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APPARATUS FOR CONTROLLING AC SUPPLY SWITCHES

The present invention relates to apparatus for the control of
‘a switch in an AC supply line and in particular, but not
exclusively, for wuse with incandescent, halogen and

fluorescent lamps.

In known electrical wiring schemes for lamps, the LIVE wire
is wusually singularly routed to the wall switch box for
reasons of practicality, ease and economics. The absgnce of
the NEUTRAL wire from the wall switch box excludes the
possibility to derive a DC supply from the AC supply via the
LIVE wire within the same switch box location by conventional
means of a transformer which may be used for powering
electronic circuits including control circuits, remote
control receivers, ambient light controls, RF control

receivers, timer controls and motion detection controls.

A switch circuit has been exposed in the prior art to derive
a DC voltage from the LIVE wire while periodically switching
the AC supply to the connected lamp load. ‘The method employs
a DC voltage derivation circuit - in parallel with a solid
state switch, and in series with said load along the LIVE
wire. Such a switch circuit is marketed by X-10, Inc (USA).
For the switch circuit to work, it is required that the lamp
load is a pure resistance-which lies within an ohmic range in

order for the DC voltage derived to be sufficiently high to
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operate the electronic circuifs,tyhile maintaining the power
below a safety level such that g&cessive heat dissipation
from the electronic circuits does not occur. This inherent
disadvantage therefore restricts the application of the
switch circuit to the electronic controlled switching of
purely resistive lamp loads such as incandescent or filament

lamps.

It is an object of the present invention to provide an

improved switch circuit.

In accordance with a first aspect of the present invention,
there is proﬁided a switch circuit comprising an AC supply
switching means and a triggering circuit for actuating said
AC supply switching means, the triggering circuit including
current sensing means for providing a triggering signal in
response to a switch control signal and trigger delay means
for delaying actuation of the AC supply switching means in

response to the triggering signal.

Preferably, the'AC'supply switching means comprises a power
" triac connectable in series with a lamp load and the
triggering circuit comprises an opto-coupled triac driver or
a triac and an isolation transformer. It is also preferred
that the trigger delay means comprises a resistor connectable

at the trigger input of the preferred power tiiac.
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There is also provided a multiple switch circuit comprising

a plurality of circuits described above.

In accordance with a second aspect of the present invention,
there is provided a DC voltage limiting circuit comprising a
DC reservoir, a voltage reference means and a charging
current interruption means, wherein the voltége difference
between said DC reservoir and voltage reference means is
compared to a pre-determined voltage level for the actuation

of the charging current interruption means.

Preferably, the DC voltage limiting circuit comprises an
electrolytic capacitor, a zener diode and a transistor to
provide a controlled DC supply. The transistor pinches off

the charging current to the DC reservoir.

In one example of the invention, the DC voltage limiting
circuit further comprises another transistor which is

arranged to form a Darlington pair with the first transistor.

However, in a preferred example of the invention, the DC
voltage limiting circuit further comprises a capacitor
coupled between the base of the transistor and the AC supply
switching means and a discharge device in parallel with the
capacitor. The advantage of using a capacitor is that it
modifies the charging current waveform to heip ensure more

reliable switching than using a Darlington pair.

This Sheet Has Been Replaced
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Typically, the discharge device in parallel Wwith the

capacitor comprises a transistor.

The features of the second aspect are usable with the first

aspect.

Embodiments of the invention will now be described, by way of
example, with reference to the accompanying drawings, in

which:

Figure 1 is.a circuit diagram of a first embodiment of
the invention for use with a single lamp load;
Figure 2 is a circuit diagram of a second embodiment of
the invention for use with a plurality of lamp loads;
Figure 3 is a diagram illustrating the waveforms of the
AC mains voltage and charging current for the DC
deriving circuit of the embodiment of Figure 1 for
resistive loads;
Figure 4 is a diagram illustrating the phase difference
between the AC current and the AC voltage in inductive
lamp loads switched by conventional contact switches,
wherein the current lags the voltage;
Figure 5 is a diagram illﬁstrating the waveforms of the
AC mains voltage and charging current for the DC
. deriving circuit of the embodiment of the Figure 1 for
inductive loads; |

Figure 6 is a diagram illustrating voltage and current
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waveforms in the dual switch implementation of Figure 2
for differing resistive and inductiye lamp loads;
Figure 7 shows a modification to the DC deriving circuit
of the embodiment of Figure 1 and 2 supply for high
‘current consumption control circuitries for use with
fluorescent lamps;

Figure 8 is a circuit diagram showing a third embodiment
of the invention;

- Figure 9 is a diagram illustrating the current waveforms
for Figure 1 for an incandescent lamp 1load and a
-fluorescent lamp load;

Figure 10 is a diagram illustrating the current
waveforms for Figure 8 for an incandescent lamp load and
a fluorescent lamp load; and,

Figure 11 shows an example of a series switching circuit
to replace the parallel switching circuit shown in

Figure 8.

An embodiment of the invention is illustrated in Figure 1 and
comprises a bridge rectifier found from diodes 3, 4, 5, 6,
the rectifier having placed in parallel with the a power
triac 2, a power triac .triggering circuit comprising
actuating LED 14A and opto-coupled triac 14B, PNP transistor
15 and biasing resistors 18, 19, and a reservoir capacitor
charging circuit comprising electrolytic DC reservoir
capacitor 7,'Darlington transistor pair 9 and lb, zener diode

11, and resistor 12. The circuits performs a first function
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to derive a DC voltage to supply to the control circuits, and
a second function to trigger the power triac 2- to
conducting/non-conducting states, known as ON/OFF states

hereinafter, as required.

Referring to the first function of the described embodiment
of the present invention to derive a DC voltage to supply to
the control circuits, under the condition that lamp load 1 is

switched off, power triac 2 will not be triggered and will

remain open circuit or non-conducting (OFF state). The

bridge rectifier of diodes 3, 4, 5, 6 and its associated
circuit components - (depicted in the Figure 1 as all
components enclosed within the topology of the bridge
rectifier of diodes 3, 4, 5, 6) will therefore appear in

series with the lamp load 1 along the LIVE wire resulting in

the AC mains voltage being applied across the lamp load 1 and.

. the bridge rectifier of diodes 3, 4, 5, 6. As such, the full
wave rectified output from the bridge rectifier of diodes 3,
4, 5, 6 charges up the DC reservoir capacitor 7 through
charging current 20 (Icyapee) Which is limited by the lamp load
1 - impedance and charging resistor 8. The DC reservoir
capacitor 7 is also charged via the transistors 9, 10
arranged in a Darlington configuratioﬁ to a level until zener
diode 11 reaches breakdown, at which point any excess voltage
(voltage above limiting value) from the capacitor 7 will be
applied in reverse-bias to the base-emitter juhctions of the

transistors 9, 10. As the voltage across capacitor 7 rises
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higher, the transistors 9, 10 become more reverse-biased and
the charging current is pinched off through the transistors
g, 10. Thus the voltage V. across capacitor 7 is limit-
controlled approximately to Vo= V, - 2.Vg (switch-off). As
an example, for a required 5 V DC supply and for a typical
value of Vg (switch-off) = 0.4 V, the V, should be chosen to

-be 5.8 V.  This value of V; can be obtained by the
configuration of a zener diode of a practical or convenient
voltage rating combined in series with single or multiple
diodes each with forward voltage drop of 0.6 V. When the
voltage across capacitor 7 reaches the limit voltage, the
Darlington transistor pair 9, 10 is switched off and only a
small amount of current flows through zener diode 11, base
resistor 12 and eventually through lamp load 1. This steady-
state current for the circuit in Figure 1 is in the region of
1 mA (RMS). For incandescent and halogen lamps, this small
current will not cause the lamp load 1 to light up or cause
any significant power wastage. 1In the condition when lamp
load 1 is a fluorescent lamp, this current will cause the
glow-tube starter necessary for use in igniting the
fluorescent lamp to glow slightly. However the current
through the glow-tube starter causing the glow will not be
high enough to close the glow-tube starter contacts to
initiate ignition. On the average, the glow-tube starter for
a 230 V fluorescent lamp system will only close its contacts
when the current flowing-through it exceeds aﬁproximately 4

mA (RMS) .
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Under the condition that lamp load 1 needs to be supplied
with power, the power triac 2 will be triggered continuously
to become close-circuit or conducting (ON state) to allow the
mains voltage to be fully applied to the load lamp 1 and
therefore no voltage will develop across the bridge rectifier
of diodes 3, 4, 5 ,6. Left as it is, the charging of the
reservoir capacitor 7 will cease and due to current
discharge, the DC voltage will collapse. To prevent the
collapse of the DC voltége, the power triac 2 is switched OFF
for a period at the beginning of every half-cycle to divert
the mains voltage to the bridge rectifier of diodes 3, 4, 5,
6. The switching of the power triac 2 to the OFF state is
achieved by self commutation at the AC current zero crossing
point, that is the de-latching of the said power triac 2
caused by the absence of current flowing through the same.
After the power triac 2 self-commutates, the application of
a trigger signal to the gate input of the power triac 2 to
latch the said power triac 2 to ON state is delayed for a
momentary duration in the region of one milli-second at the
beginning of every half cycle. The delay in the triggering
is achieved by introducing resistor 13 to the power triac 2
gate input and the said triggering occurs when the gate
voltage rises high enough to inject a gate current greater
than the threshold gate current. The triggering delay will
allow the charging of the DC voltage reservoir capacitor 7 to
occur for the delay duration so as sufficientlf to enqble the

DC voltage reservoir capacitor 7 to be charged to the nominal
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required level. This results in the DC wvoltage supply being
constantly maintained throughout the duration that lamp load
1 is being supplied with power. The delayed triggering of
the power triac 2 for said duration will not cause
significant drop of power in the lamp load 1. As an example,
a delay of Ims will only cause a drop in load power by 0.6%
and this will not translate to a perceptible reduction in the

illumination intensity.

Referring to the second function of the described embodiment
of the present invention to trigger the power triac 2 to
ON/OFF states, the power triac triggering circuit consists of
an opto-coupled triac driver 14 whose input LED 14A is placed
in series with DC voltage reservoir capacitor 7, and whose
output triac 14B is placed in series with resistor 13 at the

gate of the power triac 2.

When the power triac 2 is to be switched OFF, shunt
transistor 15 in parallel with input LED 14A is switched on.
This is achieved by applying a control signal 21 to the input
of a shunting circuit consisting of shunt transistor 15 and
. resistors 18 and 19. The control signal 21 can originate
from any electronic control or sensor circuit. With shunt
transistor 15 switched on, charging current 20 will be
shunted away from the triac driver LED 14A and triac driver
14 will be switched off thereby inhibiting the‘triggering of

the power triac 2. When triggering of the power triac 2 is
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inhibited, the power triac 2 will be in the non-conducting or
OFF state and the lamp load 1 will be switched off. The rest

of the circuit operation is as described above.

Referring to Figure 3 when power triac 2 is to be switched ON
and the lamp load 1 is an incandescent or filament lamp, the
shunt transistor 15 is first switched off thereby allowing
the mains voltage 53 to be applied across the lamp load 1 and
the power triac 2. As the power triac 2 is initially at non-
conducting or OFF state, the voltage across it will also be
applied across the bridge rectifier of diodes 3, 4, 5, 6
which is connected in parallel with power triac 2. As a
result, a full-wave rectified DC current flows from' the
bridge rectifier 3, 4, 5, 6 output. to charge up the DC
voltage reservoir capacitor 7. Since shunt transistor 15 is
switched off by means of control signal 21, charging current
20 is forced to flow through the triac driver input LED 14A,

triggering the triac driver 14 to turn on, which in turns

. triggers the power triac 2 to the ON or conducting state at

time 55. When power triac 2 is switched ON, the voltage
across the said device (also the same voltage across bridge
rectifier of diodes 3, 4, 5, 6) immediately drops to near
zero. The charging current 20 stops flowing and the triac
driver LED 14A is switched off, therefore switching off
output triac 14B and consequently power triac 2. However,
power triac 2 continues to be conducting as it has already

latched on fesulting in the load current flowing through
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power triac 2 for the rest of the half-cycle duration. This
continues until the current reaches the AC zero crossing
point at time 56, at which point power triac 2 de-
latches/self-commutates thereby returning to its non-
conducting or OFF state. The mains voltage 53 now reverses
polarity and it rises sinusoidally across the power triac 2
and the bridge rectifier of diodes 3, 4, 5, 6. As this
voltage rises, charging current 20 will start to flow
therefore triggering triac driver 14 and consequently power
triac 2 at time 57 for the next half cycle. As described
above, the triggering of power triac 2 is not immediate after
the AC current zero crossing point, but after a slight time
delay 54 (approximate one milli-second} to allow charging of
the DC reservoir capacitor 7. The amount of delay can be
controlled by varying the resistance of gate resistor 13.
When power triac 2 is to be switched ON and the lamp load 1
- is a known halogen lamp (normally used with a step-down
transformer) which is inductive, the lamp load 1 will have a
power factor of less than unity wherein the load current and
voltage will have phase difference. Examples of the current
. and _voltage waveforms are illustrated in Figure 4 where
current 58 lags voltage 59. Referring to Figure 5, the
current through power triac 2 will alternate between positive
and negative half-cycles and at the current zero-crossing
point at. time 60, power triac 2 self-commutates. At this
instant, a non-zero rising voltage will suddeﬁly be applied

across power triac 2 and the bridge rectifier of diodes 3, 4,
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5, 6 as the applied voltage is ahead of the current in phase.
This will cause the charging current 20 to flow and
consequently trigger power triac 2 to the conducting or ON
state after the said time delay 54 at the beginning of every

half cycle of the current waveform.

When power triac 2 is to be switched ON and the lamp load 1
is a fluorescent lamp which is inductive, the operation of
this circuit is best described in three distinct phases; (A)
the lamp-off state phaée, (B) the lamp-on state phase, and
(C) the lamp ignition phase. For ease of explanation, the
lamp-on state phase operation will be described before that

of the lamp ignition phase.
(A) Lamp-off state phase

During this phase, as described in preceding sections, only
a small current flows through lamp load 1. However, this
current does not flow through the fluorescent tube as it is
in non-conducting state. This current will instead flow
through the glow-tube starter within the lamp fixture which
consists of the fluorescent lamp with the associated ignition
circuitry including the ballast and the glow-tube starter.

The glow-tube starter contacts will not close as long as the
current through it is not greater than 4 mA(RMS) (typical
value for closing contacts in a typical 230V glow-tube

starter). The rest of this phase of operation is the same as
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in preceding section with the glow-tube starter in series

with the ballast acting as the lamp load 1.
(B) Lamp-on state phase

During this phase, lamp load 1 consists of the fluorescent
tube in series with the ballast. The lamp is essentially in
the ionized state and thereby conducting with rather low
resistance. Therefore the total lamp load is inductive and
the circuit operation is as described above for inductive

lamp loads.

(C) Lamp ignition phase

During this phase, the glow-tube starter contacts will open
(referred to as OPEN hereinafter) and close (referred to as
CLOSE hereinafter) randomly and repeatedly for several
seconds to heat up the fluorescent tube filaments as well as
to generate a high voltage to ignite the fluorescent tube.
The typical OPEN duration is several tenths of milli-seconds
while the CLOSE duration is several hundreds of milli-
seconds. The description of the operation of the said

opening and closing of the glow-tube starter is as follows.

(1) Under the condition that the glow;tube starter

changes from OPEN to CLOSE, the total lamp load impedance
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will change from an impedance consisting.of ballast impedance
+ starter impedance when the glow-tube starter confact ié in
the OPEN position, to an impedance consisting of ballast
impedance + fluorescent tube filaments impedance when the
glow-tube starter contact is at the CLOSE position. The
impedance of lamp load 1 with the glow-tube starter when in
the OPEN position can be compared to a resistive lamp load 1
as in the case of the incandescent or filament lamp and thus
the operation can be very similar to the incandescent or
~filament lamp. The impedance of the lamp load 1 when in the
CLOSE position can be compared to an inductive lamp load 1 as
in the case of the halogen lamp and the operation is already

- described in preceding sections.

(2) Under the condition that the starter changes from
CLOSE to OPEN, a high induced voltage is generated by the
ballast at the instant when starter contact opens. Although
this inductive voltage is generated by the interruption of
the load current, which during normal operation will cause
power triac 2 to go into non-conducting state as ‘in AC
current zero crossing condition, this inductive voltage,
however, will not be blocked by power triac 2. The reason is
that power triac 2 is a slow device and the inductive voltage
generated will be transient that power triac 2 cannot respond
and de-latch or go in its non-conducting state to block it.

" Hence, this inductive voltage will be fully passed on by the
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power triac 2 unhindered to the fluorescent tube for

ignition.

The present invention can also be used with a plurality of
switches to control connected lamp loads, irrespective of the
power factor for each lamp load. Figure 2 illustrates a
second embodiment of the present invention and circuitry
therefor for a dual switch system. The basic operation of
the said dual switch system circuitry as illustfated in
Figure 2 is similar to the previously described operations
for the first preferred embodiment of a single switch system.

The dual switch system accepts two independent logic signals
to control two separate lamp loads independently of each
other. A feature to be noted is when the two lamp loads are
of different impedance type where one is purely resistive
(incandescent lamp) and the other is inductive (halogen or
fluorescent lamp). The current waveforms in these two lamp
circuits will have some phase difference. Using an example of
lamp load 1 being purely resistive type and lamp load 22
.being inducfive.type, the current and voltage waveforms are
illustrated in Figure 6. The current 34 (due to lamp load 1)
is in phase with mains voltage, while current 35 (due to lamp
load 22) is lagging the mains voltage. Consider the case
when both lamp loads are turned on, the resultant charging
current or trigger current pulses are as illustrated in
Figure 6. At time 37 when the AC current 34 reaches zero-

crossing point, charging current 20 will flow thereby
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triggering correctly power triac 2 to ON state. At the same
time, charging current 20 will also trigger power triac 23.
At this instant however , as current 35 is lagging behind
current 34, power triac 23 is still in conducting mode,
therefore charging current 20 has no effect on power triac
23. At time 38 when AC current 35 reaches its zero-crossing
point, charging current 36 will flow and this will trigger
power triac 23 correctly to ON state. At the same time,
charging current 36 will also trigger power triac 2.
However, at this instant, AC current 34 is leading AC current
35 and power triac 2 is already in conducting mode, therefore

charging current 36 has no effect on power triac 2.

Consider another case when lamp load 2 is turned on and lamp
load 22 is turned off. ‘At time 37, charging current 20
triggers power triac 2 correctly to ON state. However, in

this case where lamp  load 22 1is switched off, shunt

‘transistor 28 is turned on thereby diverting charging current

20 away from LED 27A. Thus power triac 23 will not be
triggered by charging current 20, keeping lamp load 22

switched off.

From the circuit arrangement of Figure 2, with the insertion
of an actuating LED and associated shunting circuit in
series with the DC voltage reservoir capacitor charging
current and a pair of diodes constituting a ﬁalf—bridge to

the full wave bridge rectifier of the first embodiment of the
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present invention as illustrated in Figure 1, a means is
provided for different triac trigger current pulses generated
at the zero-crossing of corresponding current waveform to
trigger correctly  the corresponding power  triac.
Irrespective of the number of switch units in one system with
different load types, each power triac will be triggered
correctly at the zero-crossing point of the corrésponding
current waveform. All other trigger current pulses due to
other lamp load circuits will not affect the correct

triggering operation of any one power triac.

The circuit in Figure 1 is meant for an application where the
total current consumption for the control circuitry is small
with current consumption less than several milli-amperes. In
the case when particular control circuitry requires higher
current, for example, greater thaﬁ 4 mA and the lamp load to
be controlled is a fluorescent lamp, a problem may arise. As
the DC supply is derived by passing current continuously
through the lamp load, a high DC consumption will result in
high current drawn through the glow tube starter in the
fluorescent lamp fitting when it is switched off. As
mentioned above, the typical closing current is around 4 maA
(RMS) and if a higher current is drawn from the DC reservoir
capacitor, a higher charging current will be required. This
results in higher current flowing through the glow tube
starter which may exceed its closing current. When this

occurs, the effect is similar to the ignition phase, that is,
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a high induced voltage will be generated when the glow-tube
starter closes and opens. This is highly undesirable for

three major reasons:

(1) Repeated closing and opening will very likely cause

early failure of the glow tube starter,

(2) When the glow tube starter closes, the impedance -
presented by the lamp load is only that of ballast.  Thus a
large part of the mains voltage'will be applied abruptly to
transistors 9, 10. This will cause higher thermal and

voltage stress on transistors 9, 10,

(3) When the glow tube starter closes and opens, a high
induced voltage may be generated. This high induced voltage
may damage transistors 9, 10 or cause the powef triac 2 to -
turn on inadvertently'due to high dv/dt appearing across the

- power triac 2.

In the case when the lamp load is a fluorescent type, it is
imperative that the current drawn through the glow tube
starter be kept below the closing current of the glow tube
starter. For applications that require higher DC current, a
modification to the DC voltage deriving circuit as
illustrated in Figure 7, is used to provide a two-level DC
supply circuit. The first level will providé a higher DC

voltage 51 for which reservoir capacitor draws a current less
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than the glow tube starter closing current. A second and
lower DC voltage 52 with higher current capabiiity is

obtained by a switching step-down DC converter 50.

Figure 8 is a circuit diagram showing a third embodiment of
the invention. As with Figure 1 this embodiment is intended

for use with a single lamp load.

Fig. 1 is a circuit comprising the basic.functional circuit
parts that provide the means to: (i) control the switching
ON/OFF of load; (ii) trigger the power triac 2 near the
zero-crossing point); and, (iii) derive a. steady low DC

voltage for electronic circuit.

An improved circuit is shown in Fig. 8. This circuit

provides improved circuit performance in two areas.

Firstly, the ON/OFF switching is more defined with two
transistors 115, 154 instead of the single transistor 115 in

the embodiment of Figure 1.

Secondly, in Figure 1 the transistor switch that controls the
charging current is provided by.a Darlington transistor pair
9, 10. The use of the Darlington transistor pair 9, 10 is
due to two circuit performance requirements: (a) during the
ON state, the charging current must be high eﬁough to allow

fast charging of reservoir capacitor 7; and, (b) during the
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OFF state, the current through the Darlington pair 9, 10 must
be sufficiently small to avoid excessive heating. Hence,
these two requirements require that’ the resistor 12 .is

relatively large (e.g. 100kQ).

In contrast, in Fig. 8, the Darlington pair 9,10 are replaced
by a transistor 109, a diode 150, a resistor 151 (typically
1kQ), a capacitor 152 (typically 10nF) and a transistor 153.
The resistor 151 and the capacitor 152 modify the charging

current (Igyaeq) 120 waveform.

This is illustrated by comparing Figures 9 and 10 which show
how Igpaee 120 varies with time for the circuits shown in
Figures 1 and 8, respectively. In Figures 9 and 10, the
upper waveform 210, 310 is for an incandescent lamp load, and

the lower waveform 220, 320 is for a fluorescent lamp 1oéd.

From a comparison of Figures 9 and 10, it can be seen that
both waveforms 310, 320 in Figure 10: (i) have a dIj,../dt
which is higher at the beginning of every half cycle, so that
the waveforms 310, 320 are skewed towards the beginning of
the half cycle and therefore, peak at that the beginning of
each half cycle; and, (ii) have a peak current (Ig,.e) value
that is higher than the peak current (I, value for the

corresponding waveforms 210, 220 in Figure 9.
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These effects (i) and (ii) have two benefits. Effect (i)
helps to ensure that the triggering is at the beginning of
every half cycle; and, effect (ii) helps to ensure reliable

triggering of the triac driver 114A.

For example, if the triggering threshold of the triac driver
114A is 3mA, the current waveforms 210, 220 in Figure 9
(which have a peak value for Ig,., of approximately 2mA) will
not. be able to trigger the triac driver 114A. However, the
currenﬁ waveforms 310, 320 in Figure 10 (which have a peak
value for I, of approximately 4mA) will be able to trigger

the triac driver 114A.

The operation of the circuit of Figuré 8 which accounts for

these effects can be understood as follows.

The charging current, Ig.. 120 is proportional to the base
current of transistor 109. The base current is largely
determined by the current flowing into the capacitor 114
(i,;,) where i,,=C.dv/dt, and dv/dt is the rate of rise of
voltage across thé transistor 114. 1In the OFF state, the
dv/dt value across the transistor 114 is very close to the
dv/dt value of the mains supply. The mains supply voltage,
as it is sinusoidal, has a dv/dt value which is highest at
the beginning of every half cycle (i.e. at the zero voltage
crossing point). Therefore, i, is highest (of.peaks) at the

beginning of every half cycle. This peaking effect is more
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pronounced in circuits where a fluorescent lamp load is used,

as can be seen from the waveform 320.

The transistor 153 provides a discharge path for the
capacitor 152 during the decrease of I, towards the end of

every half cycle.

Figure 11 shows an alternative form of switching circuit 360
which replaces switching circuit 350, indicated "by the
phantom box in Figure 8. The switching circuit 350 is a
parallel switching circuit, whereas the switching circuit 360
is a series switching circuit. The use of a series switching
circuit, such as the circuit 360, has the advantage of
providing more reliable switching. With the switching
circuit 350, if there is a high charging current (e.g. due to
a high load), the transistor 115 may not be able to shunt all
the current. Hence, there may be a switch off failure. The
use of a series switching circuit, such as the switching

circuit 360 reduces this problem.

The embodiments of the invention described are not to be
construed as limitative. For example, the opto-coupled triac
driver 14 can be substituted by a triac driver circuit
comprising a triac and an isolation transformer. In such an
implementation, the primary coil of the isolation transformer
will replace input LED 14A of opto-coupled triac driver 14 to

sense charging current 20, and the secondary coil of the
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isolation transformer will be connected.to the gate input of
a triac to form a circuit to perform the same function as

output triac 14B to trigger power triac 2 to the ON or

conducting state.
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1. A switch circuit comprising:
an AC supply switching means,
a triggering circuit for actuating sald AC supply
switching means,
the triggering circuit including current sensing means for
providing a triggering signal in response to a switch control
signal and trigger delay means for delaying actuation of the
AC supply switching means in response to the triggering

signal.

2. A circuit as claimed in claim 1, wherein the AC
supply switching means comprises a power triac connectable in

series with a load.

3. A circuit as claimed in claim 2, wherein the trigger
delay means comprises a resistor at the gate input of the

power triac.

4. A circuit as claimed in any one of claims 1 to 3,
wherein the triggering circuit comprises an opto-coupled
triac driver, an input LED of the driver forming said current

sensing means.

5. A circuit as claimed in any one of claims 1 to 3,

wherein the triggering circuit comprises a triac and an

This Sheet Has Been Replaced |
i
l

- [ Il




WO 9820604 THIS HSHF.'ET. HAS BEEN i. - PCT/SG97/00058
' ~ REPLACED '

25
isolation trénsformer, the primary coil of the isolation

transformer forming said current sensing means.

6. A circuit as claimed in any one of the preceding
claims, wherein the triggering circuit further comprises
current bypass means to shunt the current sensing means in

response to an off state of said switch control signal.

7. A circuit as claimed in any one of the preceding
claims further comprising a DC voltage deriving circuit, in
parallel with the AC supply switching means, for powering an

auxiliary circuit providing the switch control signal.
8. A circuit as claimed in claim 7, wherein the DC
voltage deriving circuit comprises a bridge circuit to

perform full wave rectification.

9. A circuit as claimed in claim 7 or claim 8, wherein

the DC voltage deriving circuit comprises:
¢ o0 reservot, O
a voltage reference means and e b s
a charging current interruption means, and

wherein the voltage difference between the DC reservoir and -

voltage reference means is compared to a pre-determined

voltage level for the actuation of the charging current

interruption means.
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10. A circuit as claimed in claim- 9, wherein the DC

reservoir comprises an electrolytic capacitor.

11. A circuit as claimed in claim 9 or claim 10, wherein
the voltage reference means comprises a zener diode operating

in breakdown condition as.a voltage reference diode.

12. A circuit as claimed in any one of claims 9 to 11,
wherein the charging current interruption means comprises a
Darlington transistor pair for pinching off the charging

current to the DC reservoir.

13. A circuit as claimed in any one of claims 9 to 11,
wherein the charging current interruption means comprises a
transistor, a capacitor coupled between the base of the
transistor and the AC supply switching means and a discharge
device in parallel with the capacitor, and the transistor

‘pinching off the charging current to the DC reservoir.

14. A circuit as claimed in c¢laim 13, wherein the

discharge device comprises a transistor.

15. A circuit as claimed in any one of claims 9 to 14,
wherein the DC voltage deriving circuit further comprises a
switching step-down DC converter to provide a two-level DC

voltage supply.
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16. A multiple switch circuit comprising a plurality of

circuits as claimed in any one of the preceding claims.

17. A DC voltage limiting circuit comprising:
(] \
a DC reservolr,

+ vetean socoenceseans, s DI

a charging current interruption means,
wherein the voltage difference between the DC reservoir and
voltage reference means is compared to a pre-determined
voltage level for the actuation of the charging current

interruption means.

18. A circuit as claimed in claim 17, wherein the DC

reservoir comprises an electrolytic capacitor.

19. A circuit as claimed in claim 17 or claim 18, wherein
the voltage reference means comprises a zener diode operating

in breakdown condition as a voltage reference diode.

20. A circuit as claimed in any one of claims 17 to 19,
wherein the charging current interruption means ‘comprises a
Darlington transistor pair for pinching off the charging

current to the DC reservoir.

21. A circuit as claimed in any one of claims 17 to 19,
wherein the charging curfent interruption means comprises a

transistor, a capacitor coupled between the base of the
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DC reservoir.
i off the charging current to the
pinching

i herein the
it as claimed in claim 21, w
ircu
22. A cir

voltage supply.



