carries part of this current and allows no comparatively fast changes in
this part of the current. During the second phase, which is also called the run-up of the
lamp, and which takes much longer than the first phase, a current flows through the
lamp which is considerably weaker than that during the first phase. The control circuit

15 renders switching elements S1 and S4 and switching elements S2 and S3, respectively,
alternately conducting and non-conducting. As a result, the commutator changes the
direction of the lamp current with low frequency in order to prevent overheating of the
lamp electrodes. During these commutations, however, the current through the lamp
becomes substantially zero, so that the lamp extinguishes and has to be re-ignited. Since

20 the temperature of the lamp is still comparatively low during the second phase of lamp
operation, the DC voltage supplied by the DC voltage source is insufficient for re-
igniting the lamp comparatively quickly. The coil L, however, carries a comparatively
large portion of the current through the lamp during the second phase of lamp
operation. As a result of this the coil L generates a voltage whenever the current

25 through the lamp is interrupted during a commutation owing to the fact that the lamp
does not re-ignite immediately. Thus the lamp can re-ignite at a re-ignition voltage
which is equal to the sum of the DC voltage supplied by the DC voltage source and the
voltage generated by the coil L. This comparatively high re-ignition voltage leads to a
comparatively quick re-ignition of the lamp during commutaﬁon;. In the third phaseg

30 i.e. stationary lamp operation, lamp temperature is such that the lamp re-ignites
substantially immediately at the DC voltage supplied by the DC voltage source. _

It has thus become possible by means of a circuit arrangement according
to the invention to send a comparatively strong current through a lamp operated on the
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in Fig. 1, a xenon high-pressure lamp with a power rating of appro:umately 35 W was

ignited by the starter circuit at a voltage of approximately 600 V. Immediately after
ignition the voltage across the lamp was approximately 20 V. During the first phase of
10 lamp operation, which lasts approximately 0.2 ms, a current pulse with an amplitude of
approximately 8 A flowed through the lamp. During the second phase, the amplitude of
) the current through the lamp dropped from approximately 2.6 A to approximately 0.4
A. During re-ignition of the lamp in the beginning of the second phase of lamp
operation, the DC voltage of approximately 40 V supplied by the DC voltage source
1S was augmented by voltage pulses generated by the coil L with an amplitude of
approximately 500 V The amplitude of the voltage pulses generated by the coil
decreased to substantially zero volts during the lamp run-up. Durng stationary
operation, the voltage across the lamp was approximately 85 V and the current through

the lamp approximately 0.4 A.
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ar r g nt according to the invention. In Fig. 1, K1 and K2
are’ term nals for connection to a DC voltage source. COMis a comut at or
bui bt up fromfour switching elenents S1, S2, S3 and S4. A load Lo

conprising a and a starter circuitgS coupled to the lanmp Ly
I gniting th@l’@ﬂ% 'S connected to the corm%t ator COM The coupling bdesf\i/\?e%

La and Sis indicated with a broken Iine in the Figure. Input termnal Kl
i s connect e§ldlB8 first min el ectrode of switchi ng el ement S1. This
connection in the present enbodiment fOrnma branch C. Branch A is forned by
t he connection between input termnal Kl and

3

1. A circuit arrangement for igniting and operating a discharge lamp,
provided with
- input terminals for connection to a DC voltage source,
- a commutator coupled to the input terminals and provided with terminals for
5 connecting the discharge lamp, for commutating a current through the discharge
lamp, ‘
- a branch A which is conducting in both directions at least for alternating
current, of which branch a first end is connected to an input terminal and a
further end is connected to the commutator, and which branch comprises an
10 inductive element L shunted by a branch B which comprises a unidirectional
element,
- a branch C which connects a further input terminal to the commutator, and
- an ignition circuit for igniting the discharge lamp,
characterized in that the unidirectional element is so included in the branch B that the
15 branch B conducts a current at least immediately after ignition of the discharge lamp.

2, A circuit arrangement as claimed in Claim 1, characterized in that the
branch B comprises an impedance connected in series with the unidirectional element.
3. A circuit arrangement as claimed in Claim 2, characterized in that the
impedance connected in series with the unidirectional element comprises an ohmic

- 20 resistor.
4, A circuit arrangement as claimed in any one or several of the preceding

Claims, characterized in that branch A and branch C are connected by means ofa

branch Z which comprises voltage-limiting means. .

5. A circuit arrangement as claimed in Claim 4, characterized in that the
25 voltage-limiting means comprise a zener diode.
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an |nduct|ve el ement which forns part of branch A A series circuit of
di'ode D and.ohnic resistor Rin this enbodi ment forms branch B which is |
part of brﬁﬁrgnlwﬁozener di ode Ze in this7enbodi ment fornms branchl@034994 at
the sane t voltage-limting neans conprised in branch Z. A first side of
coil L iswted to input termnal K2 and also to a cathode of diode D.
An anode lode D is connected to a first side of resistor R A further
side of reGreHtATAREETBYnnected to a further side of coil L and to an anode
of zener diode Ze. A cathode of zener diode Ze is connected to input
termnal Kl. Zener diode Ze is shunted by a series circuit of swtching

el enent S1 and switching elenment S2, and also by a series circuit of
switching elenent S3 and switching el ement S4. Control el ectrodes of the
switching elenments S1 to S4 are connected to a control circuit (not shown)

o' uncton' oy AMESRENT 2% Rl bt of JGHANE S Sty
Ter m nal Idkchargedmpc(l.a)j provxdeatmﬁnn j unction point of switching el enent S3
and switching el %rrent inals &{ ?2296}01' connection to a DC voltage source,
- a commutator (COM) coupled to the input terminals and provided with
5 terminals (K3,K4) for connecting the discharge lamp (La), for commutating a
current through the discharge lamp (La),
- a branch A which is conducting in both directions at least for alternating
current, of which branch a first end is connected to an input terminal (K2) and
a further end is connected to the commutator (COM), and which branch
10 comprises an inductive element L shunted by a branch B which comprises a
unidirectional element (D),
- a branch C which connects a further input terminal to the commutator (COM),
and
- an ignition circuit (S) for igniting the discharge lamp.

15 According to the invention, the unidirectional element (D)is so included in
the branch B that the branch B conducts a current at least immediately after ignition of
the discharge lamp (La). It is achieved thereby that a lamp operated by means of the
circuit arrangement has good take-over properties.

a,glln el ectrode of switching element S2. Coil L in this enbodi nent forms%

20 Fig. 1.

This Sheet Has B

M



and’terninal K4 are connected to respective ends of the |anp La. 8’
Thejoperation of the circuit arrangenent shown in Fig. 1 is as follows.
“input termnals KL and K2 are connected to a DC vol tage source, the —

inals connected to the lanp el ectrodes. A discharge is generated in the
under the influence of the ignitidh{ﬂoltage. If the lanp is a

hi gh- pressure di scharge | anp, |anp operation subsequent to lanp ignition
can be subdivided into three consecutive phases. During the first two
phases, the voltage across the lanp rises froma conparatively lI'ow value to
a Val ue corresponding to stationary |lanp operation. At the sane tinme, the
current through the Ianmp changes froma conparatively strong current to a
current corresponding to stationary |anp operation. Lanp operation is
sttionary in the third phase. In the first phase, in which the take-over
of :the | anp -takes place, immediately after the ignition has been achieved,
thé i npedance of the lanp is |low and a conparatively strong current flows

t hrough the lanp via the conducting switching el enents, ohmic resistor R,
diode D and coil L during a conparatively short tine
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The invention relates to a circuit arrangement for igniting and operating a
discharge lamp, provided with
input terminals for connection to a DC voltage source,
a commutator coupled to the input terminals and provided with terminals for

5 connecting the discharge lamp, for cdmmutating a current through the discharge
lamp,
- a branch A which is conducting in both directions at least for alternating
current, of which branch a first end is connected to an input terminal and a
_ further end is connected to the commutator, and which branch comprises an
10 inductive element L shunted by a branch B which comprises a unidirectional
element,
- a branch C which connects a further input terminal to the commutator, and
- an ignition circuit for igniting the discharge lamp.
Such a circuit arrangement is known from published Netherlands Patent
15 Application 8901224, The circuit arrangement described therein is particularly suitable
for operating a high-pressure discharge lamp, referred to as lamp hereinafter. The
current through the lamp is low-frequency commutated during stationary lamp
operation. The lamp as a result has a luminous efficacy which is substantially equal to
the luminous efficacy obtained when the lamp is operated with a direct current, while
20 overheating of the electrodes in the lamp is avoided. The inductive element L serves as
a short-circuit protection: if there is a short-circuit in the commutator, the inductive
element L limits the current supplied by the DC voltage source. The unidirectional
¢lement in branch B renders it possible for electromagnetic energy stored in the
inductive element L during a sﬁort-circuit to be dissipated in branch B. A disadvantage
25 of the known circuit arrangement is that the current flowing from the DC voltage source
through the lamp immediately after lamp ignition is comparatively weak. This
comparatively weak current is a result of the fact that the unidirectional element is so
connected that it cannot conduct part of the lamp current. The full lamp current flows
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unidirectional element is so included in the branch B that the branch B conducts a
. current at least immediately after ignition of the discharge lamp.
1t was found that discharge lamps of the high-pressure discharge lamp
type operated on a circuit arrangement according to the invention show a very good
- take-over behaviour.
It was also found to be advantageous that the branch B comprises an
 impedance connected in series with the unidirectional element. Favourable results were
obtained with embodiments of a circuit arrangement according to the invention in which
this impedance comprises an ohmic resistor.

Depending on the dimensioning of the circuit arrangement and the
properties of the lamp operated on the cxrcuxt arrangement, it may be desirable to limit
the potential difference between branch A and branch C in that branch A and branch C
are connected by means of a branch Z which comprises voltage-limiting means.
Preferably, these voltage-limiting means comprise a zener diode.

Embodiments of a circuit arrangement according to the invention will be
explained in more detail with reference to a drawing.

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

In Fig. 1, K1 and K2 are terminals for connection to a DC voltage

. Source. COM is a commutator built up from four switching elements S1, S2, S3 and

- $4. A load Lo comprising a lamp La and a starter circuit S coupled to the lamp La for
igniting the lamp is connected to the commutator COM. The coupling between La and S
is indicated with a broken line in the Figure. Input terminal K1 is connected to a first
main electrode of switching element S1. This connection in the present embodiment
forms branch C. Branch A is formed by the connection between input terminal K1 and
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strong curr ent through a | anp operated on the
shunted by a series circuit of switching element S1 and switching element S2, and also
by a series circuit of switching element S3 and switching element S4. Control electrodes
.of the switching elements S1 to S4 are connected to a control circuit (not shown) which
forms part of the commutator COM. Terminal K3 is connected to a common junction
jpoint of switching element S1 and switching element S2. Terminal K4 is connected to 2
‘common junction point of switching element S3 and switching element S4. Terminal K3

.and terminal K4 are connected to respective ends of the lamp La.

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

When input terminals K1 and K2 are connected to 2 DC voltage source,
the starter circuit S generates an ignition voltage which is present between terminals
connected to the lamp electrodes. A discharge is generated in the lamp under the
influence of the ignition voltage. If the lamp is a high-pressure discharge lamp, lamp
operation subsequent to lamp ignition can be subdivided into three consecutive phases.
During the first two phases, the voltage across the lamp rises from a comparatively low
value to a value corresponding to stationary lamp operation. At the same time, the
current through the lamp changes from a2 comparatively strong current to a current
corresponding to stationary lamp operation. Lamp operation is stationary in the third
phase. In the first phase, in which the take-over of the lamp takes place, immediately
after the ignition has been achieved, the impedance of the lamp is low and a
comparatively strong current flows through the lamp vig the conducting switching
elements, ohmic resistor R, diode D and coil L during a comparatively short time
interval, The amplitude of this comparatively strong current is substantially fully
determined in a given lamp by the resistance value of the ohmic resistor R. The voltage
across the resistor R and the diode D governs the rate at which the current through the
Coil L increases. This comparatively strong lamp current during the first phase of lamp
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jgnition and then rises gradually. To be able to supply the comparatively strong lamp

SO possible

current during the first phase, the DC voltage source may be provided, for example,
with an output capacitor connected between input terminals K1 and K2. In the beginning
of the first phase, the comparatively strong current is realised in that the capacitor
discharges itself through the lamp. During discharging of the capacitor the quantity of
current flowing through the coil L increases. When in a later stage of the first phase the
output capacitor has been partly discharged, the comparatively strong current through
the lamp may also be partly realised, depending on the dimensioning of the circuit, in
that the coil L carries part of this current and allows no comparatively fast changes in
this part of the current. During the second phase, which is also called the run-up of the
lamp, and which takes much longer than the first phase, a current flows through the
lamp which is considerably weaker than that during the first phase. The control circuit
renders switching elements S1 and S4 and switching elements S2 and S3, respectively,
ternately conducting and non-conducting. As a result, the commutator changes the
ion of the lamp current with low frequency in order to prevent overheating of the
lamp electrodes. During these commutations, however, the current through the lamp
t:comes substantially zero, so that the lamp extinguishes and has to be re-ignited. Since
the temperature of the lamp is still comparatively low during the second phase of lamp
operation, the DC voltage supplied by the DC voltage source is insufficient for re-
igniting the lamp comparatively quickly. The coil L, however, carries a comparatively
large portion of the current through the lamp during the second phase of lamp
operation. As a result of this the coil L generates a voltage whenever the current
through the lamp is interrupted during a commutation owing to the fact that the lamp
does not re-ignite immediately. Thus the lamp can re-ignite at a re-ignition voltage
which is equal to the sum of the DC voltage supplied by the DC voltage source and the
voltage generated by the coil L. This comparatively high re-ignition voltage leads to a
comparatively quick re-ignition of the lamp during commutations. In the third phase,
i.e. stationary lamp operation, lamp temperature is such that the' lamp re-ignites
substantially immediately at the DC voltage supplied by the DC voltage source.
It has thus become possible by means of a circuit arrangement according
to the invention to send a comparatively strong current through a lamp operated on the
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With the use of a practical embodiment of a circuit arrangement as shown

in Fig. 1, a xenon high-pressure lamp with a power rating of approximately 35 W was
jgnited by the starter circuit at a voltage of approximately 600 V. Immediately after
jgnition the voltage across the lamp was approximately 20 V. During the first phase of
lamp operation, which lasts approximately 0.2 ms, a current pulse with an amplitude of
approximately 8 A flowed through the lamp. During the second phase, the amplitude of
the current through the lamp dropped from approximately 2.6 A to approximately 0.4
A. During re-ignition of the lamp in the beginning of the second phase of lamp
operation, the DC voltage of approximately 40 V supplied by the DC voltage source
was augmented by voltage pulses generated by the coil L with an amplitude of
approximately 500 V The amplitude of the voltage pulses generated by the coil
decreased to substantially zero volts during the lamp run-up. Durng stationary
operation, the voltage across the lamp was approximately 85 V and the current through
the lamp approximately 0.4 A.
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1. A circuit arrangement for igniting and operating a discharge lamp,
provided with

input terminals for connection to a DC voltage source,
a commutator coupled to the input terminals and provided with terminals for
connecting the discharge lamp, for commutating a current through the discharge
lamp,
a branch A which is conducting in both directions at least for alternating
current, of which branch a first end is connected to an input terminal and a
further end is connected to the commutator, and which branch comprises an
inductive element L shunted by a branch B which comprises a unidirectional
element,
a branch C which connects a further input terminal to the commutator, and
an ignition circuit for igniting the discharge lamp,
characterized in that the unidirectional element is so included in the branch B that the
branch B conducts a current at least immediately after ignition of the discharge lamp.

2, A circuit arrangement as claimed in Claim 1, characterized in that the
branch B comprises an impedance connected in series with the unidirectional element.
3, A circuit arrangement as claimed in Claim 2, characterized in that the
impedance connected in series with the unidirectional element comprises an ohmic
resistor.

4, A circuit arrangement as claimed in any one or several of the preceding

Claims, characterized in that branch A and branch C are connected by means of a
branch Z which comprises voltage-limiting means. :

5. A circuit arrangement as claimed in Claim 4, characterized in that the
voltage-limiting means comprise a zener diode.



I mput termnals for connection to a DC vol tage source, a conmut at or
coupled to the input termnals and provided wsth termnals for :
connecting the discharge | anp, for com‘rut@nl ng a.current through the

di schar ge | anp, a branch A Which i{RrppRg an_bth
directions at least for alternating curr ¢nt : hbHFE]’ih a first
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a branch C which connects a further input termjnal eormlt at or, and
an ignition circuit for igniting the discharge %a characterized in that

the unidirectional element is so included in the branch e branch B
conducts a current at |east imediately after ignition of. the di schar ge
| anp. 2. A circuit arrangenent as clainmed in Caiml1,

characterized in thaThé heetticmadates RPaRircEe arrangemene donipaitigrciReating a
series with the unidirectional el errent
discharge lamp (La), provided w
input terminals (K1,K2) for connection to a DC voltage source,
a commutator (COM) coupled to the input terminals and provided with
terminals (K3,K4) for connecting the discharge lamp (La), for commutating a
current through the discharge lamp (La),
- a branch A which is conducting in both directions at least for aiternating
current, of which branch a first end is connected to an input terminal (K2) and
a further end is connected to the commutétor (COM), and which branch
comprises an inductive element L shunted by a branch B which comprises a
unidirectional element (D),
a branch C which connects a further input terminal to the commutator (COM),
and
an ignition circuit (S) for igniting the discharge lamp.

According to the invention, the unidirectional element (D)is so included in
the branch B that the branch B conducts a current at least immediately after ignition of
the discharge lamp (La). It is achieved thereby that a lamp operated by means of the
circuit arrangement has good take-over properties.

Fig, 1.



3. A circuit arrangenent as clainmed in Caim2, characterized in
that the |rrpedance connected in series wth the unidi rectlonal el enent
conprises an ohmc resistor. 4. A circuit arrangenent as clained
in any one or several of the preceding Cains, characterized in that branch
A and branch C are connected by neans pof a branch -
voltage-limting neans. 5. Afplrcwt
Claim4, characterized in that the voltage-limti
di ode.
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