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(54) IMPROVEMENTS IN OR RELATING TO
CIRCUITS FOR OPERATING ELECTRIC
DISCHARGE LAMPS

(71) We, THE GENERAL ELECTRIC
COMPANY LIMITED, of 1 Stanhope
Gate, London, W1A 1EH, a British
Company, do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which it is

to be performed, to be particularly
described in and by the following -

statement.— :

This invention relates to circuits for
operating electric discharge lamps.

It is an-object of the present invention to
provide such a circuit suitable for use with a

. low pressure sodium lamp and capable of

achieving more reliable starting of such a
lamp and stable operation while the lamp
runs up to full current than has hitherto
‘been achieved by circuits of comparable
cost.

According to the present invention there
is provided -a circuit for operating an

electric discharge lamp comprising: a pair

of input terminals for connection to an
-alternating current supply; a pair of output
terminals for connection across the lamp; a
reactive ballast impedance connected
between one of the input terminals and one
of the output terminals; a connection

between the other input terminal and the

other output terminal; a controllable
electronic switching device connected
between a tapping point on the ballast
impedance and said other input terminal, or
said other output terminal or a point on said
connection there-between; and a triggering

- circuit for said switching device arranged to

render said switching device alternately
non-conducting and conducting several
times during each of at least one set of half
cycles of the supply voltage of the same
polarity when the lamp . has not - fired,
thereby to produce a burst of high voltage
pulses between the output terminals for
starting the lamp, said triggering circuit
comprising: a pair of resistances connected
in series between said tapping point and
said other input terminal, or said other

-output terminal or a point on said

connection there-between; a capacitance
connected across one of said resistances;
and a voltage sensitive breakdown device
connected between the junction between
said resistances and the control electrode of
said switching device. _

-In a preferred circuit in accordance with
the invention capacitance is connected in
series with the main current path through
the switching device.

Two circuits in accordance with the
invention will now be described, by way of
example, with reference .to the
accompanying drawings in which:

Figure 1 is a diagram of one circuit;

Figures 2a and 2b show the waveforms of
voltages appearing in the circuit of Figure 1
in operation; and '

Figure 3 is a diagram of the other circuit.

_Referring to Figure 1, the circuit includes
a pair of input terminals I1 and I2 between
which an. alternating current supply (not
shown) is connected in operation, and a
pair of output terminals O1 and O2 between
which a low pressure sodium lamp SL is
connected in operation.

A reactive ballast impedance comprising
a tapped inductor L1, L2 is connected
between the -input terminal Il and the
output terminal Ol, and the other input
terminal I2 is directly connected to the
other output terminal O2.

A power factor capacitor Cl is
connected between the input terminals I1
and I2.

‘A triac TR, a capacitor C2, and a small
value resistor R1 are connected in series
‘between the tapping point on the inductor
L1, L2 and the terminal I2. The triac TR is
provided with a trigger circuit comprising a
voltage sensitive breakdown device in the
form of a diac D connected between the
control electrode of the triac TR and the
junction between two resistors R2 and R3
connected in series between the tapping
point on the inductor L1, L2 and the
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terminal I2, the resistor R2 being shunted

by a capacitor C3. - :

‘The whole of the inductor L1, is shunted
by a capacitor C4 and further capacitors C5
and C6 are connected between the

terminals Il and I2 respectively and

_ground.

In operation of the circuit, when the
supply voltage is applied to the terminals I1
and I2, before the lamp SL has struck, the
full supply voltage appears across the
trigger circuit comprising components R2,
R3, C3 and D. The capacitor C3 therefore
charges up and the potential of the junction
point A between resistors R2 and R3 rises
until the diac D breaks down. This causes
capacitor C3 to discharge rapidly via triac
TR -and the potential at point A to fall
below the maintaining voltage of the diac

_D. When the diac D stops conducting the

capacitor C3 rapidly recharges and the
potential of point A rises again until diac D
breaks down again and the cycle is
repeated. Hence, as the supply voltage rises

in each half cycle several current pulses are

supplied to the control electrode of the
triac in rapid succession.

The trigger circuit comprising
components R2, R3, C2 and D is designed
in conjunction with the characteristics of

the triac TR employed in the circuit so that -

the firing current delivered to the triac

~when the diac D breaks down is insufficient

to turn the triac fully on, so that the current
between the main electrodes of the triac
follows the current in the diac. Hence,
before the lamp SL ignites, during each half
cycle of the supply voltage, as the supply
voltage rises, a burst of current pulses is
produced in the inductor L1, producing a
corresponding burst of large amplitude
voltage pulses between the terminals Ol
and O2, as illustrated in Figure 2a.

The trigger circuit also effects a phase
delay of the voltage at point A with respect
to the supply voltage so that there is a short
delay before the onset of pulses at terminals
O1 and O2 in each half cycle of the supply
voltage. o

After the lamp SL has fired in response to
the large amplitude voltage pulses
produced between the terminals Ol and
02, as the lamp SL is running up to full
current, the voltage between terminals O1
and O2 has the waveform shown in Figure

buring this period of operation, i.e.
during running up to full current, the lamp
restrike voltage RS is initially sufficiently

- large to cause the diac D to break down

(after the above-mentioned delay) and

cause the triac TR to conduct, thereby.

producing a rapid fall in the voltage
between terminals Ol and O2, as illustrated

. in Figure 2b by voltage spikes VS. The value

of capacitor C2 is chosen to reduce the
width of this spike-to a minimum. It will be

appreciated that ‘after the lamp SL has

restruck in each half cycle the voltage
across trigger circuit R2, R3, C3, D rapidly
becomes too low to cause further
breakdown of the diac in that half cycle.
As the lamp approaches full current and
the sodium takes a role in the discharge
mechanism the restrike voltage peaks RS
are reduced and no further breakdown of
the diac D or consequent firing of the triac

TR occurs.

The capacitors C4, C5 and C6 together
with the power factor correction capacitor
Cl act as a filter to suppress any radio
frequency voltages that may be generated
in operation of the circuit.

The capacitor C4 also acts as a stabilising
capacitor during run-up of the lamp to full
current by aiding restrike of the lamp. In

addition, the capacitor C4 together with the

inductor L1, L2 acts as a circuit tuned
roughly to the frequency of the pulses
produced by the trigger circuit, and thereby
reduces the likelihood of the triac

becoming fully turned on when the diac -

breaks down.

In one particular embodiment of the
circuit of Figure 1 for operating a 35 watt
sodium lamp from a 240 volt, 50 Hz supply
details of the circuit are as follows:

Capacitors Cl1 6.5 ufd
C2 0.47 ufd
C3 0.1 ufd
C4 0.01 ufd
C5 0.02 ufd
Cé6 0.02 ufd
Resistors R1 2.2 ohms
R2 10 kilohms
: R3 45 kilohms
Inductance L1 0.6 Henries
oo L2 6.0 millihenries
- Diac D RCA type D32027
Triac TR RCA type T2801D

In this arrangement in which the diac D
has a breakdown voltage of 32 volts and a
maintaining voltage of between 3 and 4
volts the bursts of starting pulses produced
each half cycle have a frequency of a few
kilocycles.

It will be appreciated that the frequency
of these pulses is essentially dependent on
the values of components R2, R3 and C3;
the frequency may thus conveniently be set
by appropriate selection of their values.
The value of the capacitor C2 is selected in
dependence on the required energy of the
pulses. :

It will be appreciated that for satisfactory
operation of the circuit the current flowing
between the main electrodes of the triac in
response to each starting pulse must be
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sufficiently small and short to prevent the
triac being turned fully on. Thus,
satisfactory operation of the circuit of
Figure 1 is dependent on the characteristics
of the triac. : :
In a modification of the circuit of Figure
I to reduce this dependence, a further
capacitor may be connected between the
triac and the tapping point on inductor L1,
L2. With such a further capacitor present
the rate at which the current between the

~main electrodes of the triac decays is
- increased thereby reducing the time which

current flows in the triac in response to
each starting pulse. -

In a further such modificatiori, a low-

valued resistor is connected between the
control electrode and a main electrode of

‘the triac to speed up turn-off of the triac.

A circuit incorporating both these
modifications is shown in Figure 3, the
further capacitor being referenced C7 and

the low valued resistor being referenced -

R4, the circuit being otherwise identical to
that shown in Figure 1. :

It will be understood that whilst the --

circuits described by way of example use a
bidirectional switching device and produce
a burst of starting pulses every half cycle, in
other circuits in accordance with the
invention the switching device may be
unidirectional so that starting pulses are
produced only every positive or every
negative half cycle.

WHAT WE CLAIM IS:—

1. A circuit for operating an electric
discharge lamp comprising: a pair of input
terminals for connection to an alternating

current supply; a pair of output terminals =

for connection across the lamp; a reactive
ballast impedance connected between one
of the input terminals and one of the output
terminals; a connection between the other
input terminal and the other output
terminal; a controllable electronic
switching device connected between  a
tapping point on the ballast impedance and
said other input terminal, or said other

output terminal or a point on said
“connection there-between; and a triggering

circuit for said switching device arranged to
render said switching device alternately
non-conducting and conducting several

times during each of at least one set of half
cycles of t%e supply voltage of the same
polarity when the lamp has not. fired,
thereby to produce a burst of high, voltage
pulses between the output terminals for
starting the lamp, said triggering circuit
comprising: a pair of resistances connected
in series between said tapping point and
said other input terminal, or said other
output terminal or a point on said
connection there-between; a capacitance
connected across one of said resistances;
and a voltage sensitive breakdown device
connected between the junction between
said resistances and the control electrode of
said switching -device. .

-2. A circuit according to Claim 1 wherein
a capacitance is connected in series with
the main current path through the
switching device between the switching
device and said tapping point on the ballast

impedance.

3. A-circuit according to either of the
preceding claims wherein a capacitance is
connected in series with the main current
path through the switching device between
the switching device and said other input
terminal or said other output terminal or a
point on said connection therebetween.

4. A circuit according to any one of the
‘preceding claims wherein a low-valued .

resistance is connected between the control
electrode and a main electrode of said
switching device.

5. A circuit according to any one of the

. preceding claims wherein said switching

device is a bidirectional switching device

-and said triggering circuit is arranged to
_render said switching device alternately

non-conducting and conducting several
times during each half cycle of the supply
voltage when the lamp has not fired.

6. A circuit for operating an electric
discharge lamp as hereinbefore described
with reference to Figure 1 or Figure 3 of the
accompanying drawings. '

7. A circuit according to any one of the
preceding claims in combination with a low
pressure sodium lamp connected across the
output terminals of the circuit.

For the Applicants,
: M. B. W. POPE,
Chartered Patent Agent.

Printed. for Her Majesty’s Stationery Office, by the Courier Press, Leamington Spa, 1981
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
i which copies may be obtained.
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