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57 ABSTRACT

In an example embodiment, a controller generates a switch
signal for controlling a switch to convert an input signal from
a phase cut dimmer into a driving signal for a solid state
lighting element. The controller determines a conduction
period of the input signal from the phase cut dimmer within a
halfcycle period of the input signal, determines a burst period
within the conduction period is a period of time less than the
conduction period, and generates a switch signal comprising
a plurality of switching cycles over the burst period. The
switch signal has first and second subsets of switching cycles.
The controller controls the switching cycles of the second
subset such that the average energy transferred per switching
cycle to the driving signal is less than the average energy
transferred per switching cycle to the driving signal for the
switching cycles of the first subset.

15 Claims, 5 Drawing Sheets
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SWITCHING POWER SUPPLY
CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority under 35 U.S.C. §119
of European patent application no. 13197875.1, filed on Dec.
17,2013, the contents of which are incorporated by reference
herein.

This invention relates to a switching power supply control-
ler and a dimmable solid state light driver controller for use
with a phase cut dimmer. It also relates to a dimmable solid
state light driver using said controller and a solid state light
including said driver.

Mains dimmable solid state light or LED drivers typically
include a switching power supply and may be of single stage
type or dual stage type. Single stage drivers can be con-
structed in a cost-effective as they employ a single high-
voltage switching element and a single inductor for receiving
the energy to be applied to the load. It will be appreciated by
those skilled in the art that for a driver to be controlled by a
phase-cut dimmer, a plurality of requirements must be satis-
fied. Thus, it is common for known high-performance exist-
ing dimmable LED drivers to be based on a dual stage con-
cept, in which the first stage takes care of shaping the input
current from the phase cut dimmer for a good power factor
and optimal loading of the phase-cut dimmer. The power
converted by the first stage is then stored in an intermediate
storage capacitor. The second stage takes care of driving the
LED load with a constant output power. Due to this decou-
pling, the first stage and the second stage can be optimized
independently. In particular, a disturbance in the waveform
from the dimmer, or some irregularity in operation of the first
stage, does not result in disturbance of the light output. For a
single stage switching power supply solid state light driver,
precise control of the light output is more difficult.

According to a first aspect of the invention we provide a
switching power supply controller, the controller configured
to generate a switch signal for controlling a switch to convert
an input signal from a phase cut dimmer into a driving signal
for a solid state lighting element, wherein the controller is
configured to;

determine a conduction period of the input signal from the

phase cut dimmer within a half cycle period of the input
signal;

determine a burst period within said conduction period

comprising a period of time less than said conduction
period;

generate a switch signal comprising a plurality of switch-

ing cycles over the burst period, the switch signal com-
prising a first subset of switching cycles and a second
subset of switching cycles, wherein the controller is
configured to control the switching cycles of the second
subset such that the average energy transferred per
switching cycle to the driving signal is less than the
average energy transferred per switching cycle to the
driving signal for the switching cycles of the first subset.

This is advantageous as the controller has been found to be
able to control the switching power supply such that a pre-
cisely controlled energy transfer in a fine granularity to the
solid state light element is achieved. Such fine granularity is
particularly important for smooth operation at low brightness
levels where the number of switching cycles is small. Also,
for a stable light output, this configuration may allow the
sensitivity of the brightness control to be substantially con-
stant over the possible brightness settings. This controller is
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particularly suited to use with a single stage switching power
supply, although it may be used with a dual stage supply. The
input signal from a phase cut dimmer will have conduction
periods (comprising parts of each half mains voltage wave-
form) in which a mains input is conducted by the dimmer and
non-conduction periods in which the mains input is not con-
ducted. The controller of the invention may be configured to
identify these conduction periods and determine the burst
period, over which the controller is configured to perform
switching of the power supply, accordingly. It has been found
that it is advantageous to perform the switching over a period
less than the conduction period for achieving a reliable energy
transfer to the solid state light. Each switching cycle i.e. the
switching power supply transitioning to the on-state and then
to the off-state, transfers a particular quantity of energy to the
driving signal. The use of a first subset of switching cycles and
a second subset of switching cycles may allow the energy
transferred by the power supply to be controlled with less
granularity, constant sensitivity and consistent response.

The energy transferred per switching cycle can be con-
trolled by controlling the duration of the on-state of the
switching power supply, possibly based on the current flow
during each switching cycle. The switching cycles of the
second subset may be configured to each have a lower energy
transfer to the driving signal than the switching cycles of the
first subset.

The controller may be configured to control the switch
signal such that the energy transferred per switching cycle to
the driving signal is decremented over the switching cycles of
the second subset. This “ramp-down” of the energy of the
switching cycles of the second subset is advantageous. In
some applications a ramp down may assist the phase cut
dimmer to remain in its conduction period rather than stop
conducting earlier than it should.

The second subset may include a plurality of switching
cycles, the duration of said switching cycles controlled such
that the peak current achieved over subsequent switching
cycles in the second subset is reduced over the second subset.
Thus, the controller may be configured to receive a measure
of'the current flow during each switching cycle and the dura-
tion of the cycle is controlled by measuring when the current
flow reaches a peak current threshold. The peak threshold
current may comprise a function of time over the duration of
the second subset or a function of the number of switching
cycles in the second subset.

The controller may be configured to control the duration of
the switching cycles of the first subset by determining when
the current flow during a switching cycle reaches a predeter-
mined maximum peak current. Thus, the first subset may
comprise a plurality of switching cycles each having the
substantially the same energy transfer to the driving signal, as
controlled by the predetermined maximum peak current.

The controller may be configured to reduce the duration of
the on time of the switching cycles of the second subset over
the plurality of switching cycles. The switching cycles of the
first subset may be longer than the switching cycles of the
second subset. Further, the switching cycles of the second
subset may be made decrementally shorter over the second
subset.

The controller may be configured to position the burst
period within the conduction period by a) using a voltage
threshold, wherein the burst period is configured to comprise
a period of time during the conduction period in which the
voltage of the input signal is greater than or equal to the
voltage threshold or b) by using timing information of the
conduction period and positioning the burst period such that
it is temporally spaced from the end of the conduction period
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for a forward phase cut dimmer or spaced from the beginning
of the conduction period for a backward phase cut dimmer.
The controller may be configured to measure the voltage of
the input signal and determine said burst period using a volt-
age threshold, wherein the burst period is configured to com-
prise a period of time during the conduction period in which
the voltage of the input signal is greater than or equal to the
voltage threshold. The voltage threshold may comprise 50
Volts. Ithas been found that starting or ending the burst period
too close to the zero crossing of the conduction period can
detrimentally effect the accuracy of the desired energy trans-
fer to the driving signal. Thus, temporally positioning the
burst period within the conduction period such that the volt-
age of the input signal for the duration of the burst period is
above a voltage threshold is advantageous. As alternative to
voltage sensing, the controller may use information from
phase locked loop that is locked to the mains phase received
by the dimmer with additional information of the timing of
the leading/trailing edge obtained from a timing element. The
timing element may determine the moment of turn-on (for a
forward phase cut dimmer) or moment of turn-off (for a
backward phase cut dimmer).

The controller may be configured to determine an output
power level setting by measurement of the input signal, the
controller configured to generate the switching signal as a
function of the output power level setting. The conduction
angle of the input signal from the phase cut dimmer may be
measured and mapped onto a desired output level or bright-
ness level. Alternatively, the average voltage of the input
signal over the conduction period may be measured. It will be
appreciated that any technique for determining the degree of
dimming of the input signal from the phase cut dimmer may
be used.

The controller may include a feedback arrangement con-
figured to receive a measure of the driving signal and compare
the output power level setting with the measure of the driving
signal and generate an error signal, said error signal used to
control the number of switching cycles and/or the duration of
each switching cycle. The feedback arrangement may pro-
vide improved control of the driving signal in changing con-
ditions, such as temperature conditions or variation in the
value of an inductive element in the switching power supply.

The controller may be configured to determine the number
of switching cycles in the first subset and the number of
switching cycles in the second subset using a function of the
output power level setting or the error signal. The controller
may be configured to control one or more of the number of
switching cycles in the first subset, the number of switching
cycles in the second subset, the energy transferred during
each switching cycles of the first and/or second subset, the
duration of each switching cycle of the first and/or second
subset, the duration of the switching cycles of the first subset
relative to the switching cycles of the second subset, a func-
tion used to determine how the switching cycles of the second
subset are reduced relative to the first subset and how the
switching cycles of'the second subset change over the second
subset. One or more of the variables may be held constant. For
example, the duration of the individual switching cycles of
the first subset may be held constant while the number of
switching cycles may be altered depending on the error signal
or output power level setting.

The controller may have a minimum peak current thresh-
o0ld, the controller configured to control the switch signal such
that the minimum peak current threshold is reached during
each of the switching cycles. Thus, the duration of each
switching cycle may be controlled such that a minimum cur-
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rent flow is detected during that switching cycle. The mini-
mum current threshold may be applied only during the first
subset of switching cycles.

The controller may include a maximum burst period
threshold. Thus, the burst period, comprising the period of
time within a conduction period in which the controller pro-
vides its switching signal, may have a maximum length.

The controller may be configured to start the burst period at
the start of the conduction period when the input signal com-
prises a forward phase cut input signal. Alternatively, the
controller may be configured to temporally align the end of
the burst period with the end of the conduction period when
the input signal comprises a backward phase cut input signal.
Thus, the controller of the present application is configured to
operate with both forward phase cut and backward phase cut
dimmers.

The envelope of the burst period, comprising the change in
energy transferred to the driving signal per switching cycle
over the burst period, may be shaped (by adjusting the dura-
tion of each switching cycle over the burst period) to draw an
input signal having an approximately flat input current. This
is advantageous as this is optimal for providing a hold current
to a forward phase cut dimmer. For example, in case of a
Fly-back or Buck-Boost converter, one may keep the switch-
ing frequency constant while modulating the peak current as
the square root of the rectified sine of the phase of the mains
signal provided to the phase cut dimmer.

The envelope of the burst period and switching frequency
may be shaped to draw a sinusoidal input current that is
optimal for high power factor and low total harmonic distor-
tion. For example, in case of a Fly-back or Buck-Boost con-
verter, one may keep the switching frequency constant while
modulating the peak current as the rectified sine of the phase
of the mains signal. This may result in a substantially sinu-
soidal input current.

The envelope of the burst period and control of the momen-
tary switching frequency may be shaped to achieve a good
power factor while minimizing the size of a converter output
capacitor for certain output ripple. For example, in case of a
Fly-back or Buck-Boost converter, one may keep the switch-
ing frequency constant while modulating the peak current as
the square root of the rectified sine of the phase of the mains
signal. This may result in an output current having the shape
of a rectified sinusoid.

According to a second aspect of the invention we provide a
solid state light driver comprising an input terminal for
receiving an input signal from a phase cut dimmer, a switch-
ing power supply including an inductive element, switching
element and a diode with a pair of output terminals for con-
necting to a solid state light, the driver further including the
controller of the first aspect of the invention for controlling
said switch element.

The switching power supply may comprise a fly-back con-
verter, a buck-boost converter, a buck converter or a boost
converter.

According to a third aspect of the invention we provide a
solid state light comprising the solid state light driver as
defined in the second aspect of the invention and at least one
solid state light element, said driver configured to power said
solid state light element.

According to a fourth aspect of the invention, we provide
anintegrated circuit comprising circuitry embodying the con-
troller of the first aspect of the invention.

There now follows, by way of example only, a detailed
description of embodiments of the invention with reference to
the following figures, in which:
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FIG. 1 shows a diagram of a switching power supply for a
solid state lighting driver, a dimmer and solid state light
element;

FIG. 2 shows a functional block diagram of a controller for
controlling the switching power supply;

FIG. 3 shows a graph of a mapping function used by the
controller;

FIG. 4 shows the form of the input signal from a phase cut
dimmer for a forward phase cut dimmer;

FIG. 5 shows the form of the input signal for a backward
phase cut dimmer;

FIG. 6 shows a detailed view of the switching cycles of a
burst during a first subset and a second subset of the burst;

FIG. 7 shows a second embodiment of the controller shown
in FIG. 2;

FIG. 8 shows example functions for shaping the envelope
of the burst period; and

FIG. 9 shows graphs of the variables Ipk and BurstNfrac
and an example ofhow they may be used to determine the first
and second subsets of the burst.

FIG. 1 shows a solid state light 1 including a driver circuit
2 for providing power to a solid stage light element 3. The
driver circuit 2 is shown, at an input 4, receiving an input
signal from a phase cut dimmer 5. The phase cut dimmer 5
typically acts on an AC mains signal received at mains input
6. The driver circuit 2 also receives the AC mains signal at
mains input 7.

The driver circuit 2 includes a controller 8 configured to
generate a switch signal for controlling a switch 10. The
switch 10 is used in the conversion of the input signal from the
phase cut dimmer 5 into a driving signal for applying to an
output arrangement which, in use, includes the solid state
light element 3. The driver circuit 2 additionally includes a
rectifier bridge 11 for receiving the phase cut input signal at
input 4 and the mains signal at the input 7. The rectifier
provides a rectified phase cut to the remainder of the driver
circuit. The switch 10 controls the flow of the input signal
through an inductive element 12, which, in combination with
a diode 9 and an optional smoothing capacitor 13 forms the
output arrangement. The output arrangement terminates with
output terminals 14a, 145, which provide the connection to
the solid state light element, which in this embodiment com-
prises a plurality of LEDs 15 arranged in series between the
output terminals 14a, 145. The driver circuit 2 is a single stage
driver circuit comprising a single inductive element and a
single capacitor for powering the solid state light element.
The driver circuit 2 also includes an electromagnetic interfer-
ence filter and damper 16 as is conventional in such driver
circuits 2.

The controller 8 includes a switch signal output 17 for
controlling the switch 10. The switch 10 typically comprises
a transistor and the switch signal is applied to a gate of the
transistor. The controller 8 further includes a current sensing
input 18 for detecting current flow through the switch 10 and
therefore through the inductive element 12. A voltage sensing
input 19 provides the controller 8 with a measure of the
voltage at the inductive element 12. An input signal sensing
input 20 is provided (with limiting resistor 21) to enable the
controller 8 to measure properties of the rectified input signal.
The controller 8 may receive a power supply from the filter
and damper 16, although it will be appreciated that it is
appropriate the controller 8 may receive a power supply from
other parts of the arrangement.

FIG. 2 shows a block diagram of the controller 8. The
current sensing input 20 is received by a timing element 30
configured to derive timing information from the rectified
input signal. FIG. 4 shows the form of the input signal from
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6

the phase cut dimmer (prior to rectification) for a forward
phase cut dimmer and FIG. 5 shows the form of the input
signal (prior to rectification) for a backward phase cut dim-
mer. It can be seen that the output of the controller comprises
a switching signal including a plurality of bursts 40, 50 which
themselves comprising a plurality of switching cycles. The
bursts 40, 50 includes a first subset of switching cycles 40a,
50a and a second subset of switching cycles 405, 505. For the
second subset, the peak current during each successive cycle
is reduced over the cycles of the second subset. FIG. 6 shows
the switching cycles (comprising closing and then opening of
the switch 10). Thus, during each switching cycle 60, the
switch 10 is closed (at point 61) and the current through the
inductor 12 increases to a peak current value 62. The switch is
then opened at point 63 and the inductor 12 demagnetises.
After demagnetisation, a subsequent switching cycle begins.

The current sensing input 20 is also received by brightness
control 31. Brightness control 31 is configured to determine
the setting of the dimmer by any appropriate means. The
brightness control 31 may be configured to measure the dim-
mer conduction angle to determine the fraction of each half
cycle of the mains signal the dimmer is conducting. Alterna-
tively, the control 31 may be configured to measure the aver-
age voltage over each half cycle of the mains signal. This
“brightness” signal is used by the controller 8 to determine the
form of the switching signal.

A mapping element 32 receives the brightness signal and,
using a mapping function, the brightness signal is converted
into two parameters: the maximum peak inductor current Ipk
and a signal BurstNFrac. FIG. 9 shows how the BurstNFrac
signal is used in combination with Ipk to provide a burst
having a first subset A of switching cycles and a second subset
B of switching cycles, in which the peak current amplitude
decreases during the second subset. FIG. 9 shows four
examples with different BrustNFrac values and the same Ipk
value. The value Ipk comprises a constant representing the
maximum peak current per switching cycle. BurstNFrac
comprises an initial value of a peak ramp down current value.
The peak ramp down current 90 is initially set at the BurstN-
Frac value and is decremented by a fixed amount each switch-
ing cycle, although it is represented as a continuous linear
function in FIG. 9. Alternatively, BurstNFrac may comprise a
function representing how the peak current should decreases
over the burst. The controller 8 is configured to select the
lower of Ipk and the peak ramp down current value at each
switching cycle to control the peak current for that switching
cycle, as will be explained in more detail below. Accordingly,
the leftmost graph in FIG. 9 shows BurstNFrac at a first value
which causes the peak ramp down current to intersect with
Ipk in between switching cycle 6 and switching cycle 7. Thus,
switching cycles 7 to 10 have a peak current lower than Ipk as
controlled by BurstNFrac. A peak current of Ipk/2 is reached
after eight switching cycles. The second graph has a second,
higher value of BurstNfrac and Ipk/2 is reached after 8.33
cycles. The third graph has a still higher third value of Burst-
Nfrac and Ipk/2 is reached after 8.66 cycles. The rightmost
graph of FIG. 9 shows BurstNFrac at a still higher, fourth
value which causes the peak ramp down current to intersect
with Ipk between switching cycle 6 and switching cycle 7.
Thus, switching cycles 7 to 10 have a peak current lower than
Ipk as controlled by BurstNFrac. A peak current of Ipk/2 is
reached after nine switching cycles. Thus, the value of Burst-
NFrac can be used to control after how many switching cycles
the second subset begins and how steeply the peak ramp down
current decreases. These graphs demonstrate how changes to
BurstNFrac can provide precise control of the energy trans-
ferred over the burst by determining where in the burst the
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first subset ends and the second subset begins. It will be
appreciated that how the BurstNFrac value is determined may
be based on a predetermined mapping, or alternatively, the
controller may determine the average energy per switching
cycle of the second subset to achieve the desired energy
transfer over the burst and then calculate BurstNFrac accord-
ingly.

It will be appreciated that with an integer number of
switching cycles, each cycle having a maximum peak current
flow associated therewith, provides an output signal having a
certain granularity. The BurstNFrac value of the mapping
element 32 is used to reduce this granularity by defining, in
combination with the calculated peak ramp down current, a
number of switching cycles of the total number of switching
cycles during which the peak current flow during each switch-
ing cycle is decremented from the maximum peak current
value Ipk. Thus, the BurstNFrac signal is used to control the
switching signal such that it comprises a first subset of switch-
ing cycles and a second subset of switching cycles. The first
subset of switching cycles comprises a plurality of switching
cycles in which the maximum peak current flow is reached as
detected by the controller 8. The second subset of switching
cycles comprises at least one, but preferably a plurality, of
switching cycles over which the peak inductor current
achieved during each of the switching cycles (as measured by
the controller 8) is sequentially reduced from the maximum
peak current value used during the first subset. This “ramp
down” of the peak current value over a plurality of switching
cycles is advantageous as the controller can control the
energy transterred to the solid state light element 3 with a high
resolution. Thus, the controller 8 is configured to control the
duration of each switching cycle in the second subset such
that a progressively lower peak current is reached during
successive cycles. Configuring the controller 8 to calculate a
first subset of cycles in a burst in which a maximum peak
current is reached during each switching cycle and then a
second subset of cycles in the burst in which the peak current
reached during each cycle is reduced is advantageous and
provides a stable light output. The second subset of cycles
may start once the first subset has ended. Alternatively the
second subset may be switched before the first subset.

The number of switching cycles in the second subset is
determined by BurstNFrac. In other embodiments, the num-
ber of switching cycles in the first or second subsets may be
fixed. The ramp down of the peak current over the switching
cycles of the second subset may be substantially linear. It will
be appreciated that the number of switching cycles in the
second subset and by what function the peak current is
reduced over the second subset may be dependent on the
components the controller is controlling or on brightness
setting or on the performance of the solid state light.

The mapping of the brightness signal may take the form
shown in FIG. 3, which shows a mapped value of BurstNfrac
26 and a mapped value of maximum peak current Ipk 25. FIG.
3 shows that as the brightness signal increases, the BurstN-
Frac mapped value 26 is also increased up, from zero, to a
threshold maximum value. The maximum peak current value
Ipk is shown to have a minimum value (above zero) with
increasing brightness signal, followed by a region in which
the predetermined peak current increases with increase of the
brightness signal. Thus, for low output power the controller 8
will keep a certain minimum of maximum peak current, Ipk.
Using a minimum value of the maximum peak current value
has been found to provide an accurate calculation of the
delivered converter output current. In addition, a properly
chosen minimum value of Ipk will assure that the converter
draws a certain minimum current, which may be required for
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keeping the dimmer 5 conducting and also to achieve a pre-
dictable amount of energy transfer per switching cycle. At
increasing brightness, the effective length of the switching
burst is gradually increased by increasing the BurstNFrac
signal. In case the brightness signal is demanding higher
output power while the burst is at its maximum length, the
mapping unit 5 may increase the maximum peak current Ipk
instead. In particular, the purpose of this maximum is to
assure that the burst does not extend beyond the trailing edge
ofabackward phase cut dimmer or ends too close to the mains
Zero crossing.

The burstNFrac signal is passed to a switch cycle counter
33 for controlling the number of switching cycles in the first
and second subsets of the burst and how the peak current is
reduced over the second subset. The switch cycle counter
counts the number of switching cycles generated by a switch
driver 34. The BurstNFrac value is used to determine the peak
ramp down current. In particular, the burstNfrac value is used
as an initial value of peak ramp down current, which is
decreased by a fixed amount each switching cycle, the fixed
amount corresponding to BurstNFrac/(number of switching
cycles in the burst). The switch cycle counter can thus control
when the second subset starts and the first subset ends. The
maximum peak current value Ipk is passed to a peak current
modulator 35 which is used to set the peak current value for
each cycle. The current modulator 35 also receives a signal
from the burst counter 33 comprising the peak ramp down
current value as calculated by the cycle counter. The current
modulator 35 compares the peak ramp down current value to
the Ipk value and selects the lower of the two. Accordingly,
when the peak ramp down current value is lower than Ipk, the
second subset begins.

A peak current comparator 36 is provided to measure the
peak current from current sensing line 18 and determine when
the current through the inductor 12 reaches the peak current
value set by the peak current modulator 35. The peak current
comparator 36 controls the switch driver 34 to instruct it when
a switch cycle should end i.e. the switch signal instructs the
opening of the switch 10 when the peak current value set by
the current modulator 35 is detected.

The switch driver 34 receives timing information from the
timing element 30 to inform it when a burst should start. The
timing element 30 is configured to determine the start time of
a burst by detecting when the voltage of the rectified input on
line 20 reaches a threshold voltage. It has been found that a
precise energy transfer can be achieved if the voltage of the
input 4 is above a threshold amount when the burst of switch-
ing cycles begins. The voltage threshold may comprise 50
Volts. The switch driver is synchronised with a local oscillator
37. The controller 8 also includes a demagnetisation detector
38, which is configured to determine when the inductive
element 12 has demagnetised after the previous switching
cycle. This is achieved by detecting when the voltage at the
inductor 12, by way of voltage sensing input 19, starts to drop
rapidly i.e. above a threshold rate. When the inductor 12 has
demagnetised, the next switching cycle can begin and thus
demagnetisation detector 38 passes an appropriate signal to
the switch driver 34.

In use, the brightness control 31 determines the setting of
the phase cut dimmer 5 by measuring the waveform received
on line 20. The brightness signal is used by the mapping
element 32 to determine the total number of switching cycles
in a burst, the number of switching cycles in the primary
subset and the maximum peak current value to achieve an
appropriate energy transfer to the solid state light element 3
for the desired brightness signal. The switch driver 34 starts
each burst on instruction from the timing element 30, which
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positions the burst in each conduction period such that a
threshold voltage is present for the duration of the burst, such
as 50 volts, at the input 4. Accordingly, the switch driver
receives a signal to begin the burst and starts the first switch-
ing cycle by closing the switch 10 until the current through the
inductor 12 reaches the threshold peak current as set by the
peak current modulator. The threshold peak current for the
first subset of switching cycles is set as the maximum peak
current value determined by the mapping element 32. The
switch driver 34 then opens the switch 10 and waits for the
inductor to demagnetise, which is detected by demagnetisa-
tion detector 38, before starting the next switching cycle. The
switch driver informs the switch cycle counter 33 of each
switch cycle. While the peak ramp down current value (Ip-
kRamp-down in FIG. 2) is greater than the maximum peak
current, Ipk, value, the peak current modulator 35 holds the
peak current threshold (which determines the length of each
switching cycle) at the maximum peak current value deter-
mined by the mapping element 32. When the peak ramp down
current value becomes lower than the maximum peak current
value Ipk, the peak current modulator uses the peak ramp
down current value as the peak current threshold. The peak
current modulator 35 thus reduces the threshold peak current
down from the maximum peak current value over a plurality
of'switching cycles. FIG. 6 shows a detailed view of the ramp
down region of the burst.

The burst ends when the switching cycle counter 33 deter-
mines that the total number of switching cycles determined by
the mapping element 33 have been completed. The counters
are then reset ready for the next burst in the next conduction
period.

FIG. 7 shows a further embodiment of the controller 8. In
this embodiment, the brightness control 31 is replaced with a
feedback arrangement. In particular, the timing element 30 is
configured to determine the setting of the dimmer by any
appropriate means. The timing element 30 may be configured
to measure the dimmer conduction angle to determine the
fraction of each half cycle of the mains signal the dimmer is
conducting. Alternatively, the timing element 30 may be con-
figured to measure the average voltage over each half cycle of
the mains signal. This “dimmer setting” signal is passed to an
output current level setting element 71 for determining an
output current level setting over a half mains cycle as a func-
tion of the dimmer setting.

A feedback comparator 72 uses the output current level
setting and a measure of the actual output current over a burst
period from output current calculator 73 to generate an error
signal.

The error signal is received by an integrator 74 which
integrates the error signal and provides a feedback loop con-
trol signal. The feedback loop control signal is used by the
mapping element 32 of the controller 8 to determine the Ipk
value and the BurstNFrac value, which define the form of the
switching signal.

This embodiment further includes a valley detection ele-
ment 75 for providing the switch driver with details of a valley
in the output waveform applied to the inductor 12. This tech-
nique can be used to reduce switching losses as will be known
to those skilled in the art.

The peak current modulator 35 also receives a signal from
a wave shaping element 76.

The peak current modulator 35 may, in addition to effect-
ing the ramp down of the peak current threshold, shape the
envelope of each burst period using the signal from the wave
shaping element 76. The envelope of the burst and switching
frequency may be shaped to draw an approximately flat input
current that is optimal for providing a hold current to a for-
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ward phase cut dimmer. Alternatively, the envelope of the
burst and switching frequency may be shaped to draw a sinu-
soidal input current that is optimal for high power factor and
low total harmonic distortion. Alternatively the envelope of
the burst and control of the momentary switching frequency
may be shaped to achieve a good power factor while mini-
mizing the size of the converter output capacitor for a certain
output ripple. Thus, the peak current modulator 35 signal may
be modified by multiplication with an envelope shaping sig-
nal, IpkEnv, from the waveform shaping element 76. In this
example, the envelope signal is modulated with double the
AC mains frequency and is intended to shape the converter
input current for achieving a high power factor (IpkEnv=Isin
(Phi)l), a flat converter input current (IpkEnv=SQRT Isin(Phi)
) or minimizing the converter output ripple current, where
phi is the phase (in radians) of the mains input signal. FIG. 8
shows these envelope shaping functions that are used to addi-
tionally control the duration of each switching cycle over the
burst period.

The invention claimed is:

1. A switching power supply controller, the switching
power supply controller configured to generate a switch sig-
nal for controlling a switch to convert an input signal from a
phase cut dimmer into a driving signal for a solid state light-
ing element, wherein the switching power supply controlleris
configured to;

determine a conduction period of the input signal from the

phase cut dimmer within a half cycle period of the input
signal;

determine a burst period within said conduction period

comprising a period of time less than said conduction
period;

generate a switch signal comprising a plurality of switch-

ing cycles over the burst period, the switch signal com-
prising a first subset of switching cycles and a second
subset of switching cycles, wherein the switching power
supply controller is configured to control the switching
cycles of the second subset such that the average energy
transferred per switching cycle to the driving signal is
less than the average energy transferred per switching
cycle to the driving signal for the switching cycles of the
first subset.

2. The switching power supply controller according to
claim 1, in which the switching power supply controller is
configured to control the switch signal such that the energy
transferred per switching cycle to the driving signal is decre-
mented over the switching cycles of the second subset.

3. The switching power supply controller according to
claim 1, in which the second subset includes a plurality of
switching cycles, the duration of said switching cycles con-
trolled such that the peak current achieved over subsequent
switching cycles in the second subset is reduced over the
second subset.

4. The switching power supply controller according to
claim 1, in which the switching power supply controller is
configured to control the duration of the switching cycles of
the first subset by determining when the current flow during a
switching cycle reaches a predetermined maximum peak cur-
rent.

5. The switching power supply controller according to
claim 1, in which the first subset includes a plurality of
switching cycles in which the energy transferred in each
switching cycle is maintained substantially constant.

6. The switching power supply controller according to
claim 1, in which the switching power supply controller is
configured to position the burst period within the conduction
period by a) using a voltage threshold, wherein the burst
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period is configured to comprise a period of time during the
conduction period in which the voltage of the input signal is
greater than or equal to the voltage threshold or b) by using
timing information of the conduction period and positioning
the burst period such that it is temporally spaced from the end
of the conduction period for a forward phase cut dimmer or
spaced from the beginning of the conduction period for a
backward phase cut dimmer.

7. The switching power supply controller according to
claim 1, in which the switching power supply controller is
configured to determine an output power level setting by
measurement of the input signal, the switching power supply
controller configured to generate the switching signal as a
function of the output power level setting.

8. The switching power supply controller according to
claim 7, in which the switching power supply controller
includes a feedback arrangement configured to receive a mea-
sure of the driving signal and compare the output power level
setting with the measure of the driving signal and generate an
error signal, said error signal used to control the number of
switching cycles and/or the duration of each switching cycle.

9. The switching power supply controller according to
claim 7, in which the switching power supply controller is
configured to determine the average energy per switching
cycle of the second subset using a function of the output
power level setting or the error signal.

10. The switching power supply controller according to
claim 1, in which the switching power supply controller has a
minimum peak current threshold, the switching power supply
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controller configured to control the switch signal such that the
minimum peak current threshold is reached during each of the
switching cycles.

11. The switching power supply controller according to
claim 1, in which the switching power supply controller
includes a maximum burst period threshold.

12. The switching power supply controller according to
claim 1, in which the switching power supply controller is
configured to start the burst period at the start of a conduction
period when the input signal comprises a forward phase cut
input signal.

13. The switching power supply controller according to
claim 1, in which the switching power supply controller is
configured to temporally align the end of the burst period with
the end of the conduction period when the input signal com-
prises a backward phase cut input signal.

14. A solid state light driver comprising an input terminal
for receiving an input signal from a phase cut dimmer, a
switching power supply including an inductive element, a
switching element, a diode, and a pair of output terminals for
connecting to a solid state light, the driver further including
the switching power supply controller of claim 1, for control-
ling said switch element.

15. A solid state light comprising the solid state light driver
as defined in claim 14 and at least one solid state light ele-
ment, said driver configured to power said solid state light
element.



