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(57) Abstract: The invention describes a bleeder circuit (1) realized for use in a dimmer (2) comprising a main AC switch (20) for
switching a supply voltage (LINE) to a light non-linear load (L), which bleeder circuit (1) comprises a bleeder load (11) realized to
provide operational assistance to main AC switch (20); wherein the bleeder load(11) is enabled on the basis of a switching signal
(T2) of the main AC switch (20). The invention further describes a dimmer (2) comprising such a bleeder circuit (1). The invention
also describes an electrical appliance comprising a light non-linear load (L) and such a dimmer (2). The invention further describes a
method of dimming a light non-linear load (L).
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Bleeder circuit for a dimmer of a light non-linear load

FIELD OF THE INVENTION
The invention describes a bleeder circuit for a dimmer of a light non-linear
load. The invention also describes a dimmer, an electrical appliance, and a method of

dimming a light non-linear load.

BACKGROUND OF THE INVENTION

The term 'dimming' may be generally understood as driving a load at a power
that is lower than its rated power. In the case of a lamp, this reduction in power is
immediately noticeable as a reduction in light output, hence the origin of the term 'dimming’.
Other appliances can also be 'dimmed’, for example an electric motor can be driven at a lower
power by turning a 'dimmer’ knob or switch. Such a knob or switch may be incorporated into
the appliance or lamp, for example a desk-top lamp may have its own dimmer knob. A
ceiling light fixture may be dimmed by a rotatable knob realized as part of the wall switch for
that lighting fixture. The power of a hand-held appliance can be regulated by a knob
incorporated in a housing of the appliance. Known dimmers that are used in appliances that
run off a mains supply usually comprise an AC switch component such a phase-controlled
triac, and are generally referred to as 'leading edge dimmers' or 'forward phase' dimmers.
Such a dimmer effectively suppresses the early part of each sinusoidal half-wave of AC
voltage to the load, by triggering the triac at a certain phase angle. The dimming level is
generally controlled by a user input such as a rotatable knob whose action is converted into
the trigger signal for the triac.

Instead of a triac, a component such as an alternistor, or silicon-controlled
rectifier (SCR) can be used as the AC switch, with an appropriate control signal. A triac or
alternistor is a semiconductor component that can conduct electric current in both directions
when triggered. A silicon-controlled rectifier SCR is a similar device that conducts current in
only one direction when triggered. For AC operation, two SCRs are arranged in an anti-
parallel configuration. Triac/alternistor and anti-parallel connected SCRs are functionally
identical and are referred to collectively in the following to as an 'AC switch'. For an AC

switch to start conducting, the load current must exceed a 'latching current' before the end of
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the trigger pulse. Once latched, the AC switch will remain in the conductive state until the
load current once again drops below a 'holding current' level. Latching current and holding
current values are specific for each AC switch and are typically in the order of few tens of
milliamperes.

Leading edge dimmers are traditionally used for dimming of incandescent
lamps, which present an inherently resistive load to the dimmer. This type of load has unity
power factor and generally draws enough current to ensure stable AC switch operation over
the full dimming range. A resistive or linear load is associated with nearly perfect AC switch
commutation, i.¢. the transition between non-conductive and conductive states, which in turn
ensures smooth operation over the whole dimming range. Even low-power incandescent
lamps draw enough current when dimmed so that even if the load current should drop below
the holding current level, any distortion is imperceptible. Similar is true in the case of an
inductive load such as a magnetic transformer used to supply a low-voltage halogen lamp. In
this case, the load current may drop to zero after the mains voltage zero-crossing point.

However, in the case of a light capacitive or non-linear load such as an
electronic LED (light-emitting diode) driver or converter, the situation is more complex.
Various undesirable issues may arise, for example missing cycles, a sudden change in output
voltage or current, irregular AC switch turn-off at the end of a mains cycle, etc., and lead to
unacceptable system performance. The type of problem will depend to a large extent on the
nature of the load, the source impedance, the AC switch triggering method and various other
circuit parameters.

A simple workaround for such an unacceptable performance is to add an extra load,
commonly referred to as a 'bleeder’, 'minimum load' or 'dummy load', to ensure correct AC
switch commutation. A bleeder circuit assists dimmer operation by making up any difference
between the load current and latching/holding currents, and by compensating the reactive
nature of the load. Bleeders can be either linear or non-linear, and can comprise electronic
circuitry with various levels of complexity. An advantage of linear bleeders is in their
simplicity and low cost, but they produce a relatively significant amount of heat, typically 25
— 60 W, which can be a problem in some applications. Maintenance costs may also be
significant, for example when an incandescent lamp with limited lifetime is used as the extra
load. The prior art bleeders use the voltage or current at the dimmer output, so that the
bleeder is realized on the load side of an arrangement comprising dimmer, load and bleeder.
Usually, the prior art bleeder circuits are physically incorporated in the load, so that the

dimmer itself is an entity that is electrically connected to but physically separate from the
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combined load and bleeder. This adds to complexity and cost in the design and manufacture
of dimmable electrical appliances. Such dimmer circuit is for instance described in
US2011/0291583. This dimmer circuit comprises a dimmer between AC mains and a rectifier.
A DC signal is provided to a load. Between the rectifier and the load a bleeder and a phase
detect circuit is provided. The phase detect circuit detects a phase angle of the rectified output
signal generated by the dimmer. A programmable micro controller is coupled to the phase
detect circuit and also receives the output signal generated by the dimmer. The micro
controller generates a control signal to turn on/off the bleeder.

Design of a non-linear bleeder, also known as an 'active load’, is based on the
premise that extra load is needed only when the AC switch current drops below a holding
current level. Compared to a linear bleeder, a functionally equivalent active load can reduce
power dissipation by an order of magnitude. Active loads are generally also maintenance-free.
However, active loads are significantly more complex and therefore more expensive than
their linear counterparts. Another type of a non-linear bleeder is the 'switched resistor
bleeder', which performs better than a linear bleeder and is less complex than an active load.
A switched resistor bleeder effectively switches a power resistor across the dimmer output
when the mains voltage drops below a certain threshold level. The extra load is added to the
output of the dimmer only when it is needed, so that the overall power dissipation is less
when compared to a linear bleeder. Even though a switched resistor is relatively simple in
construction, it typically dissipates more power than a functionally equivalent active load.

Light-emitting diodes (LEDs) are becoming more widespread, and are being
used more often to replace incandescent and halogen light sources. Many of the LED lamps
available on the market today are retrofit for existing incandescent lamps. Because of its
higher luminous efficiency, the power of an LED light source is only about one fifth of that
of an equivalent incandescent lamp, so that an LED lamp can be regarded as a 'light load',
whereby the term 'light' refers in this context to its low power consumption (in contrast to an
incandescent lamp such as a 70 W light bulb which may be regarded as a 'heavy' load).
However, when only a few such low-power LED lamps are controlled by a dimmer, the low
power consumption typically results in latching issues at both ends of the mains half cycle.
For example, an AC switch of the dimmer may 'overshoot', i.e. it may continue to conduct
beyond the voltage zero-crossing point. Such an overshoot is undesirable since it may be
perceived as annoying lamp flicker and can generate an undesirable DC current in the load
and consequently also in the mains. Furthermore, an LED lamp generally always requires

some kind of electronic driver. A part of every LED driver is a power converter, usually a
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switched-mode power converter, so that an LED lamp is effectively a non-linear load.
Therefore, from the point of view of a dimmer, an LED lamp effectively presents a 'light non-
linear load'.

Therefore, it is an object of the invention to provide an improved way of

dimming a light non-linear load, avoiding the problems mentioned above.

SUMMARY OF THE INVENTION

The object of the invention is achieved by the bleeder circuit of claim 1; by the
dimmer of claim 12; by the electrical appliance of claim 13; and by the method of claim 15.

According to the invention, the bleeder circuit is realized for use in a dimmer
that comprises a main AC switch for switching a supply voltage to a light non-linear load,
which bleeder circuit comprises a bleeder load realized to provide operational assistance to
the main AC switch, and which bleeder circuit comprises bleeder load-enabling means. The
bleeder load-enabling means are dependent of a switching signal of the main AC switch. The
term 'bleeder load' is to be understood in its accepted and established context, i.e. a load that
is used to provide extra current where needed. In the context of claim 1 of the invention,
therefore, the bleeder load is used to provide extra current that assists the operation of the
main AC switch, i.e. to ensure that the dimmer's main AC switch can commutate correctly.
Since a bleeder load also serves to dissipate power, it may also be referred to as a ‘power
dissipative device'.

The switching signal of the main AC switch is to be understood as a signal that
is only used internally in the dimmer, in contrast to a signal such as a dimmer output voltage
or current that may be used by an external device. The switching signal of the main AC
switch is therefore an 'internal' switching signal and is effectively unavailable to any external
device such as a load connected across the output of the dimmer.

In the context of the present invention, the term 'light non-linear load' is to be
understood as a load that dissipates only a small amount of power, and which appears non-
linear from the point of view of the dimmer. For example, as mentioned in the introduction,
the LED(s) of an LED-based lamp dissipate only a small amount of power, and its electronic
driver causes the lamp to be 'seen' by a dimmer as a non-linear load. Other appliances may
fall under the category of 'light and non-linear', for example a small electric motor of a hand-
held appliance. Here and in the following, the terms 'light non-linear load' and 'load’ may be
used interchangeably. The term 'load' is to be understood as an electrical device that is

dimmable in the sense described above, i.e. for operation at a lower than rated power level,
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and should not be confused with the term 'active load', which is another term that for 'bleeder
circuit'. The term 'main AC switch' is to be understood as the dimmer's AC switch, i.e. the
AC switch usually used in a dimmer such as a leading-edge dimmer. The terms 'main AC
switch' and 'dimmer AC switch' may therefore be used interchangeably in the following. The
'main AC switch' can comprise any component such as a triac, alternistor, or anti-parallel
connected SCRs etc., such as are used in a conventional leading-edge dimmer.

An advantage of the bleeder circuit (or just 'bleeder’) according to the
invention is that the bleeder load is enabled or activated on the basis of the internal switching
signal of the main AC switch. In other words, only an internal signal of the dimmer is
required to control the bleeder, and the bleeder can therefore be advantageously realized
entirely on the dimmer side of an arrangement comprising dimmer, non-linear load and
bleeder. This is in contrast to prior art active-load bleeders, which are dependent on the
voltage or current at the dimmer output, and which therefore require that the bleeder is
realized on the load side of the arrangement. As already mentioned, the prior art bleeder
circuits are incorporated in the load (for example as part of an LED lighting arrangement that
is connected to the output of a separate dimmer), so that the dimmer itself is an entity that is
electrically connected to but physically separate from the combined load and bleeder. In
contrast, the entire bleeder circuit according to the invention can be integrated into the
dimmer, thus reducing the overall installation costs and complexity since there is no longer
any need for external components between the dimmer and the light non-linear load. An
advantage of using a signal such as the dimmer's main AC switch trigger signal instead of a
dimmer output voltage signal is that the bleeder load of the bleeder circuit according to the
invention can be perfectly synchronized with the dimmer's AC switch. This also greatly
reduces the complexity of the bleeder circuit.

According to the invention, the dimmer comprises such a bleeder circuit,
wherein the bleeder circuit is incorporated into the dimmer.

An advantage of the dimmer according to the invention is that the level of
complexity of the bleeder circuit portion is relatively low, so that the combined
dimmer/bleeder can be manufactured at relatively low cost and can be used in conjunction
with any type of light non-linear load. The load itself therefore does not need to be designed
to already incorporate a bleeder. Furthermore, the dimmer according to the invention can also
be used in conjunction with a linear load (e.g. an incandescent lamp) without any detrimental

effect on its operation.
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According to the invention, the electrical appliance comprises a light non-
linear load and a dimmer according to the invention, arranged across the light non-linear load,
wherein the electrical appliance comprises any of a lighting arrangement, an electric motor,
an electric valve, an electromagnet, etc.

An advantage of such an appliance, as indicated above, is that the load itself
does not need to be designed to incorporate a bleeder, but can simply be connected to a single
device that incorporates both dimmer and bleeder circuitry.

According to the invention, the method of dimming a light non-linear load
comprises the steps of connecting a dimmer between a supply voltage and the light non-linear
load, which dimmer comprises a main AC switch for switching the supply voltage to the light
non-linear load; providing operational assistance to the main AC switch by a bleeder load of
a bleeder circuit; and enabling the bleeder load on the basis of a switching signal of the main
AC switch.

The dependent claims and the following description disclose particularly
advantageous embodiments and features of the invention. Features of the embodiments may
be combined as appropriate. Features described in the context of one claim category can
apply equally to another claim category.

In the following, but without restricting the invention in any way, it may be
assumed that the load is to be used from a mains power supply or household power supply.
The terms 'power supply’, 'mains' or 'household power' are all to be understood to mean a
mains power supply such as a 230 V supply at 50 Hz, or a 120 V supply at 60 Hz, etc.

As mentioned in the introduction, a problem with using a leading-edge
dimmer with a light load is that the voltage at the output of the dimmer may exhibit an
undesirable zero-crossing overshoot. When the light non-linear load is a lamp such as an
LED-based lamp, this overshoot can result in visible and irritating flicker.

In the following, but without restricting the invention in any way, it may be
assumed for the purposes of illustration that the light non-linear load comprises an appliance
or device such as an LED-based lamp with one or more LEDs. Of course, any other suitable
low-power device may be used as a load across the output of a dimmer that incorporates the
bleeder circuit according to the invention.

In the context of the present invention, the term 'main load current' is to be
understood as the current drawn by the light non-linear load during operation. The term
'holding current' is to be understood as the minimum current required to ensure that the

dimmer's main AC switch remains in a conductive state.
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Usually, a leading edge dimmer operates by using a trigger signal such as a
short pulse to trigger the dimmer's AC switch, allowing it to start conducting. The dimmer's
AC switch will then effectively remain in the conductive state for the rest of that half-cycle.
It is not until the end of the half-cycle that the dimmer's AC switch requires assistance in
order to commutate properly and avoid overshoot. The bleeder load could be realized to work
with such a trigger pulse. However, since the trigger pulse may appear at any time, at least in
the first quarter of a mains cycle, the realization of the bleeder load may require complex
circuitry to ensure that it only provides operational assistance, i.e. extra current, near the end
of the half-cycle. Therefore, in a particularly preferred embodiment of the invention, the
bleeder circuit comprises bleeder load-enabling means realized to enable the bleeder load,
and wherein the bleeder load-enabling means are switched on the basis of the switching
signal of the main AC switch. The bleeder load-enabling means can be any component or
circuit that can be controlled to enable the bleeder load to provide its operational assistance
when needed.

The bleeder load can be realized in any suitable manner using appropriate
components. For example, one embodiment of a bleeder load could comprise a power
dissipative device that is enabled using a circuit comprising a transistor such as a MOSFET
within a diode bridge. However, such a switch topology may require complex drive circuitry
and may add considerably to the overall cost of the bleeder circuit. Therefore, in a
particularly preferred embodiment of the invention, the bleeder load-enabling means
comprise an AC switch. To avoid confusion with the main or dimmer AC switch, the AC
switch of the bleeder circuit is referred to as the 'auxiliary AC switch' in the context of the
invention.

In a particularly preferred embodiment of the invention, the auxiliary AC
switch and bleeder load are realized to provide operational assistance, i.e. additional current,
when a load current of the light non-linear load drops below a holding current level of the
main AC switch. In this way, the undesirable zero-crossing overshoot of the output voltage
(i.e. the voltage to the light non-linear load) can essentially be eliminated. This ensures that
the bleeder circuit essentially only makes up for the difference between the load current and
holding current of the main AC switch in order to keep the main AC switch conducting until
the end of a supply voltage half cycle.

As mentioned above, the auxiliary AC switch can be switched on the basis of a
switching signal of the main AC switch. Preferably, the trigger signal to the auxiliary AC

switch is derived from the trigger signal of the dimmer's main AC switch. In this way, the
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bleeder load can be advantageously synchronized to the main AC switch. The main AC
switch trigger is usually generated by converting an input signal such as the position of a
dimmer knob into a trigger pulse that is issued to coincide with an appropriate phase angle of
a mains half-wave. Each mains voltage half-wave is effectively 'cropped' by the dimmer's
switching signal, i.e. if the load is to be dimmed, each mains voltage half-wave is suppressed
until the dimmer's switching signal appears. Since the dimmer's switching signal effectively
triggers the main AC switch, it is referred to here as the 'main trigger signal'. If the load is to
be dimmed only slightly, for example, the main trigger signal will appear close to the start of
the mains half-wave. More dimming is obtained by timing the main trigger signal to appear
later in the cycle, i.e. later in a half-wave of the AC mains supply. The highest diming level is
achieved when the main trigger signal approaches the end of the mains half-wave. If the light
non-linear load is a lamp, for example, the 'highest dimming level' results in the lowest light
output level that can be achieved for that lamp.

The main trigger signal acts to 'enable’ the desired remaining portion of the
mains voltage half-wave, as described above. The relevant property of the main trigger, from
the point of view of the auxiliary AC switch, is its leading edge, since this indicates the
beginning of the conductive state of the main AC switch. However, the leading edge of the
main trigger signal can appear essentially at any time during a mains half-cycle, but
operational assistance is only required towards the end of the half-cycle. In one preferred
embodiment of the invention, the bleeder circuit could comprise some means for converting a
short trigger pulse (of the type generally used in prior art leading edge dimmers) into a signal
that can be used to enable the bleeder load during the critical time towards the end of a mains
half-cycle. Therefore, in a preferred embodiment of the invention, the bleeder circuit
comprises a trigger circuit that is realized to convert the main trigger signal into a pulse to
trigger the bleeder load-enabling means, for example an auxiliary AC switch. However, in a
particularly preferred embodiment of the invention, the trigger circuit is realized to operate in
conjunction with a main trigger signal whose leading edge indicates the beginning of the
conductive state of the main AC switch, and whose trailing edge indicates the beginning of
the critical time in which operational assistance is required. Such a more 'useful’ main trigger
signal can be generated relatively easily by the relevant control circuitry of the dimmer, and
ensures that the bleeder circuit can use the relevant information provided by the main trigger
signal to enable the bleeder load so that it can provide operational assistance exactly when
required, and synchronously to the mains cycle. In a preferred embodiment of the invention,

the trigger circuit comprises a differentiator circuit for deriving an bleeder load-enabling
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means trigger pulse from the main trigger's trailing edge. In other words, the differentiator
converts the trailing edge of the main trigger into a pulse to trigger the bleeder load-enabling
means, for example an auxiliary AC switch. In the following, for the sake of simplicity, it
may be assumed that the bleeder load-enabling means comprises an AC switch, referred to
simply as the 'auxiliary AC switch'.

The 'output' of the differentiator circuit will take some time to settle,
depending on the size or capacity of the components used. To ensure that this part of the
bleeder circuit always performs correctly, in a preferred embodiment of the invention the
trigger circuit comprises a diode for reducing the time it takes for the differentiator to 'reset'.
The diode acts to discharge a capacitor of the differentiator when the auxiliary AC switch
trigger signal goes low, and to prepare or reset the differentiator in readiness for the next
input, for example the main AC switch trigger signal. The diode effectively avoids a negative
bias on an LED of the optotriac while discharging the capacitor.

Equally, the auxiliary AC switch trigger signal can be supplied from an
external source such as an external control circuit that provides the trigger signal for the
auxiliary AC switch, for example in the form of a pulse-width modulated signal. Here, the
term 'external control circuit' is to be understood as not being incorporated directly into the
dimmer. Such an external control circuit can deliver the auxiliary AC switch trigger signal as
a direct control input to the auxiliary AC switch, so that the auxiliary AC switch is switched
to enable the bleeder load. Such an auxiliary AC switch trigger signal may also be regarded
as an internal switching signal of the dimmer, since it is only used internally by the dimmer
and is not available to an external device such as a load connected across the outputs of the
dimmer.

Generally, the main AC switch trigger signal will originate from a relatively
low DC voltage rail supplied by a driver circuit of the dimmer, for example froma 12 V DC
rail. Equally, if an external controller is used to supply an auxiliary AC switch trigger signal,
this may be supplied from such a low voltage DC rail. On the other hand, the bleeder load is
connected to the AC supply voltage side of the dimmer. Therefore, in a preferred
embodiment of the invention, the auxiliary AC switch is realized to provide galvanic
isolation between the trigger circuit and the bleeder load, thus keeping the 'DC side' separate
from the 'AC side' and ensuring that current cannot flow between these circuit portions. To
this end, in a particularly preferred embodiment of the invention, the AC switch comprises an
optotriac. Such an optotriac is preferably chosen to have a high dV/dt rating in order to avoid

spurious triggering around a voltage zero crossing point.
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In normal operation, the voltage across the bleeder load is in the order of 10 -
15% of mains voltage. However, if the auxiliary AC switch misfires or fails, the bleeder load
could temporarily or permanently be exposed to full mains voltage. If the bleeder load is
based on the use of a linear resistor, the power dissipation in the bleeder load may be subject
to a 100-fold increase, since it is proportional to the square of the voltage applied across the
resistor. Such a large increase in power dissipation can cause permanent damage to the
bleeder load and therefore also to the bleeder circuit. To prevent such damage, protective
circuitry is required, which may however be complex and expensive. Therefore, in a
preferred embodiment of the invention, the bleeder load comprises a limited power device.
An example of a preferred embodiment of the bleeder circuit in that case might comprise a
bleeder load with one or more positive temperature coefficient (PTC) thermistors. For
example, the bleeder load can comprise several PTC thermistors in parallel. The use of a PTC
thermistor instead of a linear resistor is preferred as it improves safety in the case of misfiring
or failure of the auxiliary AC switch. A PTC thermistor is preferably chosen to provide self-
limiting dissipation. When exposed to mains voltage, the PTC thermistor's resistance rapidly
increases and reaches a balance at a well-defined and safe level as regards to power
dissipation and temperature increase. Another advantage is that in the case of a transient
disturbance, normal operation of the dimmer can continue as soon as the thermistor has
cooled down .This embodiment of the bleeder may be regarded as a variant of a switched-
resistor bleeder that is designed specifically to assist the main AC switch to turn off when a
light non-linear load is connected to the output of the dimmer.

During operation of the load and dimmer, brief unexpected voltage surges may
be passed from a load voltage input to the bleeder circuit. Such glitches or transients can
damage sensitive circuit components. Therefore, in a preferred embodiment of the invention,
the bleeder circuit comprises a transient suppressor arranged to protect the auxiliary AC
switch, for example an optotriac, from voltage transients.

The bleeder circuit according to the invention is preferably realized for use
between a mains power supply and a light load, which light load is realized to dissipate any
quantity of power between 0 W and a rated load of the dimmer. For example, with a suitable
choice of components for the bleeder circuit according to the invention, a dimmer can be
realized that can be used to dim a low power load such as a lighting unit comprising one or
more of the very efficient low-power LEDs that are being developed and manufactured at
present. In a preferred embodiment, the bleeder circuit can be realized for use in a dimmer

that can be operated off a housechold power supply.
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In a preferred embodiment of the invention of the dimmer according to the
invention, the dimmer comprises a means for generating a main trigger signal whose leading
edge indicates the beginning of the conductive state for the main AC switch, and whose
trailing edge is timed relative to the end mains half-cycle to indicate the region in which
operational assistance is required by the bleeder circuit according to the invention. This
allows a particularly straightforward design of the bleeder circuit, since the trailing edge of
the main trigger signal can be relatively easily converted into a signal that can be used to
enable the bleeder load during the critical time towards the end of the half-cycle.

Other objects and features of the present invention will become apparent from
the following detailed descriptions considered in conjunction with the accompanying
drawings. It is to be understood, however, that the drawings are designed solely for the

purposes of illustration and not as a definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1 shows voltage signals and a main trigger for a leading-edge dimmer;

Fig. 2 shows output voltage and load current waveforms resulting from a prior
art leading edge dimmer;

Fig. 3 illustrates the relationships between dimmer-relevant voltage and
current levels;

Fig. 4 shows a prior art dimmer and active load arrangement;

Fig. 5 shows a dimmer according to a first embodiment of the invention;

Fig. 6 shows a dimmer according to a second embodiment of the invention;

Fig. 7 shows various trigger pulses generated by embodiments of a bleeder
circuit according to the invention;

Fig. 8 shows signals of the bleeder circuit according to an embodiment of the
invention.

In the drawings, like numbers refer to like objects throughout. Objects in the

diagrams are not necessarily drawn to scale.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Fig 1 shows simplified voltage signals LINE, Vy and a trigger T3, for a prior
art leading-edge dimmer using an AC switch such as a triac. For simplicity, the diagram
shows signals that correspond to phase-controlled dimming of a resistive load. The diagram

shows the relationship between the trigger timing and the output voltage Vi that is passed to
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a load connected to the output of the dimmer. In phase control, a trigger pulse T3 (shown
here as an active-high pulse) can be applied at any point, or phase angle, of the AC supply
voltage LINE to enable control of current supplied to the load. The output voltage Vi of the
dimmer is zero until the trigger pulse T3 appears. The dimmer's AC switch starts conducting
as soon as the trigger pulse T3 is applied, so that a portion of the mains supply cycle can be
applied across the load. In this type of dimmer, the leading edge of the trigger pulse Tsg is the
event that marks the beginning of the conducting state of the dimmer's AC switch. The load
current must exceed a latching current level 201 before the end of the trigger pulse T3 to
keep the dimmer's AC switch in a conducting state after the trigger pulse T3y ends, thereby
defining a minimum pulse duration for the trigger pulse Tzo. Once latched, the dimmer's AC
switch will stay in a conductive state until the load current drops below a holding current
level 202 of the AC switch. Between these times, the remainder of the mains voltage half-
cycle appears at the dimmer output (i.c. at the input to the load connected to the dimmer).
Latching current and holding current values are specific for each AC switch. Ideally, the AC
switch should not commutate before the point indicated by the arrow, i.e. the zero-crossing
point ZC of the mains half cycle.

Fig. 2 shows output voltage and load current waveforms Vi, Iy, resulting from
a prior art leading edge dimmer when used with a non-linear load such as an electronic
driver/converter. Here, the problem of overshoot — commutation after the zero-crossing point
of the mains half-cycle — is clearly shown in the circled regions of the output voltage
waveform. The lamp current waveform has a distinctive peak which coincides with the AC
switch triggering event. This peak is caused by charging the capacitors in the lamp driver and
helps to latch the AC switch. After the capacitors are charged, the current drops to a much
lower level and stays there until the AC switch turns off. However, owing to various factors
such as inductor/capacitor filter characteristics, load capacitance and AC switch
characteristics, the AC switch continues to conduct beyond the voltage zero-crossing point.
This 'overshoot' is undesirable as it can lead to distortion of the dimming curve and visible
flicker on the lamp.

Fig. 3 shows voltage and current waveforms Vi, Iy, for an appliance presenting
a resistive load such as an incandescent lamp, and the latching and holding current levels 201,
202 for a main AC switch of a conventional leading-edge dimmer. The diagram only shows a
portion of a full cycle. The current I drawn by the resistive load is easily large enough to
hide the distortion caused by the difference between load current Ir, and holding current 202.

However, if such a dimmer is used with a light, non-linear load, the difference between load
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current and holding current 202 will result in the distortion described in Fig. 2 above. Ideally,
an active load should only make up for the difference between a main load current and the
holding current 202 in order to keep the AC switch conducting until the end of a mains half
cycle, for example during the shaded area shown in the diagram. A conventional bleeder is
connected at the output of a conventional dimmer, and must rely on a dimmer output voltage
as a control parameter in order to determine when to switch its bleeder load 'on' or 'off', as
illustrated in Fig. 4, which shows a simplified circuit diagram of a prior art embodiment
comprising a known switched-resistor bleeder. Here, a bleeder 100 and a dimmer 101 are
realized effectively as separate entities. A load L is connected at the output of the dimmer
101. The main difference between this arrangement and the inventive dimmer is that the
switched resistor bleeder 100 uses the dimmer output voltage as control parameter for
enabling a load resistor Rroap. As long as the dimmer output voltage is below a threshold
defined by a divider Rprvi, Rprv2 and the reference voltage Vrer, a comparator 103 switches a
transistor 104 on, thereby enabling the load resistor Rroap. When the dimmer output voltage
exceeds the threshold, the transistor 104 is switched off. Another difference is that this prior
art arrangement requires a DC switch comprising a diode bridge 102 and the transistor 104 to
control the current through the load resistor Rroap. This circuitry is more complex and
expensive than the inventive circuit.

The bleeder circuit according to the invention provides an improved means of
dimming, particularly when used with a light non-linear load, as will be explained in the
following:

Fig. 5 shows a dimmer 2 according to a first embodiment of the invention. The
dimmer 2 comprises circuitry that incorporates an embodiment of a bleeder 1 according to
the invention. A load L can be connected across the dimmer output, so that the dimmer 2,
together with the bleeder 1, is effectively arranged between the mains power supply LINE
and the load L. The dimmer circuitry 2 comprises various elements 20, 21, 22 in an
arrangement that will be known to the skilled person, using a main AC switch 20 such as a
triac 20 to regulate the voltage supply Vi to the load L; an optotriac 21 to provide galvanic
isolation between a DC circuit portion delivering a main AC switch trigger signal and an AC
circuit portion; a fuse 22 to protect the dimmer from a current surge, etc. The dimmer 2
comprises a driver (not shown here) that delivers the main AC switch trigger Ty that
determines the level of dimming. The bleeder 1 is arranged in this embodiment of the
invention between the main trigger signal T, and the dimmer output. The bleeder 1

comprises a trigger circuit 12, an auxiliary AC switch 10, and a bleeder load 11, in this case a
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limited power bleeder load 11. The main trigger Ty 1S an active-low signal whose trailing
edge is converted by the trigger circuit 12 — in this case a differentiator 12 — into a trigger
pulse T that triggers the AC switch 10. Here, the AC switch 10 is an optotriac 10. The
bleeder load 11 is a PTC switched-resistor component comprising several thermistors in
parallel. To avoid damage owing to spikes when the main AC switch 20 is turning on, a
transient voltage suppressor 13 is arranged in parallel with the optotriac 10.

The 'output’ of the differentiator circuit 12 will take some time to decay,
depending on the size or capacity of the components used. To ensure that this part of the
bleeder circuit 1 always performs correctly, the trigger circuit 12 comprises a diode 120 for
reducing the time it takes for the differentiator circuit 12 to 'reset’. The diode 120 acts to
discharge a capacitor of the differentiator 12 when the main trigger signal T goes low and to
prepare or reset the differentiator 12 in readiness for the next main trigger signal Ty, from
which the auxiliary trigger signal Ty is derived. The diode 120 effectively avoids a negative
bias on an LED of the optotriac 10 while discharging the capacitor. The diode 120 can
effectively reduce the reset time by half. While a longer reset time may be acceptable, a
shorter reset time provides more margin in the case of an excessively high mains supply
frequency, e.g. when power is supplied by a small electric generator.

Fig. 6 shows a dimmer 2 according to a second embodiment of the invention.
Here, the circuitry is largely the same as in Fig. 4, but the trigger pulse Ty to the optotriac 10
is provided by control circuitry (not shown here), external to the bleeder circuit and internal
to the dimmer. For example, the same circuitry of the dimmer that is used to generate the
main trigger Ty can also be used to generate the trigger pulse Tyo. One realization could
foresee the inclusion of a trigger circuit (such as that described in Fig. 5) into a dimmer
circuitry portion, so that after it has generated the main trigger Ty, this can be used to
generate the auxiliary AC switch trigger pulse To.

Fig. 7 shows various signals arising in embodiments of a bleeder circuit 1 and
dimmer 2 according to the invention. A 'cropped' mains half-cycle Vi is shown, along with a
main trigger signal Ty (in this case, an active-low signal) whose leading edge is responsible
for switching the main AC switch 20 of the dimmer 2. The trailing edge of the main trigger
signal Ty is converted into the auxiliary AC switch trigger Tjo used to trigger the auxiliary
AC switch 10 in order to enable the bleeder load 11. An active-low version of a shorter main
trigger signal Ts as used in the prior art leading edge dimmer and described in Fig. 1 is
shown for comparison (dotted line). The auxiliary AC switch trigger Tio can have been

generated by the differentiator 12 of Fig. 5. Otherwise, an auxiliary AC switch trigger Tjo can
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have been provided by an external controller, as described in Fig. 6, that can ensure that the
auxiliary AC switch trigger Ty is provided at the critical portion towards the end of the half-
cycle, when the load current may fail to meet the holding current level of the main AC switch
20.

Fig. 8 shows signals measured during operation of the bleeder circuit of Fig. 5.
Here, the trigger signal T;o generated by the differentiator 12 triggers the auxiliary AC switch
10, which is realized using an optotriac 10. The resulting brief current spike I;¢ through the
optotriac 10 essentially coincides with the auxiliary AC switch trigger T, and results in a
current I;; through the PTC resistors of the bleeder load 11. This additional current I;;
provides operational assistance to the dimmer's main AC switch 20, so that overshoot is
prevented when the dimmer is used with a light non-linear load.

Although the present invention has been disclosed in the form of preferred
embodiments and variations thereon, it will be understood that numerous additional
modifications and variations could be made thereto without departing from the scope of the
invention.

For the sake of clarity, it is to be understood that the use of "a" or "an"
throughout this application does not exclude a plurality, and "comprising”" does not exclude

other steps or elements.
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CLAIMS:

1. A bleeder circuit (1) realized for use in a dimmer (2) comprising a main AC
switch (20) for switching a supply voltage (LINE) to a light non-linear load (L), which
bleeder circuit (1) comprises a bleeder load (11) realized to provide operational assistance to
the main AC switch (20), wherein the bleeder circuit (1) comprises bleeder load-enabling
means (10) and wherein the bleeder load-enabling means (10) are dependent of a switching

signal (T,0) of the main AC switch (20).

2. A bleeder circuit according to claim 1, wherein the bleeder load-enabling
means (10) are switchable on the basis of the switching signal (T2o) of the main AC switch

(20).

3. A bleeder circuit according to claim 2, wherein the bleeder load-enabling

means (10) comprise an AC switch (10).

4. A bleeder circuit according to any of the preceding claims, realized to provide
operational assistance to the main AC switch (20) when a load current (I1) of the light non-

linear load (L) drops below a holding current level (202) of the main AC switch (20).

5. A bleeder circuit according to any of the preceding claims, comprising a
trigger circuit (12) realized to derive an bleeder load-enabling means trigger signal (T;o) from

the main AC switch trigger signal (Ty).

6. A bleeder circuit according to claim 5, wherein the trigger circuit (12)
comprises a differentiator circuit (12) for generating the bleeder load-enabling means trigger

signal (T}o).

7. A bleeder circuit according to any of the preceding claims, wherein the bleeder
load-enabling means trigger signal (Tj¢) is derived from a trailing edge of the main AC

switch trigger signal (Tyo).
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8. A bleeder circuit according to any of the claims 2 to 7, wherein the bleeder

load-enabling means (10) comprises an optotriac (10).

9. A bleeder circuit according to any of the preceding claims, wherein the bleeder

load (11) comprises a number of positive temperature coefficient thermistors (110).

10. A bleeder circuit according to any of the preceding claims, comprising a

transient suppressor (13) for protecting the auxiliary AC switch (10) from voltage transients.

11. A bleeder circuit according to any of claims 1 to 10, realized for use between a
mains power supply and a light non-linear load (L), which light non-linear load (L) is

realized to dissipate any quantity of power between 0 W and a rated load of the dimmer (2).

12. A dimmer (2) comprising a bleeder circuit (1) according to any of claims 1 to

11, which bleeder circuit (1) is incorporated into the dimmer (2).

13. An electrical appliance comprising a light non-linear load (L) and a dimmer (2)
according to claim 12 arranged to supply a mains voltage (LINE) to the light non-linear load
(L), wherein the electrical appliance comprises any of a lighting arrangement (L), an electric

motor (L), an electromagnet (L), an electric valve (L).

14. An electrical appliance according to claim 13, wherein the electrical appliance
is an LED lamp, and the light non-linear load (L) comprises an LED lighting arrangement

with one or more light-emitting diodes.

15. A method of dimming a light non-linear load (L), which method comprises the
steps of

- connecting a dimmer (2) between a supply voltage (LINE) and the light non-
linear load (L), which dimmer (2) comprises a main AC switch (20) for switching the supply
voltage (LINE) to the light non-linear load (L);

- enabling a bleeder load (11) on the basis of a switching signal (T,¢) of the

main AC switch (20) to provide operational assistance to the main AC switch (20).
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