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€N (57) Abstract: A LED driver arrangement includes a switching-mode stage (12) to produce a drive current for feeding one or more
LEDs (L) from a DC input (10) and a current sensor (18) sensitive to the current fed to the LEDs (L) for producing a feedback signal
indicative of the intensity of the drive current fed thereto. The feedback signal is compared with a reference value indicative (20, 22)
v of a LED current as requested by a user, in order to generate a control signal (32) able to drive control circuitry (26, 28, 30) in order to
=~ obtain such LED current. Control circuitry (26, 28, 30) sensitive to the control signal (32) controls the switching-mode stage (12) so
that the drive current fed to the LEDs (1.) corresponds to the LED current as requested by the user. An opto-coupler (34) is provided
& to feed the control signal (32) to the controller circuitry (26, 28, 30). The opto-coupler (34) is configured to saturate when the drive
& current fed to the LEDs (L) reaches a minimum level. An auxiliary supply voltage (Vaux1) for the control circuitry (26, 28, 30) is
O derived from an auxiliary winding of a magnetic device of the switching-mode stage (12). The auxiliary supply voltage (Vaux1) is
kept above a minimum level by the opto-coupler (34) and the associated biasing circuitry (341, 342), when such opto-coupler (34)
a is saturated, thus keeping the control circuitry on.
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“A drive device for LEDs and related method”

* Kk Kk

Field of the invention

The present invention relates to techniques for driving
light emitting diodes (LEDs), especially as regards “dimming”
the intensity/power of the radiation emitted therefrom.

The invention was developed with specific attention paid
to its possible use in driving LEDs used as lighting sources
(so-called high-flux LEDs).

Description of the related art

At present, two basic approaches exist for dimming the
intensity of the light radiation emitted by a LED.

A first approcach involves regulating the DC current
through the LEDs. A second approach involves a pulse width
modulation (PWM) of the load current, with a constant peak
value. Sometimes the two approaches are combined in order to
obtain better performance at low dimming levels.

The former apprcocach is generally simpler to implement,
especially if integrated in a low cost/compact power-supply;
moreover, this approach can be resorted to also in order to
adjust the DC current conformant to the maximum wvalue
admitted by the LED module, in order to guarantee the life-
time of the installation and avoid exceeding the rated
current of the source. On the other hand, the latter
approach, i.e. PWM modulation with a constant peak current,
maintains the same wavelength of the light irrespective of

the dimming level.

Nowadays, 1in order to reduce size and cost, most power-
supplies for LEDs contain a certain number of switches that
divert the current of one or more magnetic devices into two
or more paths. This 1s the case of current non-resonant
switch-mode-power-supply topologies, such as a buck, boost or

buck-boost, or the related insulated topologies, connected to
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a constant voltage source. Typical switching frequencies are
in the order of some tens of kilohertz.

Essentially, in order to reduce of a fixed amount the
output light of a set of LEDs connected in series, the output
current (and thus the output power) are decreased, while the
output voltage 1is kept quite constant, because of the
voltage—-current characteristic of the LED Jjunction. If the
circuit works in CCM (Continuous-Conduction-Mode) and the
input wvoltage 1s constant, the duty-cycle will remain
essentially constant; in decreasing the output power, with a
reasonably similar efficiency, the average current on the
magnetic device will decrease until the circuit falls in DCM
(Discontinuous—-Conduction-Mode). At this level, the circuit
could work in TM (Transition Mode), i.e. at the limit between
DCM and CCM. In decreasing the output power, the switching
frequency will be increased until a fixed level limited by
designers 1in order to respect the EMI (electromagnetic
interference) and efficiency constraints.

Exemplary of prior art controllers operating in TM mode
are the controllers sold under the designations NCP1207 by
ON-Semiconductor, TEA1507 or TEA1533 by Philips or L6565 by
STMicroelectronics.

Therefore, at very low dimming levels, the circuit will
operate in DCM. Most integrated controllers currently
available on the market are unable to control in an accurate
way the output power in these conditions, 1.e. below a
certain level, because they start to work in the so-called
burst-mode. This means that, over a first part of the “burst”
period, these controllers deliver a certain amount of power
in excess and then, over a second part of the “burst” period,
switching operation is discontinued in order to deliver a
certain low average output power. This mode of operation is
clearly unacceptable for LEDs, as it results 1in a low-
frequency pulsating output power which causes a visible
“flicker” in the light emitted from the source. Because of
the logarithmic sensitivity of the human eye, this
undesirable effect occurs when the apparent light intensity,

however dimmed, is still rather high.
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Object and summary of the invention

The object of the present invention is thus to provide
an effective solution to the problems described in the
foregoing. A specific object of the invention is to keep the
control circuitry on when the LED or LEDs are dimmed at very
low DC current levels.

According to the present invention, that object 1is
achieved by means of the arrangement having the features set
forth in the claims that follow. The invention also relates
to a corresponding method. The claims are an integral part of
the disclosure of the invention provided herein.

A preferred embodiment of the invention takes the form
of an improved non—-resonant switch-mode-power-supply
topology, as a buck, boost or buck-boost, or the related
insulated topologies, connected to a constant voltage source,
like a DC-1ink, wusually comprised of a capacitor. This
topology could take the form of a single-stage power—-supply,
or the form of the output stage of a multiple-stage power-
supply.

A particularly preferred embodiment of the invention
employs an arrangement to set the minimum auxiliary voltage
above the UVLO (UnderVoltage LockOut) threshold comprised of
two resistors and an optocoupler adapted to be saturated,
plus an optional bleeder to reduce the LED current at low
dimming levels.

The basic advantages provided by the invention are:

- a dimming capability of the LED power supply until
zero current; and

- simplicity and compactness of the power supply.

Brief description of the annexed representations

The invention will now be described, by way of example
only, by referring to the enclosed representations, wherein:
— figure 1 is a general block diagram of a prior art LED

controller arrangement,
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— figure 2 is another block diagram illustrative of a
particularly preferred embodiment of the invention described
herein, and

- figure 3 is an exemplary diagram representative of the
time behaviour of certain signals generated in the circuit of

figure 2.

Detailed description of the invention

The block diagram of figure 1 is generally
representative of a single-stage constant-current power-
supply or the final (output) stage of a multi-stage constant-
current power-supply for one or more LEDs connected in
series. Unless otherwise indicated, the general description
of the basic arrangement of figure 1 will also apply to the
improved arrangement of figure 2.

The circuit shown 1is provided with input terminals 10
intended to Dbe connected in wuse to a constant voltage
provided by a dc-link (not shown) comprised e.g. of an
“upstream” stage of the power-supply, another constant-
voltage power-supply, a battery or a filtered rectifier
connected to the mains voltage, and so on.

Starting from the dc-link terminals 10, a first module
or block 12 includes a switching-mode final stage, based on
one of these «circuit topologies (including the related
insulated topologies) able to provide such a function: buck,
boost, buck-boost.

Reference numeral 14 denotes an output filter cascaded
to the block 12 (in fact the filter 14 could be possibly
included on the switching-mode final stage 12). A “bleeder”
16 (which 1s preferably an active bleeder rather than a
simple resistor) 1is optionally provided in order to dissipate
a certain amount of power at the output of the filter 14.

A current “sense” 18 (i.e. a current sensor of any known
type) 1s associated to the ILED or LEDs to sense the feed
current provided thereto from the stage 12, typically through
the filter 14 and the bleeder 16. The sensor 18 generates an

electrical feedback signal proportional to the actual
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current fed to the LEDS. In the embodiment shown, the sensor
18 is connected directly in series with the LED or LEDs:
however, those of skill in the art will promptly appreciate
that the sensor 18 could be arranged at other locations in
the circuit.

The circuit arrangement also includes a user interface
20 to convert dimming commands from a user into an electrical
control signal. The user interface 20 can also be configured
to provide all the electrical requirements requested by the
standard protocol of the interface.

A variable reference generator 22 converts the
electrical control signal from the interface 20 to produce a
reference signal representative of the intensity of the
current through the LED or LEDs requested by the user. An
integrating error amplifier 24 compares the reference signal
from the generator 22 with the actual output current sensed
by the sensor 18, and generates an electrical control signal
able to regulate the power fed to the LED or LEDs.

A CCM/DCM controller 26 generates a signal able to
drive, wvia a logic circuitry 28, one or more electronic
switches 120 included in the switching-mode final stage 12.

An oscillator 30 generates a fixed frequency signal,
which is again able to drive, via the logic circuitry 28, the
switch(es) 120 included in the switching-mode final stage 12.

Both the CCM/DCM controller 26 and the oscillator 30,
as well as the logic circuitry 28 are sensitive to a control
signal received over a line 32.

Specifically, the 1logic circuitry 28 determines, in
accordance with the electrical control signal over the line
32, whether the switch or the switches of the switching-mode
final stage 1 are to be driven according to the signal
generated by the CCM/DCM controller 26 or according to the
signal generated by the oscillator 30.

The output current supplied to the LED or LEDs L, as
sensed by the sensor 18, is compared in the error amplifier
24 with a reference signal. This signal is provided by the
reference generator 22 and 1s thus wvariable in compliance

with the dimming level as requested by the user. The error
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amplifier 24 thus generates a control signal that 1is
generally related to the amount of output power requested for
the LED or LEDs.

If the dimming level is relatively high (so that the LED
current 1is set 1in a higher range), the logic circuitry 28
drives the switch or switches 120 of the stage 12 according
to the signal provided by the CCM/DCM controller 26, as in a
normal closed-loop switch-mode power-supply. If the dimming
level 1s relatively low so that the LED current is set in a
lower range, the logic circuitry 28 drives the switch or
switches 120 of the stage 12 according to the fixed frequency
signal produced by the oscillator 30. In this way, even at
low dimming levels, the circuit will work in DCM and not in
burst-mode. As the switching frequency decreases, the output
power delivered to the LED or LEDs will correspondingly
decrease. With a switching frequency higher than about 100
Hz, the light of the LED or LEDs will not show any flicker.

Figure 3 illustrates the waveform of the current of the
magnetic component 1in the switching-mode output stage 1 in
the <case of DCM operation; at low dimming levels, the
switching period Ts 1s fixed by the oscillator 30 and
increases for lower output power, 1in accordance with the
electrical control signal over the line 32, while the on-time
ton 0f the main switch remains constant. This function 1is
already included 1in some of the existing controller on the
market.

In brief, the oscillator produces a signal with a
frequency regulated by the control signal on the line 32; due
to the feedback arrangement overall, the frequency
automatically adjusts to the correct wvalue to obtain the
required output power.

While 1in the prior art arrangement of figure 1 the
signal from the integrating error amplifier 24 is fed
directly to the CCM/DCM controller 26 and the oscillator 30,
in the embodiment shown in figure 2, the signal output from
the error amplifier 24 is fed to the CCM/DCM controller 26
and the oscillator 30 wvia an opto-coupler 34. 1In the

embodiment shown, the opto-coupler 34 is fed with two supply
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voltages V.ux1 and Va.uxy for the receiver portion and the
transmitter portion of the opto-coupler, respectively. In the
example shown, the transmitter portion of the opto-coupler 34
includes a LED while the receiver portion includes a
phototransistor having associated resistors 341 and 342.
Specifically, the resistor 341 is connected between the
voltage V.yx1 and the collector of the phototransistor, while
the resistor 342 is connected between ground and the emitter
of the phototransistor, from which the line 32 departs.

Even though this is not expressly shown in the drawing
of figure 2 for the sake of simplicity, the same voltage V.uxi
also serves to supply the control circuitry comprised of the

controller 26, the oscillator 30 and the logic circuitry 28.

At least in some cases, the DC-1link voltage may be too
high to obtain directly the low auxiliary supply voltage V.uxi
in an efficient manner. Therefore, the voltage V.ux1 can be
drawn from an auxiliary winding of the same magnetic
component (designated 122 in figure 2) of the switching-mode
output stage 1.

In this case, the switching freguency cannot be too low
in order to keep the control circuitry on. This implies that
in this case the minimum output power delivered from the
switching-mode output stage 12 is greater than zero, also at
the minimum dimming level. Therefore, to reduce the current
on the ILED or LEDs at the minimum dimming 1level, +the
undesired output power can be absorbed by the output bleeder
13; in order to achieve better efficiency at the rated output
power, the bleeder 13 can be an active bleeder rather than a
simple resistor.

In the embodiment of figure 2, the wvoltage of the
control signal 32 fed towards the controller 26 and the
oscillator 30 acts in a way that an increase in such voltage
corresponds to a reduction of the output power. Moreover, in
the same embodiment, the opto-coupler 34 is configured (i.e.
arranged and biased) in such a way that the voltage of the
control signal 32 fed towards the controller 26 and the

oscillator 30 corresponds to the output current from the
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opto-coupler, so that a reduction in that current will lead
to an increase in the output power.

Consequently, when the current on the opto-coupler 14
decreases (i.e. 1s lower) the output power increases, while,
conversely, when the current on the opto-coupler 14 increases
(i.e. 1s higher) the output power decreases.

To decrease the output power, the voltage of the control
signal over the line 32 approaches a maximum voltage level,
fixed by the control circuitry, used as a reference. The
circuit arrangement comprised of the two resistors 341 and
342 uses this voltage reference to set the auxiliary supply
voltage above the minimum wvalue that - when the output power
is reduced to the minimum dimming level - 1is required to
maintain the control circuitry turned on; therefore, also the
minimum switching frequency and, consequently, tThe minimum
output power are indirectly fixed.

When the dimming level approcaches the minimum, the opto-
coupler 34 will saturate, and the auxiliary supply voltage
Vauxr will be equal to the sum of 1) the voltage of the
control signal over the line 32, close to the maximum, 2) the
voltage across of the opto-coupler (which is saturated), and
3) the voltage drop across the resistor 341, as determined by
the current on the Dbranch. This current 1s equal to the
control voltage over the line 32 divided by the resistance
value of the resistor 342. Thus, the minimum auxiliary supply
voltage does not depend on the CTR (Current Transfer Ratio),
but mainly on the maximum control voltage over the line 32,
generally fixed by the control circuitry (i.e. the controller
26 and the oscillator 30 in the example shown). Of course,
without prejudice to the underlying principles of the
invention, the details and the embodiments may vary, even
significantly, with respect to what has been described and
illustrated, Jjust by way of example, without departing from

the scope of the invention as defined in the annexed claims.
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CLATIMS

1. A LED driver arrangement including:

- a switching-mode stage (12) to produce a drive current
for feeding at least one LED (L) from a DC input (10);

— a current sensor (18) sensitive to the current fed to
said at least one LED (L) for producing a feedback signal
indicative of the intensity of the drive current fed to said
at least one LED (L);

— error amplifier circuitry (24) for comparing said
feedback signal with a reference value indicative (20, 22) of
a LED current as requested by a user and generating a control
signal (32);

- control circuitry (26, 28, 30) sensitive to said
control signal (32) to control said switching-mode stage (12)
whereby the drive current fed by said switching-mode stage
(12) to said at 1least one LED (L) corresponds to said LED
current as requested by a user,

characterized in that it includes:

- an opto-coupler (34) to feed said control signal (32)
to said control circuitry (26, 28, 30); said opto-coupler
(34) having associated Dbiasing circuitry (341, 342) for
causing the current on said opto-coupler (34) to increase
when said LED current as requested by a user decreases, said
opto-coupler (34) configured to saturate when the drive
current fed by said switching-mode stage (12) to said at
least one LED (L) reaches a minimum level;

- an auxiliary supply voltage (Vaux1) for said control
circuitry (26, 28, 30), wherein said auxiliary supply voltage
(Vaux1) 1s kept above a minimum level by said opto-coupler
(34) and the associated biasing circuitry (341, 342), when

such opto-coupler (34) 1s saturated.

2. The driver arrangement of claim 1, characterized in
that said switching-mode stage (12) includes a magnetic
device (122) and said auxiliary supply voltage (V.ux1) for
said controller circuitry (26, 28, 30) 1is provided by an

auxiliary winding of said magnetic device (122).
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3. The driver arrangement of either of claims 1 or 2,
characterized in that said opto-coupler (34) includes an
output phototransistor whose collector and emitter are
connected to said auxiliary supply voltage (Vaux1) and to
ground, respectively, via respective resistors (341, 342) and
in that the voltage on said emitter is transmitted as said
control signal (32) towards said controller circuitry (26,
28, 30).

4, The driver arrangement of any of the preceding
claims, characterized in that said error amplifier circuitry
(24) includes an integrating element for generating a control
signal (32) representative of the integral of the difference
between the intensity of the current fed to said at least one

LED (L) and said LED current as requested by a user.

5. The driver arrangement of any of the preceding
claims, characterized in that said switching-mode stage (12)
has a topology selected out of buck, boost, and buck-boost

and the related insulated topologies.

6. The driver arrangement of any of the preceding
claims, characterized 1in that it includes a bleeder (13)
interposed between said switching-mode stage (12) and said at
least one LED (L) fed thereby.

7. The driver arrangement of any of the preceding
claims, characterized in that said current sensor (18) 1is

series connected with said at least one LED (L).

8. The driver arrangement of any of the preceding
claims, characterized in that it includes a user interface
(20) for permitting a user to selectively set said LED

current as requested by a user.
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9. The driver arrangement of any of the preceding
claims, characterized in that said control circuitry includes
at least one of:

- a Continuous-Conduction-Mode/Discontinuous—-Conduction-
Mode controller (26) for driving said switching-mode stage
(12) according to said control signal (32); and

- an oscillator (30) for driving said switching-mode

stage (12) according to said control signal (32).

10. The driver arrangement of claim 9, characterized in
that said control circuitry includes both of said controller
(26) and said oscillator (30) as well as logical circuitry
(28) coupled to said controller (26) and said oscillator
(30) for causing said switching-mode stage (12) to be driven,
selectively, by said controller (26) or said oscillator (30)

as a function of said LED current as requested by a user.

11. A method of driving a LED, the method including the
steps of:

— producing, in a switching-mode operation (12), a drive
current for feeding at least one LED (L) from a DC input
(10);

— sensing (18) the current fed to said at least one LED
(L) and producing a feedback signal indicative of the
intensity of the drive current fed to said at least one LED
(L) ;

- comparing (24) said feedback signal with a reference
value indicative (20, 22) of a LED current as requested by a
user and generating a control signal (32);

- controlling wvia control circuitry (26, 28, 30) the
drive current fed to said at least one LED (L) as a function
of said control signal (32) to cause the drive current fed to
said at least one LED (L) to correspond to said LED current
as requested by a user,

characterized in that it includes the steps of:

- feeding said control signal (32) to said control
circuitry (26, 28, 30) wvia an opto-coupler (34) having

associated biasing circuitry (341, 342) for causing the
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current on the opto-coupler (34) to increase when said LED
current as requested by a user decreases, said opto-coupler
(34) configured to saturate when the drive current fed to
said at least one LED (L) reaches a minimum level;

- supplying said control circuitry (26, 28, 30) by means
of an auxiliary supply voltage (V.ux1) set via said opto-
coupler (34) and the associated biasing circuitry (341, 342),
whereby said auxiliary supply voltage (Vaux1) 1s kept above a
minimum level by said opto-coupler (34) and the associated
biasing circuitry (341, 342), when said opto-coupler (34) is

saturated.
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