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Title: Driver system for driving a plurality of LED’s

The invention relates to a driver system for driving a plurality of LED’s.

It is known to drive a plurality of LED’s by means of a bus structure such as a DMX
bus structure. Thereto, each LED or groups of LED’s are each driven by a driver, each driver
being provided with a DMX bus interface via which it is connected to the DMX bus. A master
is provided that controls the DMX bus and communicates data, such as setpoint (i.e. set-
point) data, error data, diagnostic information, etc between the master and drivers. Thereby,
a modular configuration is created that allows expansion by additional drivers, while allowing
to control all drivers (almost) simultaneously via the bus.

In such a configuration, each driver comprises a DMX controller, e.g. a DMX control
chip, and a circuit to generate a supply current for the LED’s, commonly a converter such as
a switched mode converter which may comprise a variety of components such as a switched
mode converter control chip, an inductance, a switch such as a power transistor, a reverse
diode and possibly a current sense resistor to provide a feedback to the switched mode
converter chip.

The above mentioned electrical components required for driving each LED or group
of LED’s results in a quite significant cost and a driver having a relatively large physical size,
which may, in larger configurations where many LED’s and many drivers are used, have a

significant impact on a total cost and a total physical size.

It is desirable to provide a driver configuration that may have the potential to be more

effective in terms of physical size and/or cost.

According to an aspect of the invention, there is provided a driver system for driving a
plurality of LED’s , the driver system comprising:
a control module having an input for receiving operating data, and
at least one driver module for driving at least one of the LED’s, the driver module comprising
a hysteretical (i.e. hysteretic) converter for generating a current to power the LED’s, and a
controller (such as a microcontroller, an FPGA, etc) electrically connected to the hysteretical
converter for controlling the hysteretical converter. The control module and the at least one
driver module may be interconnected by a bus structure, e.g. a data communication bus
such as a serial data communication bus. A hysteretical converter, an example of which will

be provided below, allows to implement a converter to convert a supply voltage into a supply
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current for the LED’s, such as a switched mode converter, at a low component count. The

term hysteretical converter is to be understood as a converter comprising a reference
source, a comparator for comparing a signal representing a current supplied by the
converter with a reference signal, such as a reference voltage supplied by the reference
source, and a switch driven by the comparator, so that a transition of an output level of the
comparator results in a switching of the switch from conductive to non conductive or vice
versa. The switch connects in conductive state an inductor to a supply terminal for charging
the inductor and disconnects it from the supply terminal in the non conductive state thereof.
Optionally, hysteresis is provided to the comparator, from which the name hysteretical
converter has been derived. It is however emphasized that such hysteresis may also be
omitted. The hysteretical converter may also be referred to as a free running, self oscillating
converter. Due to its simplicity, a low component count may be realized. Furthermore, many
microcontroller chips presently on the market, are provided with an integrated comparator or
an integrated operational amplifier that may be applied as a comparator. Also, a reference
source, or programmable reference source may be comprised in such a microcontroller chip.
Thereby, component count may be further reduced. Also, functionality to implement a (e.g.
serial) bus interface is provided in many microcontrollers, thereby still further reducing
component count. In an embodiment, at least one of the comparator and the reference
source are controllable by the controller itself, which allows to influence an operation of the
converter (e.g enabling/disabling the comparator, and/or e.g. setting or periodically altering a
level of the reference signal), which allows to accurately control an operation of the
converter, thereby allowing a versatile control of the operation of the converter — while still
maintaining the low component count, hence low cost and low physical dimensions.

Hence, in accordance with the invention, a modular approach is provided allowing to
control a plurality of drivers for a plurality of LED’s or LED groups, thereby providing
intelligent control by means of the central control module and low component count of each
of the drivers (i.e. driver modules) It will be understood that the modules (i.e. control
module, driver module, etc) may — but not necessarily need to - form separate entities.
Some or all of the modules may be integrated as a single entity, for example on a single

printed circuit board.

Further features and advantages of the invention will become apparent from the
enclosed drawing in which non limiting embodiments of the invention are depicted, wherein:
Fig. 1A, B and C depict examples of driver structures in accordance with an aspect of the
invention;

Fig. 2 depicts a schematic diagram of an embodiment of a hysteretic converter that may be

applied in the driver structures in accordance with the invention; and
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Fig. 3A and B depict a schematic diagram of a part of a control module in accordance with

an aspect of the invention.

Furthermore,

Figure 21A-D depict time diagrams based on which an embodiment of the invention will be

described;

Figure 22A and B depict time diagrams based on which an embodiment of the invention will
be described;

Figure 23 depicts a schematic diagram of a circuit in to be applied in an embodiment of the
invention;

Figure 24A-C depict time diagrams based on which an embodiment of the invention will be

described; and

Figure 25A-C depict time diagrams based on which an embodiment of the invention will be

described.

Fig. 1A and 1B each depict a configuration of a driver system for driving a plurality of
LED’s. Each driver system comprises a control module C and a plurality of driver modules D.
Each driver module is arranged to drive at least one LED. The driver modules are connected
to the control module by means of a bus structure B, which is, in the case of fig. 1B, a daisy
chained bus structure. The control module is provided with a control input, such as a digital
bus interface, an analogue input for receiving an analogue signal representing e.g. a desired
intensity, an input for receiving a pulse width modulation signal, a configuration code, etc.

Fig 2 depicts an example of a driver module comprising a hysteretical converter. The
circuit comprises a switch SW, such as a field effect transistor or other semiconductor
switching element, in series connection with an inductor IND. The current flowing through
the inductor then flows through the LED’s, e.g. in series connection. Furthermore, in series
with the LED’s and inductor, a resistor Rsens (also referred to as current measurement
resistor, current sensing resistor or sensing resistor) is provided in order to sense a value of
the current. The current value results in a voltage drop over the resistor Rsens, which is
amplified by amplifier AMP and provided to an input of comparator COMP. Another input of
the comparator is provided with a reference signal, in this embodiment a reference voltage
provided by reference source Vref (also referred to as reference). An output signal of the
comparator, which represents a result of the comparison, is provided to a controlling input of
the switch, in this example to the gate of the field effect transistor. A regenerative circuit is
provided now, whereby a value of the current through the inductor, LEDs and measurement
resistor averages a value at which the input of the comparator to which the amplifier is
connected, equates the value of the reference voltage, thereby the comparator and switch

periodically switching, resulting in a ripple on the current as well as on the voltage sensed by
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the resistor Rsens. At least one of the comparator COMP and reference source Vref is

controllable by microcontroller uC and may form an integral part of a microcontroller chip.
The comparator may be controllable by the microcontroller via an enable/disable input of the
comparator. The reference source may be controllable by means of a microprocessor
controllable attenuator of the reference source, that e.g. acts as a programmable voltage
divider. The microcontroller is further provided with a bus interface Bl for connection to the
bus structure B as depicted in fig. 1. In a practical embodiment, the comparator, the
reference source and the amplifier may be integrated, together with the microprocessor,
onto a single chip such as a commercially available microprocessor provided with suitable
programming instructions so as to perform the desired tasks. Preferably, a single wire bus
structure B is applied, as it requires only a single input/output pin of the microcontroller chip,
thereby allowing to make use of a low cost, low input/output pin count microcontroller chip.
As a result, only few external components are required, namely the switch SW, inductor and
reverse diode, and possible the sensing resistor Rsens.

The controller may be arranged (e.g. provided with program instructions that enable
the controller to perform the stated task) to measure a value of a supply voltage thereby
using the reference signal generator as a reference. The control module may thereby be
arranged to compare the measurements of the values of the supply voltages of at least two
driver modules with each other and to calibrate the reference signal generators of the driver
modules in respect of each other. In this embodiment, use is made of the fact that the driver
modules may each be provided with a same supply voltage. Hence, differences in the (e.g.
internal) reference sources, such as bandgap references of each of the driver modules, may
be detected by measuring the supply voltage — which implies comparing the supply voltage
with the reference source (i.e. the reference signal generator) — equal values of the
reference would yield a same measurement result for the measurement of the supply
voltage. Hence, the references may be calibrated for each of the drivers so as to provide a
high reference accuracy and hence a high reproducibility throughout the different drivers
without a need for highly accurate (costly) references.

In an embodiment, the control module is arranged to measure the supply voltage and
to send data representing a value of the supply voltage to the or each driver modules,
thereby simplifying an operation of each of the driver modules, as they do not need to take
account of any fluctuations in the supply voltage themselves: instead, this is measured
centrally and forwarded to each of the drivers via the communication bus. The driver
modules may also measure the supply voltage themselves and compensate as referred to
above..

In an embodiment, a testing switch is provided to connect, in a conductive state

thereof, a current output of a first one of the driver modules to a current measurement input
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of a second one of the modules, the control module being arranged to test the first one of

the driver modules by setting the switch to a conductive state and measuring the current
supplied by the first one of the driver modules via the second one of the driver modules.
Thereby, a self test may be performed.

In an embodiment, the control module is arranged to test the first one of the driver
modules by activating the hysteretical converter of the first one of the driver modules and
requesting from each driver module a current measurement. Thereby, the driver modules
may be tested one by one. Each driver module is operated, the current is measured in each
driver module. In case of incorrect wiring or LED’s, etc, an activation of one of the driver
module could result in a current path to another one of the driver modules, which may then
be detected as described here. Hence, such wiring errors at the installation may be detected
by a simple software routine and without a need for additional hardware.

In an embodiment, the driver module is arranged to measure a voltage over the to be
driven at least one LED, and to generate an error message in case the measured voltage is
below a predetermined threshold. Thereby, an error condition of a LED or LED group
connected with reversed polarity may be detected, as a reverse polarity protection diode of
the LED group will in this situation go into a conductive state and its forward voltage — which
is lower than the normal LED forward operating voltage - may be detected and an error
message generated. In case the Led or Led group would not be provided with a reverse
polarity protection diode, substantially no current will flow, which may be detected as
described below.

In an embodiment, the driver module is arranged to measure a voltage over the to be
driven at least one LED, and to generate an error message in case the measured voltage is
above a predetermined threshold. Thereby, an open circuit (no LED or Led group
connected) may be detected.

As a startup procedure, in an embodiment, the control module is arranged to activate
one of the drivers, to perform a check of the operation of that driver module, prior to
activating another one of the drivers, so as to allow to check operation of each of the driver
modules. Many checks may be performed, such as the current measurement in each driver
module as already described above.

In an embodiment, the control module is arranged to send an increased setpoint to at
least one of the driver modules when an error condition in another one of the drivers has
been detected. Thereby, a degradation, whereby a LED or LED group of one of the drivers
malfunctions and is switched off, may be compensated to a certain extent by increasing an
output of other LED’s or LED groups driven by other driver modules.

In an embodiment of the hysteretic converter such as described above with reference to

Figure 2, a soft restart mechanism may be applied. In case of an overload or no load
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connected, a switching of the comparator COMP will stop. The stopped switching of the

comparator COMP may be detected by the controller uC. The controller may be arranged to
periodically restart the converter, e.g. by forcing the comparator COMP into a switching
action, and detect if switching of the comparator continues or not, thereby detecting if the
fault condition has been solved. In an embodiment, the controller may be arranged to control
the reference source Vref so as to reduce a set-point value as provided by the reference
source. As a result, a reduced converter output voltage and/or converter output current may
be obtained, thereby reducing a risk of hazardous output conditions such as high output
voltage peaks (for example caused by inductive load effects). This embodiment may be
described as a driver module comprising a converter (such as the hysteretical converter as
described in this document) and a controller for controlling the converter, wherein the
controller is arranged to

- detect a short circuit or no load condition of the converter;

- drive the reference signal generator so as to reduce a value of the reference signal, and

- retry to activate the converter after waiting for a predetermined wait time period, whereby
the reference signal generator is kept at the reduced value of the reference signal. The
controller may further be arranged to detect is the activation of the converter succeeded and
to drive the reference signal generator so as to bring the reference signal (gradually or
stepwise) back to a normal level.

In case of the hysteretical converter, the detecting the short circuit or no load condition of
the converter may be performed by means of a detecting by the controller whether a
switching of the comparator has stopped.

It is noted that, although in Figure 2 an amplifier AMP is depicted between the
resistor Rsens and the comparator COMP, this amplifier may be omitted in other
embodiments.

In an embodiment, a calibration is carried out to at least partly compensate for an
imperfect line- and load regulation of the hysteretic converter. This calibration may also at
least in part compensate certain component tolerances. The calibration involves
determining a dependency of the average (effective) LED current from amongst others a
LED current set-point, a line voltage and a load characteristic such as a load voltage. The
dependency may be represented by a formula or table. The determination may be
performed at design time by the designer and programmed into the microcontroller (or a
memory thereof) or the measurement of the dependency may be performed by the
microcontroller by carrying out measurements at several sets of input values for the
variables as mentioned.

Next, the microcontroller may measure the input values and the actual output current

for a given current set-point, for example at each power-up, and calibrate the hysteretic
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converter by applying a scale factor corresponding to a difference between the LED current

as calculated using the dependency formula and the measured actual current. The scale
factor can then be applied to the incoming set-point from the user thus obtaining an actual
current closer to the intended current. By performing the measurement of the actual current
at multiple input conditions, a more elaborate calibration can be performed in which the
scale factor may be different per set of input conditions.In an embodiment, the control
module comprises an analogue input having a low pass filter, the control module being
arranged to derive a setpoint information from a level at the analogue input, the control
module being arranged to provide an electrical pulse onto the analogue input, to measure a
decay of the electrical pulse in the filter, and to determine whether or not a setpoint source is
connected from a decay of the electrical pulse in the filter. An example is depicted in fig. 3A
and B. Here, a low pass filter is provided by resistors R1 — R3 and capacitor C1. The input
terminal may be driven by a variable voltage (fig. 3A) or a potentiometer (fig. 3B). Also, the
input terminal may be unconnected. If 0V is measured, it may be required to detect whether
this result originates from an unconnected input terminal or a substantially zero input voltage
provided from the potentiometer (fig. 3B) or variable voltage input (fig. 3A), which may be
detected by a difference in decay characteristics in response to the electrical pulse.

A one wire bus may be applied to interconnect the control module and driver module.
In order to provide an efficient data communication, hence a low cost, use may be made of
a dedicated communication protocol. Furthermore, a balancing of functionality may be
performed between control module and driver module. Centralized functionality in the control
module may allow cost saving and/or enhanced functionality, while functionality in the
control module and driver module may allow improved diagnostics by allowing comparison of

measurement results and calibrations by comparison of measurement results.

A variety of techniques may be applied by the driver module in order to drive the hysteretical
converter by the controller, some of these techniques are described below with reference to
fig. 21 — 25.

Fig. 21A depicts a graphical view of the LED current | versus time. An example of a circuit to
generate this current is depicted in fig. 23. The circuit comprises a switch SW, such as a
field effect transistor or other semiconductor switching element in series connection with an
inductor IND. The current flowing through the inductor then flows through the LED’s, e.g. in
series connection. Furthermore, in series with the LED’s and inductor, a resistor Rsens is
provided in order to sense a value of the current. The current value results in a voltage drop
over the resistor Rsens, which is amplified by amplifier AMP and provided to an input of

comparator COMP. A fly-back diode is provided for allowing current flow when the switch is
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non conductive. Different electrical configurations are possible, depending on the

configuration, the current flows through the resistor Rsens in both the conductive and non
conductive state of the switch, or only in the conductive state. Another input of the
comparator is provided with a reference signal, in this embodiment a reference voltage
provided by reference source Vref (also briefly referred to as reference). An output signal of
the comparator, which represents a result of the comparison, is provided to a controlling
input of the switch, in this example to the gate of the field effect transistor. A regenerative
circuit is provided now, whereby a value of the current through the inductor, LEDs and
measurement element averages a value at which the input of the comparator to which the
amplifier is connected, equates the value of the reference voltage, thereby the comparator
and switch periodically switching, resulting in a ripple on the current as well as on the
voltage sensed by the resistor Rsens. At least one of the comparator COMP and reference
source Vref is controllable by a microcontroller MP. In a practical embodiment, the
comparator and reference source may be integrated, together with the microprocessor, into
a single chip. Hysteresis may be added to the comparator. Therefore, the circuit topology
described here sometimes being referred to as a "hysteretical converter” (with hysteresis or

without).

Reverting to fig. 21A, the microprocessor (also referred to as microcontroller or controller)
may control the reference source so as to provide different reference voltage values. This
may for example be implemented by a microprocessor switchable resistive voltage divider
network or any other suitable means. In case of an attenuation in 16 steps (by a 4 bit
control) of the reference voltage, 16 different current values may be obtained, hence
allowing a dimming of the LED current in 16 steps. In case a higher resolution would be
required, the reference voltage may be set at a first value during a first part of a cycle time,
and at a second value during a second (e.g. remaining) part of the cycle time. Thereby, an
effective, average value of the current may be achieved in between the 16 steps, hence
enabling a higher resolution dimming. A reduction of the current to a lower value during
relatively shorter parts of the cycle time may allow precise adjustment of the required
average current level. By controlling the reference source accordingly, the value during the
short time period may be set to a desired lower or higher level, or for example to zero, so as
to stop the LED current in this part of the cycle. At low current values, instability or other
adverse or undesired effects may occur in the circuit as depicted in fig. 23. Therefore,
instead of setting the reference to a continuously low value (for example a value of 1 or 2 in
a 4 bit coding), the value may be set somewhat higher, i.e. at a value where stable operation
is ensured, whereby the current is reduced to substantially zero in a part of the cycle time,

as depicted in fig 21C. In order to provide a smooth and defined start-up from the zero
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current condition, the current may, from the zero current condition, be increased stepwise,

e.g. by a stepwise increase of the reference voltage value. Fig. 21D depicts the situation
where during a part of the cycle the current is increased for increased resolution of the
average current: e.g. in a cycle having 64 sub cycle time parts, whereby the current is set
from value 3 to zero during 3 parts of the 64, an increase of the average current may be
obtained at a relatively high resolution by setting the current value from 3 to for example 4
during one part of the 64, as schematically depicted in fig. 21D. In each of the examples
shown here, the current may be set by the microcontroller by controlling a value of the
reference Vref. The condition of zero current may also be achieved by disabling the
comparator (e.g. by an internal disabling of a microprocessor controlled comparator or by a
switch or digital logic (not depicted in fig. 23) that disables of blocks the output of the

comparator.

Further variants are depicted with reference to fig. 22A and B. Here, a current pulse is
formed during a part of the cycle time. The current pulses may be generated in many ways:
it is for example possible to switch the reference Vref from zero to a certain nonzero value,
which then results in an increase in the current, while after a certain time (e.g. a lapse of
time determined by the microprocessor, a first switching of the comparator and switch SW to
the non conductive state of the switch, etc. ) the operation is stopped by for example
disabling the comparator or setting the value of the reference back to zero, causing the
current drop to zero again. Calibration may be performed to determine an effective current
value or brightness or brightness contribution of such pulse. One pulse may be provided per
cycle (fig 22A) or a plurality thereof (fig. 22B). Although in fig. 22B the pulses are depicted
s0 as to directly follow each other, it will be understood that the pulses may also be provided
with a time in between, thereby achieving a further dimming. In an embodiment, dimming

may be provided by increasing a time distance between successive pulses.

By a corresponding setting of the value of the reference Vref, an amplitude of the pulse may
be set. As the pulses may provide for a comparatively lower effective current then a
continuous current, a resolution may be further increased by combinations of parts of the
cycle during which a continuous current is provided, and parts of the cycle during which the
current is pulsed. Thereby, by a corresponding setting of the reference, different values of
the continuous and/or the pulsed current may be obtained within a cycle. Calibration of the
pulses may be performed in various ways, e.g. timing a pulse width by a timer, filtering a
sequence of pulses by a low pass filter, measuring a pulse shape using sub-sampling
techniques. Also, feedback mechanisms such as optical feedback (brightness

measurement) may be applied.
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It will be understood that, although the above explains the controlling of the reference (so as
to set the current) and the pulsing in a free running configuration as depicted in fig 23 (also
referred to as a hysteretical configuration), the above principles may be applied in any other

(e.g. switched mode converter) configuration too.

In another embodiment, asynchronous sampling is used by the microprocessor in order to
determine a time of switching off the comparator. Thereto, the microprocessor samples an
analogue signal representing the current through the inductor and LED’s, e.g. by sampling
the signal at the output of the amplifier AMP for amplifying the signal measured by Rsens.
Due to the free running character of the hysteretical or other converter, an asynchronous
sampling is provided enabling to determine the waveform and hence the switching on and/or
off of the comparator with a comparably high resolution. For this purpose, the current may
be sampled and/or the output of the comparator. In order to provide a low average current
through the LED’s, the microprocessor may now disable the hysteretical converter (or other
type of converter) by either setting after a time (e.g. prior to the finalisation of the cycle of
oscillation of the converter itself) the value of the reference source back to zero, by
overriding or by disabling the comparator or by any other suitable means to force the switch
SW to the desired state. As a result, comparably short current pulses are created, shorter
than could have been provided by letting the oscillator run on its own motion, the current
pulses having such short time duration enable a low level and/or high resolution dimming. A
frequency of repetition of the pulses may be determined by the microprocessor by the time
until a following enabling of the converter (by e.g. a following setting of the reference
generator and/or a following enabling of the comparator. Thereby, current pulses may be
generated e.g. 1, 2, 3 of N (N being an integer) times per cycle time. Furthermore, it is
possible to synchronise the switching of the converter to cycle times of the operation of the

microprocessor by the described interaction by the microprocessor on the comparator.

The above principle may be applied in a method for dimming of the LED current provided by
a driver. The method comprises:

- dimming an effective current by disabling the converter (e.g. a hysteretical converter)
during a part of cycle time; this may be performed until a level of for example V4 or 1/8 of the
maximum (i.e.100%) current level. Then, further dimming is provided by dividing a cycle time
of the operation in cycle time parts, an example of a cycle frequency could be 300 Hz, as it
is a multiple of 50Hz and 60 Hz mains frequencies and a multiple of common video image
capturing frequencies. The cycle time could then for example be divided in 128 parts so as

to provide sufficient resolution. Dimming may be performed by during each cycle time part,
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enabling the converter at a beginning of the cycle time part and disabling the converter

during the end of the cycle time part. Prior to the disabling, the value of the reference is
increased, so as to force the comparator to switch on the switch, thereby providing for a
defined switching off behaviour, a reduction of jitter by the effects of the asynchronous
operation of the converter with respect to the cycle time and cycle time parts, and hence a
more defined dimming behaviour. A gradual transition towards the situation where the
current is increased at the end of each cycle may be obtained by gradually activating this
higher current during 1, then 2, then 3, etc cycle time parts of each cycle. With progressed
dimming, the part of the cycle time part during which the converter is enabled is made that
short that only the part remains where the reference is increased. Further dimming may then
be provided by decreasing (e.g. per cycle time part) the value of the reference, and still
further dimming may be obtained by keeping the converter shut down during some of the

cycle time parts.

The above process is illustrated in figs. 24A — 24C. Each of figs. 24A — 24C depicts the
current | of the converter, the reference value Ref and an enable signal E that
enables/disables the converter (e.g. by enabling/disabling the comparator), during 3 cycle
time parts Tcp. In fig. 24A, free running operation of the converter is enabled until almost the
end of the cycle time part Tcp. Then, the reference is increased which causes an increase of
the current to a higher level, followed by a disabling of the converter by a corresponding
level of the enable signal E. In fig. 24B, the same processes are started earlier in the cycle,
causing the current of the converter to drop to zero during the final part of each cycle time
part Tcp. In fig. 24C, the dimming has progressed further, causing only the increase of the
current. Followed by a decay to zero to remain. Thereto, the reference is set to a high value
during at least the part of the cycle time part during which the current increases. Further
dimming is possible, as explained above, by a reduction of the pulse height and/or time
duration (by reducing the value of the reference and/or a reduction of the enable time during
which the converter is enabled) of one or more of the pulses of each cycle. The dimming
may be implemented in the driver by e.g. a corresponding programming of the

microprocessor or other microcontroller thereof.

A further embodiment will be explained with reference to fig. 25A — 25C. In fig. 25A-C, again
time diagrams are shown of cycle parts. In this example a cycle is formed by 3326
microseconds (providing approximately 300 Hz cycle frequency) and the cycle is divided in
64 cycle parts. It is remarked that other cycle lengths and other divisions of the cycle in cycle
time parts, e.g. in 128 cycle time parts, would be possible as well. In fig. 25C, a situation is

depicted wherein the switch SW of the converter is activated for a short time, namely in this
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example 0,125 microseconds by enable signal E that enables the converter. As a result, the

current | exhibits a peak each time the comparator is enabled. Increasing an intensity, in fig.
25B, the pulse length during which the current is enabled by E increases t0 6.3
microseconds, which provides for a longer current pulse | and reaching a higher level.
Hence, in the range of fig. 25B to fig. 25C, a relatively direct relation is found between the
length of the enable pulse and the current level. A further increase of the enable pulse width
E would however result in the comparator to switch to the state during which the switch is in
the non—conductive state. As a result, an increase of the pulse width of the enable signal E
would not directly translate into an increase in the average current level, until the enable
pulse width would be increased that much that the following switching cycle of the free
running converter (e.g. the hysteretical converter) would start — at that moment the current
would rise again causing a second peak in the same cycle time part, hence an increase in
the average current. Hence, a gradual increase in the time during which the converter is
enabled within each cycle would result in a rather stepwise increase in the current, hence in
the intensity of the LED’s. This effect may be at least partly avoided by applying a dithering
or other variation to the enable pulse length: instead of a same pulse length in each cycle
time part, the length is varied so as to arrive at an average corresponding to the desired
cycle time. Therefore, in some of the cycle time parts, the enable time is longer than the
average, and in others, the enable time is shorter. An example is illustrated in fig. 25A. Here,
in the first cycle time part, an enable pulse width E of 12 microseconds is applied. In the
following cycle time parts, the pulse width is increased in steps of 0.125 microseconds to 20
microseconds. As depicted in fig. 25A, the comparator and switch SW are activated slightly
more than one cycle of the converter in the first cycle time part, while in the last cycle time
part the comparator and switch SW of the converter are activated for slightly more than 2
cycles. As a result, the above described effect of a stepwise increase will play a role in
some of the cycle time parts, while not playing a role in others. Therefore, an averaging
takes place, which may result in a more smooth increase of the LED current and intensity
with an increase in the average enable time of each cycle. Thereto, with each increase in
intensity level, a an additional pulse may be added: the microprocessor (microcontroller)
may for example start with providing a pulse in one of the cycle time parts of the cycle time,
and add a pulse in another one of the cycle time part of the cycle time, for each next higher
intensity level. The added pulses may be provided in a random one of the cycle time parts of
the cycle time. Alternatively, they may be provided in a cycle time that is the most distant in
time from the already present pulses: for example, in case of 64 cycle time parts in a cycle,
and having started with a pulse in cycle part 1, the next pulse can be provided by the
microprocessor in cycle part 33, as 33 is most distant from 1 in the same cycle time and from

1 in the next cycle time. Thereby, the likelihood that, if a pulse is at least partly in a “dead
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time”, the one to be added next, will be in a “dead time” too, may be reduced, hence

allowing a smooth and defined dimming behaviour. In order to take account of the “dead
times” whereby the hysteretic converter is inactive by itself, a user set-point may need a
recalculation: for very low intensities, (e.g. the case of fig. 25B and 25C, a small increase in
pulse length or in the number of pulses, will result in a comparably larger increase in
intensity, then a same increase in the situation in fig. 25C, due to the dead times, which are
to be taken account of in a calculation of the number of pulses to be added/removed, or the
pulse lengths, in response to a changed (user) set-point. A large dimming range may further
be obtained. For dimming below the intensities described with reference to figs 25A-25C, the
reference (e.g. reference voltage) may be reduced in value so as to reduce an amplitude of
the remaining current peaks or pulses. The dimming as disclosed here may be described as
the controller being arranged to provide enable pulses to enable the comparator in at least
two cycle time parts of a cycle time, wherein a pulse length of the enable pulses is varied
within each cycle time. The variation of the pulse length smoothens a level increase with
increased average pulse length, as the effects of parts of the pulses being in “dead times”
between successive active times of the hysteretical converter switching cycle, may be
smoothened. The pulse lengths may be varied applying a linear, Gaussian, random or any
other suitable distribution.

The dimming as described with reference to fig. 25A-C may for example be applied in an
LED driver comprising the free running converter as described above, however the
application is not limited thereto. Rather, it may be applied in any other converter type too.
The dimming may be implemented in the driver by e.g. a corresponding programming of the
microprocessor MP or other microcontroller thereof. The dimming as described with
reference to fig. 25A — C may be applied for driving different Led groups, each group e.g.
having a different colour, each group being e.g. switchable by means of parallel or serial
switches s0 as to energize or de-energize the group. In case of for example 3 groups, in the
situation where one or more of the groups is kept at a level below 1/3 of maximum, each
such group is assigned its own time slot, and the dimming method as described above may
then be applied for each of the groups in that specific slot. In case one of the groups is to
be operated at an intensity between 1/3 and 2/3 of maximum, then the group is continuously
powered in one of the time slots, and the dimming as specified above is applied in another
one of the time slots so as to allow accurate and high resolution controlling of the intensity of
the respective group. In addition to the schematic diagram as depicted in fig. 23, use may be
made of a voltage divider to lower a voltage over the LED’s to a voltage within a range of
measurement of the microprocessor (i.e. the controller). At low light intensities and lower
current levels, this divider may have an effect on the effective current through the LED’s, as

a part of the current may then flow through the divider instead of through the LED’s.
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Furthermore, the value of the resistive divider may have an effect on the decay of the pulse

— i.e. the energy stored in the inductor. In an embodiment, a lower resistance value is
chosen for the divider at low current values, to thereby provide a faster decay of the pulses
at low current levels. At higher current values, a higher resistance value may be chosen (e.g.

5 by suitable switching means under control of the microprocessor) for efficiency reasons.
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Claims

1. A driver system for driving a plurality of LED’s , the driver system comprising:

a control module having an input for receiving operating data, and

at least one driver module for driving at least one of the LED’s, the driver module comprising
a hysteretical converter for generating a current to power the LED’s, and a controller

electrically connected to the hysteretical converter for controlling the hysteretical converter.

2. The driver system according to claim 1, wherein the hysteretical converter comprises

- a switch,

- an inductor, in a series connection with the switch, the switch to in a conductive state
thereof charge the inductor,

- a current measurement element to measure a current flowing through at least one of the
inductor and the LED illumination device,

the switch, inductor and current measurement element being arranged to establish in
operation a series connection with the LED illumination device,

the hysteretical converter further comprising:

- a reference signal generator for generating a reference signal;

- a comparator to compare a signal representing the current measured by the current
measurement element with the reference signal, an output of the comparator being provided
to a driving input of the switch for driving the switch, and

wherein the controller is arranged to control an operation of at least one of the reference

signal generator and the comparator.

3. The driver system according to claim 2, wherein the comparator comprises an enable
input for enabling respectively disabling the comparator, the enable input being connected to

the controller to be driven by the controller.

4. The driver system according to claim 2 or 3, wherein the reference signal generator
comprises a control input for setting a value of the reference signal, the control input of the

reference signal generator being connected to the controller to be driven by the controller.

5. The driver system according to any of claims 2 - 3, wherein at least the controller and the

comparator are integrated on a same chip.

6. The driver system according to any of the preceding claims, wherein a connection

between the control module and the driver module is a single wire connection.
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7. The driver system according to any of the preceding claims, wherein the controller is
arranged to measure a value of a supply voltage thereby using the reference signal
generator as a reference, the control module being arranged to compare the measurements
of the values of the supply voltages of at least two driver modules with each other and to

calibrate the reference signal generators of the driver modules in respect of each other.

8. The driver system according to any of the preceding claims, wherein the control module is
arranged to measure the supply voltage and to send data representing a value of the supply

voltage to the or each driver module.

9. The driver system according to any of the preceding claims, comprising a testing switch to
connect, in a conductive state thereof, a current output of a first one of the driver modules to
a current measurement input of a second one of the modules, the control module being
arranged to test the first one of the driver modules by setting the testing switch to a
conductive state and measuring the current supplied by the first one of the driver modules

via the second one of the driver modules.

10. The driver system according to any of the preceding claims, wherein the control module
is arranged to test the first one of the driver modules by activating the hysteretical converter
of the first one of the driver modules and requesting from each driver module a current

measurement.

11. The driver system according to any of the preceding claims, wherein the driver module is
arranged to measure a voltage over the to be driven at least one LED, and to generate an

error message in case the measured voltage is below a predetermined threshold.

12. The driver system according to any of the preceding claims, wherein the driver module is
arranged to measure a voltage over the to be driven at least one LED, and to generate an

error message in case the measured voltage is above a predetermined threshold.

13. The driver system according to any of the preceding claims, wherein the control module
is arranged to activate one of the drivers, to perform a check of the operation of that driver,

prior to activating another one of the drivers.
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14. The driver system according to any of the preceding claims, wherein the control module

is arranged to send an increased setpoint to at least one of the drivers when an error

condition in another one of the drivers has been detected.

15. The driver system according to any of the preceding claims, wherein the control module
comprises an analogue input having a low pass filter, the control module being arranged to
derive a setpoint information from a level at the analogue input, the control module being
arranged to provide an electrical pulse onto the analogue input, to measure a decay of the
electrical pulse in the filter, and to determine whether or not a setpoint source is connected

from a decay of the electrical pulse in the filter.

16. The driver system according to any of the preceding claims, wherein the controller is
arranged to

detect a short circuit or no load condition of the converter;

drive the reference signal generator so as to reduce a value of the reference signal, and
retry to activate the converter after waiting for a predetermined wait time period, whereby the

reference signal generator is kept at the reduced value of the reference signal.

17. The driver system according to claim 16, wherein the detecting the short circuit or no
load condition of the converter comprises detecting whether a switching of the comparator

has stopped.
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