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The invention relates to a circuit arrangement for preheating electrodes of 

a discharge lamp connected in series with a ballast by means of a supply voltage of 

alternating polarity, comprising 

- a branch A for connection to the electrodes of the discharge lamp, which 

· 5 branch A comprises a switching element, 

- a control circuit coupled to a control electrode of the switching element 

for generating a control signal to render the switching element conducting during 

preheating in each cycle of the supply voltage, 

- a circuit portion I coupled to the control circuit for influencing the 

10 control signal in dependence on whether the ballast is inductive or capacitive. 

Such a circuit arrangement is known from Netherlands Patent Application 

159853 laid open to public inspection. In the known circuit .arrangement, the circuit 

portion I comprises a branch which includes a transistor. The control signal is 

influenced in that this transistor becomes conducting exclusively if the ballast is 

15 capacitive. It is realised by means of this branch that instability in the operation of the 

circuit arrangement in the case of a capacitive ballast is avoided. The known circuit 

arrangement can accordingly be used in combination with both inductive ballasts and 

capacitive ballasts. A disadvantage of the known circuit arrangement, however, is that 

the effective value of the current through branch A, with which the lamp electrodes are 

20 preheated, is compamtively low. The result of this is that it takes a comparatively long 

time before the electrodes of the discharge lamp have reached a temperature at which a 

sufficient emission of electrons occurs for igniting the discharge lamp at the given 

ignition voltage. This comparatively long preheating time is felt to be inconvenient by 

users. 

25 The invention has for its object to provide a circuit arrangement with 

which the electrodes of a discharge lamp can be preheated in a comparatively short 

time, both when the ballast connected in series with the discharge lamp is inductive. and 

when this ballast is capacitive. 
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According to the invention, a circuit arrangement as described in the 

opening paragraph is for this purpose characteri7.ed in that the circuit portion I 

comprises a circuit portion II for adjusting both the phase and the frequency of the 

control signal. The phase of the control signal is here understood to mean the time 

5 
interval between the moment at which the control signal renders the switching element 

conducting and an immediately preceding polarity change of the supply voltage. It is 

possible through a suitable choice of the phase and frequency of the control signal to 

cause the preheating current through the electrodes of the discharge lamp to be greater 

than the short-circuit current both with the use of an inductive ballast and with the use 

IO of a capacitive ballast. The short-circuit current is here understood to mean the current 

which would flow through the lamp electrodes if the switching element were 

continuously conducting. It was found to be possible by means of a circuit arrangement 

according to the invention to preheat the electrodes of a discharge lamp comparatively 

quickly, even when the amplitude of the supply voltage is comparatively low. 

15 It was also found that a comparatively high preheating current can be 

realised when the frequency of the control signal, in the case of an inductive ballast, is 

equal to the frequency of the supply voltage and, in the case of a capacitive ballast, is 

equal to twice the frequency of the supply voltage. 

It can be realised through a suitable choice of phase and frequency of the 

20 control signal that the effective value of the current flowing through the electrodes of 

the discharge lamp during preheating is substantially independent of whether the· ballast 

is inductive or capacitive. It is achieved thereby that a discharge lamp in series with an 

inductive ballast can be ignited after a same time interval as. a discharge lamp in series 

with a capacitive ballast. In other words, the circuit arrangement requires no adaptations 

25 depending on whether the ballast is inductive or capacitive. 

An advantageous embodiment of a circuit arrangement according to the 

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

generating a first current pulse by making the switching element conducting before 

preheating, and means for adjusting the phase and frequency of the control signal in 

30 dependence on the amplitude of the first current pulse. In such a circuit arrangement, it 

is ascertained in a comparatively simple and also quiet way, substantially immediately 

after switching-on of the supply voltage, whether the ballast in series with the discharge 

lamp is capacitive or inductive, and the phase and frequency of the control signal are 
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djusted accordingly. 
a It was found that the circuj.t arrangement according to the invention can be 

eal
. ed in a comparatively simple manner when the branch A comprises a diode bridge. 

r lS 

It was also found to be advantageous when the branch A comprises a 

5 
current sensor which forms part of the circuit portion I. 

In proportion as a nominal power consumed by a discharge lamp 

decreases, the impedance of the ballast used in combination with the discharge lamp 

increases. It may be desirable to adjust the phase of the control signal for realising the 

same effective value of the preheating current through the electrodes of the discharge 

1 o lamp by means of the same circuit arrangement for discharge lamps of differing 

nominal power ratings, in spite of this increase in impedance. This adjustment can be 

realised in a simple manner when the circuit arrangement II for adjusting the phase of 

the control signal comprises an adjustable timer circuit, i.e. in that the timer circuit is 

set. Thanks to the possibility of adapting the phase of the control signal, the circuit 

15 arrangement is suitable for the use in combination with discharge lamps of widely 

differing power ratings. An adjustable timer circuit may be realised in a comparatively 

simple and inexpensive manner through the use of an oscillator with adjustable 

frequency. 

Embodiments of the invention will be explained with reference to a 

20 drawing. 

In the drawing,. Fig. l is a diagram of the construction of an embodiment 

of a circuit arrangement according to the invention, coupled to a discharge lamp and a 

ballast; 

Fig. 2 shows a portion of the circuit arrangement shown in Fig. 1 in more 

25 detail; and 

Fig. 3 shows the waveforms of the preheating current generated by the 

circuit arrangement shown in Fig. l, both when an inductive ballast is used and when a 

capacitive ballast is used. 

In Fig. 1, diode bridge B, circuit portion I, control circuit SC and 

30 switching element S form a circuit arrangement for preheating and igniting a discharge 

lamp connected in series with a ballast by means of a supply voltage of alternating 

polarity. La is a discharge lamp provided with electrodes Ell and E12 coupled to the 

circuit arrangement. Capacitor C and coil L together form a capacitive ballast VSA and 
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Kl and K2 are terminals for connection to the supply voltage. The circuit arrangement 

also comprises means (not shown) for generating an ignition pulse after preheating of 

the electrodes of the lamp La. Diode bridge B, switching element S and ohmic resistor 

R form a branch A. SC is a control circuit for generating a control signal for rendering 

5 the switching element S conducting during preheating in each cyle of the supply voltage. 

Circuit portion I is coupled to the control circuit for influencing the control signal in 

dependence on whether the ballast used for the lamp is inductive or capacitive. Circuit 

portion I comprises for this purpose a circuit portion II for adjusting both the phase and 

the frequency of a control signal generated by the control circuit. In addition, the circuit 

10 portion I comprises a circuit portion m for detecting polarity changes of the supPly 

voltage and a circuit portion IV for detecting whether the ballast connected in series 

with the discharge lamp I.a is capacitive or inductive. The construction of the circuit 

shown in Fig. 1 is as follows. Terminal Kl is connected to a first end of electrode Ell 

via a series circuit of capacitor C and coil L. Tenninal K2 is connected to a first end of 

15 electrode El2. A further end of electrode Ell is connected to a first input of diode 

bridge B and a further end of electrode E12 is connected to a further input of diode 

bridge B. A first output terminal of diode bridge Bis connected to a further output of 

diode bridge B via a series circuit of ohmic resistor R and switching element S. A 

common junction point of ohmic resistor R and switching element S is connected to an 

20 input of circuit portion IV •. Circuit portion IV is coupled to circuit portion II. This 

coupling is indicated in Fig. 1 with a broken line. An input of circuit portion m is 
connected to an output of diode bridge B. An output of circuit portion m is connected 

to an input of circuit portion II. An output of circuit portion II is connected to an input 

of the control circuit SC and an output of control circuit SC is connected to a control 

25 electrode of the switching element S. 

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

Immediately after a supply voltage of alternating polarity has been 

connected, the means II set the phase of the control signal for a first value. The 

switching element S is rendered conducting once at this first value of the phase. This 

30 first value is so chosen that the amplitude of the current pulse flowing through the 

electrodes of the lamp and the ohmic resistor R as a result of the switching element S 

b~ming conducting is considera~ly higher when the ballast is inductive than when the 

ballast is capacitive. Immediately after the switching element S has been made 
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conducting for the first time, the means II adjust the phase and frequency of the control 

. signal to values suitable for a capacitive ballast. The circuit portion IV detects the 

amplitude of the first current pulse through the ohmic resistor R. If the ballast is 

capacitive, the first current pulse has a comparatively great amplitude and it is not 

5 necessary to change the control signal. If the ballast is inductive, however, the 

amplitude of the first current pulse is comparatively small. This comparatively small 

amplitude is detected by the circuit portion IV and it is achieved by means of a signal 

through the output of circuit portion IV that the circuit portion II adjusts the phase and 

frequency of the control signal to values suitable for an inductive ballast. With this new 

10 adjustment of phase and frequency of the control signal, the preheating current for use 

with an inductive ballast has a comparatively great amplitude. It is conceivable that, 

owing to a defect in circuit portion IV and/or circuit portion II, the phase and frequency 

of the control signal are not set for values suitable for an inductive ballast while the 

ballast is indeed inductive. In this case the preheating current will have a comparatively 

15 low effective value because the switching element S is made conducting by means of a 

control signal whose phase and frequency are set for values suitable for a capacitive 

ballast, whereas in fact the ballast is inductive. If the means II were to set the phase and 

frequency of the control signal for values suitable for an inductive ballast immediately 

after the switching element S was made conducting for the first time, then a defect in 

20 circuit portion IV and/or circuit portion II could cause a very high preheating current 

whereby, for example, the operational life of the circuit arrangement and/or the 

discharge lamp could be adversely affected. This very high preheating current occurs 

when the switching element S is made conducting by means of a control signal whose 

phase and frequency are set for values suitable for an inductive ballast whereas in fact 

25 the ballast is a capacitive one. The occurrence of such high preheating currents can be 

prevented, also in the case of a defect in circuit portion IV and/or.circuit portion.IT, in 

that the phase and frequency of the control signal are set for values suitable for a 

capacitive ballast, as described above, immediately after the switching element S has 

been made conducting for the first time. 

30 The control signal subsequently makes the switching element S conducting 

in each cycle of the supply voltage during preheating. As a result of the conducting state 

of the switching element S caused by the control signal, a preheating current flows 

thrQugh the electrodes Ell and Bl2 of the discharge lamp La. Whenever the amplitude 
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of this preheating current becomes substantially equal to zero, the switching element S 

becomes non-conducting. Circuit portion m generates a square-wave signal during 

preheating which changes from high to low or from low to high at a zero passage of the 

supply voltage. This square-wave signal is used for resetting a timer circuit which is not 

5 shown in Fig. 1. It is possible to control the phase of the control signal through this 

timer circuit. 

Fig. 2 shows the circuit portions II, m and IV in more detail. In Fig. 2, 

Opl, Op2 and Op3 designate operational amplifiers, Sl and 52 are switching elements 

and FF is a bistable multi.vibrator. Vis an oscillator and VI is a counter for counting 

10 the number of oscillations of the oscillator V. VII is a digital-analog converter. 

Oscillator V, counter VI and digital-analog converter VII together form a timer circuit. 

VIII and IX are reference voltage sources. Circuit portion II in this embodiment is 

formed by oscillator V, counter VI, digital-analog converter VII, reference voltage 

source VIII, operational amplifier Qp2, bistable multi.vibrator FF, and switching 

15 elements Sl and S2. Circuit portion mis formed by operational amplifier Op3, and 

circuit portion IV by operational amplifier Op 1, reference voltage source IX and ohmic 

resistor R. The construction of the circuit portion shown in Fig. 2 is as follows. 

Respective inputs of operational amplifier Op3 are coupled to respective poles of the 

supply voltage source. An output of operational amplifier Op3 is connected to a first 

20 main electrode of switching element Sl. A second main electrode of switching element 

S 1 is connected to a first input of circuit portion VI. A third main electrode of the 

switching element Sl is connected to an input of bistable multi.vibrator FF. An output of 

bistable multi.vibrator FF is connected to the first input of circuit portion VI. An output 

of circuit portion V is connected to a further input of circuit portion VI. An output of 

25 circuit portion VI is connected to an input of circuit portion vn. An output of circuit 

portion vn is connected to a first input of operational amplifier Op2. An output of 

operational amplifier Op2 is connected to an input of the control circuit SC. The output 

of operational amplifier Op2 is also coupled to a control electrode of switching element 

S2. This coupling is indicated in Fig. 2 with a broken line. A further input of 

30 operational amplifier Op2 is connected to a main electrode of switching element S2. A 

first output of circuit portion VIII is connected to a second main electrode of switching 

element S2. A second output of circuit portion vm is connected to a third main 

electrode of the switching element S2. A third output of circuit portion vm is 
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ted to a fourth main electrode of switching element S2. An output of reference 

~onnec source DC is connected to a first input of operational amplifier Opl. A second 

.. -olrage al lifi Opl · led th · R · th · P · d' ed 
f operation amp er 1s coup to e resistor via e point in 1cat 

· put o 111 
• 1 An output of operational amplifier Opl is coupled to a control electrode of 

in fig. . 
. bing element Sl and to a control electrode of switching element S2. These 

~ 5w1tc 
1: .. gs are indicated in Fig. 2 with broken lines. 

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

When a supply voltage of alternating polarity is present between the 

terminals Kl and K2 shown in Fig. 1, the voltage present at the output of operational 

10 
amplifier Op3 changes from low to high or from high to low at each polarity change of 

the supply voltage. Immediately after switching-on of the supply voltage, the switching 

element S 1 is in a first state in which it connects the output of operational amplifier Op3 

directly to the first input of counter VI. Thus a signal is present at the first input of 

counter VI whose frequency is equal to the frequency of the supply voltage. The 

15 counter VI is reset at each rising or falling edge of the signal present at the first input 

of counter VI. The counter comprises a digital memory in which a number is present 

which is equal to the number of oscillations of the oscillator V since the latest reset. 

This number is converted in the digital-analog converter VII into an analog signal which 

is applied to the first input of operational amplifier Op2 and which is a measure for the 

20 time interval which bu elapsed since the polarity change of the supply voltage which 

coincided in time substantially with resetting of the counter VI. Immediately after 

switching-on of the circuit arrangement, the switching element S2 is in a first state in 

which it connects the fint output of reference voltage source VIII to the further input of 

operational amplifier Op2. As a result, a fint reference voltage which is a measure for 

25 a desired value of the phase of the control signal is applied to the further input of 

operational amplifier Op2. This desired value corresponds to the said first value of the 

phase of the control signal immediately after switching-on of the circuit arrangement. 

Switching element S is made conducting in that the voltage present at the output of 

operational .amplifier Op2 changes from low to high when the analog signal at the first 

30 input of operational amplifier Op2 becomes equal to the reference voltage applied to the 

further input. This change in the voltage present at the output of operational amplifier 

Op2 is converted by the control circuit SC into a signal with which the switching 

element S is made conducting. The switching element S2 is brought into a second state 
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bY the change of the output voltage of operational amplifier Op2 via the coupling 

between switching element S2 and the output of operational amplifier Op2. In the 

second state, the second output of reference voltage source vm is connected to the 

further input of operational amplifier Op2, so that a second reference voltage is present 

5 at this further input. The second reference voltage is so chosen that a preheating current 

with a comparatively great amplitude is obtained with the use of a capacitive ballast. 

The coupling between the output of operational amplifier Op2 and switching element S2 

is such that exclusively the first change in the output voltage of operational amplifier 

Op2 causes a change in the state of switching element S2. Since switching element S 1 is 

10 in the first state, the frequency of the signal applied to the first input of counter VI is 

equal to the frequency of the supply voltage. The result is that the counter VI is reset 

twice every cycle of the supply voltage, so that also the switching element Sis made 

conducting twice every cycle of the supply voltage. If the ballast is capacitive, the 

amplitude of the voltage pulse generated by the first current pulse across the resistor R 

15 is lower than the reference voltage generated by reference voltage source IX. As a 

result, the voltage present at the output of operational amplifier Opl is comparatively 

low, so that the switching elements S 1 and S2 are kept in their first and second state, 

respectively. If the ballast used is an inductive one, however, the amplitude of the 

voltage pulse generated by the first current pulse across the resistor R is higher than the 

20 reference voltage generated by the reference voltage source IX, so that the voltage at 

the output of operational amplifier Opl is comparatively high. This comparatively high 

value is used as a signal for bringing the switching elements S 1 and S2 into a second 

and third state, respectively, via the connections between the output of operational 

amplifier Opland the control electrodes of said switching elements. In the second state, 

:s switching element S 1 connects the output of operational amplifier Op3 to the first input 

of counter VI via bistable multivibrator FF. A signal is present at the first input of 

counter VI as a result of this, whose frequency is only half the frequency of the supply 

voltage. The result is that the counter VI is reset only once every supply voltage cycle, 

and the switching element S is made conducting only once every supply voltage cycle. 

30 The switching element S2 in its third state connects the third output of reference voltage 

source VIII to the further input of operational amplifier Op2. A third reference voltage 

offered at the third output of reference voltage source VIII is so chosen that a 

preheating current with a comparatively great amplitude is obtained for the use of an 
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inductive ballast. 

The phase of the control signal can be changed in that the second and 

third reference voltages, generated by the reference voltage source VIII, are changed. 

Depending on the construction of the oscillator and the reference voltage source VIII, 

5 however, it is often simpler in practice to change the frequency of the oscillator V. 

Fig. 3a shows the waveform of the supply voltage Vi and of the 

preheating current Ii generated by the circuit arrangement shown in Fig. 1 as a function 

of time when the ballast used is an inductive one. A pulsatory preheating current with a 

comparatively high effective value is realised in that the switching element S is made 

10 conducting once in every cycle of the supply voltage Vi at the phase of VI shown. Fig. 

3b shows the waveform of the supply voltage Vi and of the preheating current Ic 

generated by the circuit arrangement shown in Fig. 1 as a function of time when a 

capacitive ballast is used. The switching element S is made conducting twice in every 

cycle of the supply voltage Vi. The preheating current is pulsatory also with the use of 

15 a capacitive ballast and has a comparatively high effective value. In this latter case, 

there are two current pulses in each cycle of the supply voltage Vi. 

Using a sinusoidal supply voltage with a frequency of 50 Hz, a discharge 

lamp with a power rating of 40 W and a practical embodiment of a circuit arrangement 

according to the invention as shown in figs. 1 and 2, it was found to be possible, both 

20 with the use of an inductive ballast and with the use of a capacitive ballast, to preheat 

the electrodes of the discharge lamp within one second, also when the effective value of 

the supply voltage was 1095 lower than the most common value of 220 V. It was also 

found that the same favourable performance could be realised with the same circuit 

arrangement for discharge lamps having power ratings from 40 to 80 W by adjusting 

25 the oscillator frequency in dependence on the lamp's power rating • 
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1. A circuit arrangement for preheating electrodes of a discharge lamp 

connected in series with a ballast by means of a supply voltage of alternating polarity, 

comprising 

- a branch A for connection to the electrodes of the discharge lamp, which 

5 branch A comprises a switching element, 

- a control circuit coupled to a control electrode of the switching element 

for generating a control signal to render the switching element conducting during 

preheating in each cycle of the supply voltage, 

- a circuit portion I coupled to the control circuit for influencing the 

10 control signal in dependence on whether the ballast is inductive or capacitive, 

characterized in that the circuit portion I comprises a circuit portion II for adjusting 

both the phase and the frequency of the control signal. 

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

frequency of the control signal, in the case of an inductive ballast, is equal to the 

15 frequency of the supply· voltage and, in the case of a capacitive ballast, is equal to twice 

the frequency of the supply voltage. 

3. A circuit arrangement as claimed in any one or several of the preceding 

Claims, characteriml in that the phase and frequency of the control signal are so chosen 

that the effective value of the current flowing through the electrodes of the discharge 

20 lamp during preheating is substantially independent of whether the ballast is inductive or 

capacitive. 

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

Claims, characterized in that the circuit ammgement is provided with means for 

generating a first current pulse by making the switching element conducting before 
25 Preheating, and means for adjusting the phase and frequency of the control signal in 

d~dence on the amplitude of the first current pulse. 
s. A circuit arrangement as claimed in any one or several of the preceding 

Claims, characterized in that the branch A comprises a diode bridge. 
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A circuit arrangement as claimed in any one or several of the preceding 

iaims, characterized in that circuit portion I comprises a current sensor in branch A. 

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

IailTlS, characterized in that the circuit portion II for adjusting the phaSe of the control 

tgnal comprises and adjustable timer circuit. 

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

;tairns, ch~cterized in that the adjustable timer circuit comprises an oscillator with an 

,djustable frequency. 
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