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(57) Abstract

A circuit for controlling electricity delivered to a load, in particular a gas discharge lamp (25, 125). A high frequency ballast inverter
(14) outputs a high frequency oscillating signal to drive a gas discharge lamp (25, 125). A resonant circuit is coupled to the lamp and
inverter (14) to act as a voltage multiplier to aid in starting the lamp (i.e. to reach gas ionisation). If the lamp does no start within a certain
time, or if the lamp fails during operation, a timer circuit disables output from the inverter (14) so as to protect the driving components
from extended exposure to high currents/voltage experienced during starting. Reset circuitry is also provided to re-enable the inverter (14)
upon removal and replacement of the faulty lamp. In one form a capacitor (120), which forms part of the resonant circuit, charges during
removal of the lamp, and the resulting discharge upon lamp replacement effects resetting of the timer circuit and restart of the inverter (14).
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Electric Circuit for gas discharge lamp

This invention relates to an electric circuit of the kind which produces in use an
output which cyclically varies about a first reference voltage, the magnitude of which
output, relative to the first reference voltage, is, during normai operation of the circuit,
such as not to exceed a predetermined value for more than a predetermined time, but
which in abnormal operation does exceed the predetermined value for a predetermined

time.

Exempiary circuits of the above kind include various forms of DC-AC converter
used for operating fluorescent lamps via ballast circuits. Ballast circuits for fluorescent
lamps, as used in these applications, are commonly arranged such that, on initial
application of output from the inverter, a high voltage is generated and applicd through
the ballast circuitry to the lamp in order to jonise gas in the lamp to initiate operation.
Once, however, the ionisation occurs and the lamp commences operation, a relatively low
voltage only is required to sustain operation, and the ballast circuitry is effective to apply
a much lower voitage from the inverter to the lamp. The principles of ballast circuits for
performing this function are well known, simple circuits employing a capacitor connected
across the lamp and a series inductor between one end of the lamp and one of the ballast
inverter outputs. In the non-operative state, the lamp essentially constitutes an open
circuit and the ballas;t inverter output is applied to a substantially reactive load of low
impedance, constituted by the series connected capacitor and inductor. When the lamp
IS operating, a substantially resistive load is presented by the lamp in parallel with the
capacitor so that the effective impedance of the circuit is much increased. In this way,
the voltage applied from the ballast inverter to the lamp is automatically changed from
the start condition at which a relatively high voitage 'is applied to the lamp to a run

condition where a relatively low voltage is applied.

Whilst, in the start condition of the ballast and lamp, the load presented by the
ballast and lamp is predominantly reactive in nature, the inductance naturally exhibits
some resistive component. In these conditions, the voitage applied across the lamp may
be of the order of several times the normal operating voltage and substantial current flows

will occur through the inductor in view of the low load impedance then presented.

SUBSTITUTE SHEET (Rule 26)
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Similarly, output components of the inverter, such as output semi—conductor devices, are
subjected to heavy current. At least in the interests of economy, it is generally not viable
to so design the inverter and inductance such that these are capable, indefinitely, of

sustaining without damage the heavy power dissipation which thus occurs under the start

condition.

It might be considered possible to provide a means for directly measuring the
voltage across the lamp and, responsive to the measured voltage, to prevent continued
application of voltage from the ballast inverter to the ballast circuit and lamp under the
condition where starting is not established. However, generally speaking, arrangements
sensitive to voltage per s¢ involve some complexity, particularly in cases such as above
described where the voltage to be sensed is high.

In accordance with the invention, there is provided a protective electric circuit for
a gas discharge lamp circuit which includes a driving means for generating a voltage
signal for application across the electrodes of a gas discharge lamp, the voltage signal,
during normal Opcration‘ of the lamp, being of an amplitude so as to be of one polarity
with respect to a reference voltage, the protective circuit comprising means responsive
to a condition in which the voltage signal is the other polarity with respect to the
refercnce voltage, and means to generate a fault signal when the time period during which
the voltage signal is said other polarity persists for more than a predetermined time

period.

By this arrangement, it is not necessary to particularly provide magnitude

discriminating circuitry, simply to provide for polarity detection to generate the fault

signal.

The fault signal may be applied as required, such as to automatically turn off

operation of the circuit.

The invention also provides a circuit for driving a gas discharge lamp, the lamp

being detachable from the circuit for removal and replacement, comprising:
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a ballast inverter for generating a high frequency output signal for application to
the electrodes of the lamp;

a resonant circuit portion for multiplying said 6utput signal whilst the lamp is
inactive; |

a timing means for determining the time period during which the lamp is inactive
on the basis of the multiplied output signal, and for issuing a hold signal when the time
period exceeds a predetermined period; and

latch means for preventing the inverter from generating said output signal after

issuance of said hold signal.

In another aspect, the invention provides a circuit for driving a gas discharge
lamp, the lamp being detachable from the circuit for removal and replacement,
comprising: .

an inverter circuit for generating a high frequency output signal for starting and
energising the lamp;

a protection circuit for disabling the inverter circuit on detection of a faulty lamp;
and

a reset circuit for resetting the protection circuit to re-enable generating of the

output signal upon replacement of the lamp.

In an embodiment of the invention, the circuit further comprises a resonant circuit
which includes a charge storage elcﬂxcnt coupled, in use, between terminals of rcspectivc
electrodes of the lamp, and wherein removal of the lamp causes the charge storage
element to charge and replacement of said lamp effects a discharg; of the clement which

effects resetting of the protection circuit.

The invention is further described by way of example only with reference to the
accompanying drawings in which:

Figure 1 is a diagram of a drive arrangement for a fluorescent lamp;

Figure 2 is a circuit diagram of part of a ballast inverter incorporated at the
arrangement of Figure 1;

Figure 3 is a circuit diagram of a protection circuit incorporated into the ballast
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Figure 4 is a diagram of a current transformer incorporated into the ballast inverter
of Figure 2; and

Figure 5 is a modified form of the protection circuit of Figure 3.

Referring firstly to Figure 1, the circuit arrangement shown includes a line filter
10 arranged to be connected, for example, to a mains AC supply to produce a filtered AC
signal, a rectifier 12 which produces a rectified DC voltage from the filtered AC signal,
a ballast inverter 14, which receives the DC voltage from the rectifier 12 and generates
therefrom a high frcqucncyl AC signal (for example of 40 kHz frequency), and a ballast

circuit 16 which couples the inverter 14 to a fluorescent lamp 25.

The fluorescent lamp 25 comprises an envelope 25a containing a suitable low
pressure gas or vapour having, at opposite ends thereof, electrodes 25b, 25c, these being
formed as heater clements. In normal operation, the lamp 25 has an alternating electric
supply applied thereacross so that there is an ionisation current through the lamp which
causes a fluorescent layer on the envelope 25a to emit light. In normal operation then,
the elements 25b, 25¢ simply serve the purpose of electrodes to which the drive supply
is applied. During initial start up, however, current is passed through the elements 25b,
25c¢, which are of low resistance, to excite electrons which are used to ionise the gas or

vapour in the envelope 25 so as to start operation.

First ends of cach of the clements 25b, 25c¢ are interconnected by a capacitor 20.
The other end of element 25b is connected to the output 18 of inverter 14 via an
inductance 22. The other end of element 25c¢ is connected on the one hand to negative
supply for the apparatus via a capacitor 24 and on the other hand to positive supply by

an equal capacitor 26.

During initial operation, the high frequency output of the inverter 14 is applied
from an output 18 via the inductance 22 through the element 25b, capacitor 20 and
element 25¢c to the junction between capacitors 24, 26. Because the lamp 25 is not
conducting, the load presented to the inverter 14 is essentially reactive, comprising the
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capacitive reactance of the capacitor 20 in series with the inductance 22, the resistances
of the elements 25b, 25¢ being small. In the result, substantial current flow occurs
through the elements 25b, 25¢ to cause these elements to be heated as 4is required for
initial operation. Furthermore, the nature of the resonant circuit comprised of the
inductance 22 and capacitor 20 is such that a relatively high voltage is generated across
the lamp 25 ic between the elements 25b, 25¢ so that, in mnjm&ion with the heating of
the clements 25b, 25c, ionisation of gas or vapour within the envelope 25a occurs and
start up of the operation of the lamp likewise occurs. Once the ionisation current is
established in the lamp 25, however, the lamp itself presents a significant impedance
which may be treated as being resistive in nature so that the total impedance presented
to the output 18 of the ballast inverter 14 is substantially increased. Thus, whereas a
relatively high voltage is applied on initial start up, this voltage drops to a much lower
level once jonisation and normal operation of the lamp is established. Typically, the
magnitude of the AC voltage applied during start up may rise to the order of one
thousand volts as compared with a magnitude of, say 150 to 200 volts once normal
operation has been established. This principle of ballasting fluorescent lamps is well

known.

It would of course be possible to apply the AC drive voltage from the ballast
inverter 14 directly to the ballast circuit 16. However, it is necessary, in most
applications to provide for DC decoupling of the output of the inverter to the circuit 16.
This may be achieved in various ways but in the present instance is shown as being
achieved by coupling the 6utput 18 from the inverter 14, as mentioned, to the inductance
22 and, also as mentioned, by coupling the element 25¢ to positive and negative rails via

the two capacitors 24, 26.

The output 18 from the inverter 14 is an oscillatory voltage about a first reference
voltage which is midway between the positive and negative supply rails. The positive
and negative supply rails may be arranged such that there is a voltage difference of four
hundred volts therebetween so that the output 18 oscillates around a voltage which is
more or less constant with reference to the positive and negative supply rails and midway

therebetween. So, the voltage at the output 18 will oscillate about a mean voltage of
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about two hundred volts.

The ballast inverter 14 may take one of many forms. One form is described in
Australian Patent Specification 30314/89 (PCT/EP88/01211). Figure 2 is a simplified
circuit diagram of an arrangement which is somewhat similar. The positive and negative
supply rails are designated by reference numerals 28, 30. These are derived from the

rectifier 12.

Two transistor switches 32, 34 are provided, connected in series across the rails
28, 30. Output is taken from a junction between the emitter of transistor 32 and the
collector of transistor 34. This output is passed through the winding 40a of a current
transformer 40 (Figure 4) to the inductance 22 of the circuit 16. Suitable drive
arrangements are provided for turning on and off of the tramsistors 32, 34 so that
transistor 34 is cyclically turned on and off with transistor 34 being turned on and off in
a complementary fashion so that at any one time only one of the two transistors is in an
on condition. The switching rate is arranged to provide the required high frequency
output to the inductance 22. Reference may be had to the aforementioned prior patent
specification for a detailed explanation as to an exemplary method of control. Generally,
however, the bases of the transistors 32, 34 arc connected into circuitry including
windings 40b, 40c of the current transformer 40 to provide triggering signals of the
required polarity for on and off switching, these signals being generated, essentially, in
accordance with the flow of current through the winding 40a. Winding 40b is connected
from the negative rail 30 to the base of transistor 34 via a resistor 53, and winding 40c
is connected from the junction between the collector of transistor 34 and the emitter of

transistor 32 to the base of transistor 32 via a resistor 55.

Insofar as the present invention is concerned, it is noted that the input lines to the
inverter 14 have coupled thereacross a series connected resistor 42 and capacitor 44. The
junction between these is connected via a diac 49 to the base of transistor 34. When the
arrangement of Figure 1 is initially turned on and DC voltage appears at the output of
rectifier 12 and at the input to the ballast inverter 14, capacitor 44 charges through

resistor 42 until a voltage sufficient to cause break over of the diac 49 occurs, at which
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time a current is injected into the base of transistor 34 which causes the transistor 34 to
turn on and initiate operation of the inverter. Circuitry of a nature similar to this is
generally needed because the inverter 14 will not self start without such circuitry. In
particular, the transistors 32, 34 will otherwisc be in a stable state at turn on, control via
induced voltages in the windings 40b, 40c being dependent on the existence of changing
current flow through the winding 40a which will not occur until, for example, one of the
transistors 32, 34 is turned on. Each time transistor 34 is turned on, capacitor 44 is

discharged via diode 51 in readiness for the next cycle of operation.

If the inverter 14 comprised no more than the circuitry shown in Figure 2, the
aforementioned problem concerning prolonged power dissipation in the inductance 22
would occur if the lamp 25 did not begin satisfactory operation on initial turn on of the
arrangement. In particular, if the lamp does not strike when the inverter 14 begins
operation, there will be a high current flow through the inductance 22 which if allowed
to continue for a substantial period of time will cause the inductance 22 to possibly
overheat and cause damage to it. Similarly, the output transistors 32, 34 are subjected
to substantial current flows and again substantial and possibly damaging temperature rises
will occur if the start up condition prevails for too long. In accordance with this
embodiment of the invention, then, the circuitry shown in Figure 3 is additionally

incorporated into the ballast inverter 14.

Under normal operating coﬁditions, in the case described where the potential
difference between rails 28, 30 is 400 volt positive, and the output reference voltage 100
is plus 200 volts, the voltage across the lamp 25 will swing in accordance with the
voltage on line 18 about the same reference voltage with an amplitude of about 150 volts,
that is somewhat less than half the voltage between the rails 28, 30. If, as described, the
voltage of rail 28 is positive with reference to the voltage on rail 30, the voltage across
the lamp 25 will never be negative relative to rail 30, being always somewhat positive
relative thereto. On the other hand, during initial operation, since the voltage across the
lamp 25 may have an amplitude rising to of the order of 1000 volts about the same 200
volt positive reference, then the voltage will swing, on negative peaks of the applied
voltage across the lamp 18, very substantially negative relative to the rail 30.
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The circuitry shown in Figure 3 is connected to the same ground rail 30 as the
remainder of the circuitry of the inverter and to the same positive rail 28. Lamp voltage,
such as at the point 48 in Figure 1 circuitry is applied via a diode 50 and resistor R4 to
a timing circuit 60 comprised of the parallel connected capacitor C1 and resistor R6
shown. So long as the voltage at the point 48 is positive, no current flow can occur
through diode 50 because of the reverse bias of these through the circuit 60 to the line
30. On the other hand, when the voltage at the point 48 is negative relative to the rail
30, current flow can occur so as to charge the capacitor C1 via diode 50 and resistor R4,
the charging rate being controlled by selecting the values of resistor R6 and capacitor C1.
As mentioned, this condition applies only during initial start up operation or in abnormal
operation, since it is only in this condition that peaks of the voltage applied across the

lamp 25 exceed an amplitude of 200 volts.

Thus, the capacitor C1 will charge only under start up c;mditions or in abnormal
operation. The values of the capacitor C1 and of the resistors R6 and R4 are chosen such
that a predetermined threshold voltage across the capacitor Cl is reached only after a
predetermined time limit from application of the start up voltage across the lamp 25.
Typically this may be of the order of 5 seconds. If the time for start up of the lamp 25
is less than this predetermined time, the voltage at the point 48 assumes a positive value
and the capacitor C1 discharges through the resistor R6. If however, a threshold voltage
is reached, a diac D2 becomes conductive and an error signal is generated indicating that
start up has not occurred within the predetermined time or an abnormal condition has
existed for a predetermined time. Typically, diac D2 may be a 32 volt diac so that break
over or conduction occurs when a voltage of 32 volts is reached across the capacitor C1.
The diac D2 is connected from capacitor C1 through resistor R3 to a latching circuit
comprised of transistors Q1, Q2 and resistors R1 and R2 connected as shown. In
particular, the side of the diac D2 not connected to capacitor Cl is coupled by the resistor
R3 to the base of transistor Q2 so that when break over occurs the transistor Q2 is turned
on followed by resultant turn on of traﬁsistor Q1. Transistor Q1 is in this case latched
in the on condition. The emitter—collector junction of transistor Q2 is connected in series
with a resistor R1 to rail 30, the emitter itself being connected via a zener diode D3 and

the resistor 42 mentioned in relation to Figure 2 to the positive supply rail 28. The
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junction between the zener diode D3 and resistor 42 is connected to the negative supply
rail 30 by capacitor 44 also shown in Figure 2. Zener diode D3 is chosen to have a
lower zener voltage than the break over voltage of diacs 49 and D2, such as being 12 volt

where the break over voltage is 32 volt.

The diac 49 shown in Figure 2 is shown in Figure 3, this being connected from
the junction between the resistor 42 and zener diode D3 to the junction between diac D2
and resistor R3 via a diode D4 as shown. The junction between diode D4 and the diac

49 is connected to the base of transistor 34.

In normal operation, when the voltage on capacitor C1 does not rise to the point
where diac D2 conducts, the voltage across the diac 49 can as aforedescribed reach the
necessary 32 volts in order to initiate operation of the inverter. However, if after
initiation of operation, chargixig of capacitor C1 continues to the point where diac D2
breaks over, the junction between diode D4 and resistor R3 is then pulled to a negative
value (point 48 peaking at a value which is negative with respect to rail 30) with the
result that the transistor 34 is decisively turned off due to the connection of the last
mentioned junction to the base of the transistor 34 via the diode D4. Operation of
inverter 14 then ceases. This clamping condition is arranged to prevail for several cycles
of operation of the inverter 14 since if the clamping were removed immediately,
restarting may occur due to ringing in the circuit comprised of the inverter 14 and ballast

circuit 16.

Also, when clamping of the base of transistor 34 occurs, transistors Q1, Q2 are
turned on due to break over of diac D2, and current flow occurs through zener diode D3.
The voltage across capacitor 44 is then limited to the zener voltage so that diac 49 can
no longer conduct, and drive to base of transistor 34 is prevented. Thus, further starting
of the inverter 14 is inhibited.

Figure 5 illustrates an extended form of the protection and drive circuitry
illustrated in Figure 3 and described hereinbefore. The modified circuit is constructed
to allow two fluorescent lamps 25, 125 to be operated in parallel by a single protection
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circuit. In order to achieve this, parallel inductors 22, 122 are provided to couple the
output 18 from the inverter 14 to respective first terminals of the lamps 25, 125. As in
Figure 3, the elements of the lamps 25, 125 are interconnected by respective capacitors
20, 120, with the remaining element terminal of the lamps 25, 125 each bcing connected

between the negative and positive supply rails via capacitors 24 and 25 respectively.

As described above, the oscillator comprising transistors 32, 34 and related drive
components (Figure 2) provides a high frequency output signal at the output terminal 48.
Considering lamp 25, and neglecting the voltage drops across the cathodes thereof, the
output load comprises essentially an LC series resonant circuit of inductor 22 and
capacitor 20. Therefore, before the lamp 25 starts, the unioaded output LC filter acts as
a voltage multiplier dependant upon the circuit quality factor (Q) in normal operation, the
voltage across capacitors 20 and 120, and hence across the elements of lamps 25 and 125,
reaches a sufficient magnitude to begin ionisation within the tubes 25, 125. Once the
lamps 25, 125 are conducting, a low impedance is presented across capacitors 20, 120,
which acts to damp the LC resonant circuit. The voltage across capacitors 20, 120 then
drops to a level defined by the operation of the lamps 25, 125 and the output of inductors
22, 122,

However, in the event that lamp 25 is faulty and does not reach ionisation, the
voltage across capacitor 20 remains high and the circuit currents are much higher than
during normal operation. This causes excessive power dissipation requirements and can
lead to circuit overload, as discussed ‘above, necessitating some form of preventative

protection circuit to limit this condition.

Output terminals 48, 148 (Figure 5) have a DC level defined by the rectifier
circuitry, and under normal operation has a peak to peak voltage swing of a magnitude |
such that the voltage at terminal 48 does not exceed that of the supply rails. However,
under startup condition (je. before jonisation of the gas in lamps 25, 125) the high
voltages achieved from the LC resonant circuit exceeds that of the supply rail, causing
diode 50 to conduct so as to charge capacitor C1. If the threshold voltage of diac D2 is
achieved before the lamp 25 starts, then a hold signal is issued by diac D2 conducting
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current to the base of transistor Q2, thus causing the latch comprising transistors Q1 and
Q2 to operate. Operation of the latch in turn causes the base of transistor 34 to be
clamped low via diode D4, thus preventing further operation of the inverter whilst the
latch is set. In this event, however, the latch circuit can only be reset by removal of

input power to the circuit.

In the circuits thus far described, as mentioned above, supply power to the
protection circuit must be cut, once the circuit has latched, in order to start a new lamp
tube. This requirement can be a significant drawback in large installations where a large
number of lamp tubes may be controlled by a single power switch, and/or where the
lamps run continuously for extended periods of time. In such an installation it may be
very inconvenient or disadvantageous to require that the supply power be cut to all of the
lamp circuits in order to replace and restart only one of them. In order to alleviate this
problem, it has been found that a resistor 70 coupled from the junction of capacitor 20
and lamp electrode 25B to the negative supply rail 30 can effect resctting of the

protection circuitry upon replacement of the faulty lamp tube.

Referring to Figure 5, there is shown a resistor 70 coupled from one end of
capacitor 20, and resistor 170 coupled to an end of capacitor 120, the other ends of the
capacitors 20, 120 being coupled together at a cathode terminal of lamp tubes 25, 125.
As described hereinabove, if one of the lamp tubes 25, 125 is faulty and does not start,
the latch arrangement of transiston;» Q1 and Q2 latches so as to prevent further low
impedance current draw through the resonant starting circuits. In this condition, the
transistor 34 (see Figure 2) is latched off, and thus resistor 39 (Figure 2) forms a voltage
divider with resistors 70 and 170 by way of inductors 22 and 122, respectively.
Preferably the resistance values of each of resistors 70 and 170 are larger than the
resistance value of resistor 39, such that the quiescent voltage at terminal 101 (the
junction between the cathode terminals of lamps 25 and 125) is around 250 to 300 volts.
This provides a quiescent charge on capacitors 20 and 120 of around 50 to 100 volts,
since mid point 100 between capacitors 24 and 26 is stabilised at around 200 volts,
between the upper and lower rail voltages. If faulty lamp tube 125 is then removed so
as to replace it with an operational tube, then the cathode connections of tube 125 are left
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open circuit. This alters the conditions of capacitor 120, whereby the terminal of
capacitor 120 coupled to resistor 170 is drawn to ground potential, whilst the other end
thereof is drawn to 200 volts potential, creating a charge voltage across capacitor 120 of
about 200 volts. When an operational tube is replaced as lamp tube 125, the charge in
capacitor 120 must revert to its former state, ic. -50 volts compared to the +200 volt
charge with tube 125 removed, which requires a redistribution of charge in the protection
circuit. Advantageously, charge current is drawn from capacitor 44 through diode 51,
inductor 122 and a cathode of lamp tube 125 so as to equalise the charge in capacitor 120
with that of capacitor 20. In doing so, the charge voltage across capacitor 44 drops
slightly below the 14 volts or so required for zener diode D3 to conduct, which unlatches
the transistor arrangement of Q1 and Q2 by momentarily ccasing' current flow thereto.
In effect this constitutes a reset signal, brought about by discharge of capacitor 20 upon
replacement of the lamp tube, which causes the latch to reset by momentarily preventing
current flow thereto. Therefore, by releasing the latch of transistors Q1, Q2, the drive
transistor 34 is able to conduct once again so as to drive the lamp tubes 25 and 125, as
described above. Since the circuit is symmetrical with respect to lamp tubes 25 and 125,
the operation of the circuit in the instance in which tube 25 is faulty rather than tube 125,
is the same except with respect to capacitor 20 and resistor 70 rather than capacitor 120

and resistor 170.

In the case of a circuit arranged to drive only a single lamp tube, such as that
illustrated in Figures 1 and 3, an additional resistor 69 may be introduced in order to
encourage discharge of capacitor 20 whilst the faulty lamp tube 25 is removed and
replaced. Thus, as in the case of the dual lamp circuit, the capacitor 20 must be
recharged upon insertion of the lamp tube 25, which draws current from capacitor 44, so
as to momentarily prevent conduction of zener diode D3 which has the effect of resetting
the latch arrangement of transistors Q1 and Q2. The additional resistor 69 may be
coupled in parallel across the terminals of tube cathode 25C, between one end of
capacitor 20 and the mid point 100 between capacitors 24 and 26. Additionally, the
resistor 69 may be of a relatively high resistance value, eg. 100 kilooams, so as to

substantially prevent disturbance to the remainder of the circuit.
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The described arrangement generates an error signal when a time period has
elapsed during which lamp start up has not occurred or when a fault condition exists for
such time period. As mentioned, this time interval may be determined by selection of
components, particularly capacitor C1 in the circuit of Figure 3. When the error signal
is generated, the ballast inverter is disabled. The time period allowed from initiation of
operation of the inverter before disabling occurs, if start up does occur, can easily be
selected to be such that operation of the inverter is not permitted for a period likely to
damage to the inductance 22 and internal components of the inverter, particularly the
transistors 32 and 34. The error signal could however be applied otherwise to disable the
inverter or need not be applied to actually disable the inverter at all, simply to provide
a.suitable warning to enable manual disabling of the inverter or otherwise to permit
control action to be taken.

The described oon;truction has been advanced merely by way of
explanation, and many modifications and variations may be made thereto without
departing from the spirit and scope of the invention defined by the ciaims appended

hereto.
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CLAIMS:

1. A protective electric circuit for a gas dischargé lamp circuit which includes a
driving means for generating a voltage signal for application across the electrodes of a
gas discharge lamp, the voltage signal, during normal operation of the lamp, being of an
amplitude so as to be of one polarity with respect to a reference voltage, the protective
circuit comprising means responsive to a condition in which the voltage signal is the
other polarity with respect to the reference voltage, and means to generate a fault signal
when the time period during which the voltage signal is said other polarity persists for

more than a predetermined time period.

2. A protective circuit as claimed in claim 1, including a latch means which is
coupled to said driving means and which is responsive to said fault signal to assume a

state effective to prevent the driving means from generating said voltage signal.

3. A protective circuit as claimed in claim 2 wherein the latch means is further
responsive to a reset signal effective to reset the state of the latch means so as to re-

enable the driving means to generate said voltage signal.

4. A protective circuit as claimed in claim 3 wherein the latch means includes a
charge storage device which, in use of the circuit, is charged to a threshold level whilst
the latch means is in its set state, said reset signal being effective to at least momentarily

reduce the charge of the storage device to below said threshold level.

5. A protective circuit as claimed in claim 4 wherein the latch means further includes
a threshold device coupled with said charge storage device such that when the charge of
the storage device is drawn below said threshold level by the reset signal the threshold

device prevents current flow to the latch means so as to reset same.

6. A protective circuit as claimed in claim 3, 4 or 5 wherein the lamp is removable
from the driving means and protective circuit for replacement of the lamp, wherein the

action of removal and replacement of the lamp causes issuance of said reset signal.
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7. A circuit for driving a gas discharge lamp, the lamp being detachable from the
circuit for removal and replacement, comprising:

a ballast inverter for generating a high frequency output signal for application to
the electrodes of the lamp;

a resonant circuit portion for multiplying said output signal whilst the lamp is
inactive; .

~ atiming means for determining the time period during which the lamp is inactive

on the basis of the multiplied output signal, and for issuing a hold signal when the time
period exceeds a predetermined period; and

latch means for preventing the inverter from generating said output signal after

issuance of said hold signal.

8. A circuit as claimed in claim 7, further comprising means for resetting said latch
means in response to a reset signal, after issuance of said hold signal, so as to allow the

inverter to generate said output signal.

9. A circuit as claimed in claim 8, wherein removal and replacement of said lamp
is effective to initiate the issuance of said reset signal to the resetting means to reset the

latch means.

10. A circuit as claimed in claim 9, wherein the resonant circuit portion includes a
charge storage element coupled, in use, between terminals of respective electrodes of the
lamp, and wherein removal of the lamp causes the charge storage element to charge and

replacement of said lamp effects a discharge of the element constituting said reset signal.

11. A circuit as claimed in claim 10 wherein current is supplied to said latch means
by way of a threshold device, the reset signal being effective to, at least momentarily,
reduce the voltage across the threshold device to below its threshold so as to block

current flow to the latch means and reset same.

12.  Acircuit as claimed in claim 7 wherein the lamp comprises first and second dual

terminal heatable electrodes, and wherein the resonant circuit portion comprises an
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inductive clement having one end coupled to one terminal of the first lamp electrode and
the other end coupled to receive the output signal from the inverter, and a first capacitive
clement coupled from the other terminal of the first electrode to one terminal of the
second clectrode, with the other terminal of the second electrode being coupled to a
substantially constant voltage source, and wherein the timing means comprises a parallel
resistive and capacitive arrangement having one end coupled to said one terminal of the

first lamp electrode via a first threshold device.

13. A circuit as claimed in claim 12 wherein the said end of the RC arrangement is
coupled to the latch means via a second threshold device, such that when the capacitive
element of the RC arrangement level above the threshold of the second threshold device
the second threshold device conducts an electrical current constituting said hold signal.
14. A circuit as claimed in clai;n 13 wherein said latch means comprises a bistable
transistor arrangement which, in its latched condition, is supplied with current via a third

threshold device.

15. A circuit as claimed in claim 14, further including a resistive clement which
couples an end of the first capacitive element to ground such that, on removal of the lamp
the first capacitive clement charges between said voltage source and ground whereby, on
replacement of the lamp, said first capacitive element at least partially discharges so as
to at least momentarily reduce said third threshold device below its threshold whereby

to cut current flow there through and reset the latch means.

16. A circuit for driving a gas discharge lamp, the lamp being detachable from the
circuit for removal and replacement, comprising:

an inverter circuit for generating a high frequency output signal for starting and
energising the lamp;

a protection circuit for disabling the inverter circuit on detection of a faulty lamp;
and

a reset circuit for resetting the protection circuit to re-enable generating of the

output signal upon replacement of the lamp.
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17. A circuit according to claim 16, further comprising a resonant circuit which
includes a charge storage element coupled, in use, between terminals of respective
electrodes of the lamp, and wherein removal of the lamp causes the charge storage

element to charge and replacement of said lamp effects a discharge of the element which

effects resetting of the protection circuit.
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