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(57)  Adrive circuit (20) is disclosed for powering an
LED chain 11 even if the chain presents an unusual high
forward voltage drop. This may be due to extraordinary
low temperature, connecting more LEDs in the chain,
aging or the like. It is considered to raise the DC voltage
for powering the LEDs at least if those unusual high volt-
age drop conditions occur. If so, however, the LED cur-

LED driver circuit with constant power safe operating area

rent otherwise kept constant will be reduced in that sec-
ond mode of operation. The DC voltage source (23) can
be designed for a maximum power which is equal to a
constant power in the second mode Il of operation. Pref-
erably, the reduction of the LED current is such that the
power applied to the LEDs will be kept at a given constant
value.
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Description

[0001] The invention relates generally to a driver cir-
cuitry for driving one or several LEDs and in particular to
a driver circuitry for driving one or several LEDs for light-
ing purposes and/or for high power signalling purposes.
[0002] Driving circuits are known for providing current
to LEDs by using switches and inductors which are pe-
riodically charged from a DC source and discharged to
LEDs for providing current to them. Basically it is known
to control the power supplied to the LEDs. WO
2010/118944 A1 discloses a circuitry of the switched in-
ductor type in which the duty cycle of the switch is regu-
lated for controlling the power to the LED. For doing so
a signal representing the mean value of the LED current
will be compared with a reference value and the duty
cycle of the switch will be adjusted accordingly. Alterna-
tively, the signal can be derived from the voltage across
the LED.

[0003] While it is basically known to regulate the LED
current according to the LED voltage or a given reference
value, problems may arise if the LEDs are exposed to
very low temperatures. The forward voltage of the LEDs
increases very much if the LED is exposed to tempera-
tures far below 0°C. The forward voltage may increase
such that it reaches or even exceeds the voltage of the
DC source the LED current is derived from. As a result
it may be that the supply circuitry is not able to power the
LEDs under those conditions. If so the LEDs do not light.
If this occurs, dangerous situations may result. Increas-
ing the DC voltage, however, can destroy the (very) cold
LEDs even if the LED current is limited or kept constant
at the rated current.

[0004] It is an object of the present invention to over-
come at least one of the problems mentioned before.
[0005] The inventive LED power supply is basically
adaptedto supply LED current even if the forward voltage
ofthe LEDs is heavily increased e.g. because of low tem-
peratures. It may have an increased internal voltage DC
source having a voltage which is higher than the, under
worst conditions, largest expectable forward voltage of
the LED or chain of LEDs connected to the supply. Even
a safety margin may be present so that the DC voltage
may be some volts above the highest expectable forward
voltage.

[0006] The invention provides that the driver circuit
comprises a converter circuit of any usable type. Prefer-
ably a buck-type converter is used for supplying current
to the LED or chain of LEDs. The converter circuit can
be operated in any suitable way, e.g. in a continuous
current mode in which the switch is closed before the
freewheeling current of the inductor reached zero. It may
also be operated in different modes, e.g. the critical mode
in which the switch is closed just when the freewheeling
current of the inductor reaches Zero. Alternatively, it may
be driven in an intermittent mode in which the switch is
closed after a small amount of time in which the current
remained zero. No matter what mode is used for operat-
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ing the converter circuitry it may assume two different
operational modes. A first mode is used during regular
operation if the forward voltage of the LED or chain of
LEDs is within an expected normal range. The converter
circuit supplies current having a defined mean value to
the LEDs in this first mode of operation. Alternatively the
converter circuit may supply current having a defined root
mean square value (RMS) to the LEDs in this first mode
of operation. Furthermore the converter circuit may sup-
ply current having any other defined characteristic to the
LEDs in this first mode of operation, as there is the peak
value or the like.

[0007] The converter circuit may assume a second
mode of operation if the forward voltage of the LED or
chain of LEDs exceeds a given value. The second mode
of operation is defined by supplying a reduced current to
the LED or chain of LEDs. By using a reduced LED cur-
rent in the second mode of operation, a safe operating
mode is established. This extends the useful temperature
range in which the LEDs may be operated. The LED cur-
rent may be adjusted such that the LEDs will be safely
heated up until reaching sufficient operating temperature
and sufficiently low forward voltage. The converter circuit
will switch into the first mode of operation if the forward
voltage falls below a given reference value.

[0008] In apreferred embodiment the first mode of op-
eration is a constant current operating mode while the
second mode of operation may be a constant power op-
erating mode in the sense explained above. The more
the forward voltage exceeds the given reference value
the lower will be the LED current. It is noted, however,
that the second mode of operation may use different ap-
proaches. ltis possible, for example, to supply a reduced
fixed current to the LEDs which, in the second mode of
operation, is considerably lower than the current in the
first mode of operation.

[0009] In all embodiments it is possible to vary the DC
source voltage internally provided for powering and sup-
plying the buck converter. Preferably, the DC voltage is
set to a first lower value for operating the driver circuit in
the first mode of operation. Further it is preferred to set
the DC source to a second higher value for operating the
driver circuit in the second mode of operation. The tran-
sition may be done stepwise in one single larger or sev-
eral smaller steps and in a continuous ramping transition
process as well. Itis also possible to raise the voltage of
the DC source in a fixed relation to the LED forward volt-
age in the second mode of operation. So it is possible to
keep constant the difference between the DC source volt-
age and the LED forward voltage. It is at least possible
to keep positive the difference between the DC source
voltage and the LED forward voltage.

[0010] Further advantages and aspects of the inven-
tion are to be taken from the drawings, the description
and dependent claims.

[0011] Embodiments of the invention are to be taken
from the drawings in which:
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Figure 1 discloses the overall structure of the inven-
tive driver circuit;

Figure 2 illustrates a signal indicating the voltage
across the LED or chain of LEDs, reference signal
and their difference.

Figure 3 illustrates a signal indicating the voltage
across the LED or chain of LEDs if the voltage ex-
ceeds a given reference value;

Figure 4 illustrates the current through the LED or
chain of LEDS in two different modes of operation
of the driver circuit;

Figure 5illustrates the current through the LEDs sim-
ilar to Figure 3 according to another embodiment;

Figure 6 illustrates the basic structure of the inventive
buck converter using a current signal for controlling
the converter;

Figure 7 illustrates the buck converter of Figure 6 in
more details; and

Figure 8 illustrates an alternative embodiment of the
buck converter of Figure 6.

[0012] Referring to Figure 1 at least one LED 10, pref-
erably however, a chain 11 of LEDs 10, 12, 13, 14, 16,
17, 18, 19 connected in series one to another is powered
by an inventive driver circuit 20. The LEDs 10 to 19 of
the chain 11 may be used to light outside areas or any
other sites which are prone to highly varying tempera-
tures as there are warehouses, cooled stores, lights on
ships, aircrafts, stacks, wind turbines, cars, motorcycles,
bicycles or the like. Itis noted, however, that the invention
is not restricted to applications mentioned before. To the
contrary, it can be applied to all lighting or signalling ap-
plications for indoor and/or outdoor use.

[0013] The chain 11 is powered by the driver circuit 20,
which supplies current to the LED chain 11 through lines
21 and 22. The voltage between the two lines 21, 22 is
defined by the sum of the forward voltages of all LEDs
10 to 19 of the chain 11. In particular, for powerful lighting
applications the number of LEDs may be that high that
the total forward voltage may exceed 200 volts (e.g. 240
V). It is noted that further chains of LEDs may be con-
nected in parallel to chain 11. Also groups of LEDs may
be connected in parallel one to another. That, however,
does not change anything to the forward voltage which
also in those cases may be relatively high and increase
with lower temperatures or for other reasons.

[0014] The driver circuit 20 comprises a DC power
source 23, which provides DC voltage on line 21. The
other end of the DC voltage source 23 is grounded at 24.
DC voltage source 23 may provide a fixed DC voltage
which is well above the forward voltage of the chain 11
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under all circumstances. This is in particular true if the
forward voltage of the LEDs is varying due to external
facts like temperature, aging or the like. However, as an
alternative conceptin all embodiments disclosed and de-
scribed above and/or below, the DC voltage source 23
may produce a variable voltage which may be low but
still exceeding the forward voltage of the chain 11 if the
forward voltage has a first lower value, and which DC
voltage is rather high if the forward voltage of the chain
11 is increased for one reason or another. So it can al-
ways be made sure thatthe DC voltage atline 21 exceeds
the forward voltage of the chain 11 by all means.
[0015] The DC voltage source 23 may be of any suit-
able type. Preferably, it is powered by the mains supply
or any other source, which can be AC or DC of higher or
lower voltage. For connecting with the mains, DC source
23 comprises a mains input 25. Any usable power factor
correction circuit (PFC) may be used for generating DC
power from the alternating mains voltage. The power fac-
tor correction circuit may be from the isolating type if de-
sired. It may comprise a rectifier unit and a step-up con-
verter connected thereto. It may be of the fixed output
voltage type. Alternatively, it may comprise a control input
26 for receiving a signal S and will adjust the output DC
voltage accordingly.

[0016] The current for powering the LED chain 11 is
supplied by a buck converter 27 drawing current from
line 21 through the series connection of the LED chain
11 and an inductor 28. The inductor 28 may be connected
to line 22 as illustrated in Figure 1 or be connected to line
21, alternatively. It may as well be split into two inductors
connected to lines 21 and 22, accordingly. A diode 29
provides a freewheeling part for the LED current | gp and
closes a conductive loop. The buck converter 27 further
comprises a switch arrangement 30 comprising a switch
for providing a conductive path from line 22 to the ground
24. Further it comprises a drive circuit 31 for controlled
closing and opening the switch. The drive circuit 31 of
the switching arrangement 30 comprises at least one in-
put 11, which is connected to a current sensing means
32, which is adapted to sense at least a portion of the
current || gp flowing through the LED chain 11. Current
sensing means 32 may be placed at any suitable branch
or node of the circuit.

[0017] The controller 31 comprises another input 12 for
receiving a signal S indicating the forward voltage
present at the chain 11.

[0018] The inventive drive circuit 20 comprises a mode
selector unit 33, which is connected to the LED chain 11
and the control input 12. The mode selector unit 33 com-
prises a differential amplifier unit 34 the inputs of which
are connected to both ends of the chain 11 e.g. to lines
21 and 22. The output of the differential amplifier unit 34
is connected to a block 35 which is differential amplifier,
for subtraction the reference signal R provided by a block
36 from the output signal V provided by a block 34. The
output signal of the block 35 is a signal S* which is sup-
plied to a block 37. Logic block 37 passes the signal S*
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to its output were it appears as signal S. If the signal S*,
however, is smaller as, or equal to, zero the output signal
S will be zero too. The signal S is supplied to the control
input 12 via line 38 and optionally to control input 26, if
present.

[0019] In operation, DC voltage source 23 provides a
fairly high voltage of approximately 460 V (DC) or any
other suitable value. It is assumed that the forward volt-
age of the LED chain 11 is well below that value. The
forward voltage may be for example 240 V. The driver
circuit 20 assumes a first mode | of operation, which is a
current controlled mode of operation. The forward volt-
age across the LED chain 11 is sensed by the differential
amplifier unit 34, which presents a respective signal to
one input of block 35. Block 35 subtract the reference
value R of block 36 from output signal V provided by a
block 34. If the output of differential amplifier 34 is smaller
than the reference value supplied by block 36 the signal
S*isbelow Zero. If, however, the output of the differential
amplifier 34 exceeds the reference value provided by the
block 36, the signal S* will be positive and the block 37
will set the signal S equal to S*.

[0020] In normal operation the forward voltage across
the chain 11 is below a certain limit. The signal V at the
output of the differential amplifier 34 is smaller than the
reference signal R. Consequently no signal S is present
on line 38. In terms of block 37 the signal S is zero. This
state characterizes the first mode | of operation. The con-
troller 31 does notreceive a significant control signal from
block 37. The only thing controller 31 does, is controlling
the switch of the buck converter 27 in any suitable way
for keeping the average value (or any other feature de-
fining the strength of the current) of the LED current | gp
flowing through lines 21 and 22 equal to a desired con-
stant value. Consequently, the first mode | of operation
is a current controlled mode. The strength of the current
is not dependent in any way from the forward voltage
when being in that first mode | of operation. It is noted
that the current flowing through the chain 11 is ramping
up and down and may be even zero, periodically. How-
ever, the mean value thereof is kept constant.

[0021] If however, for what reason ever, the forward
voltage across the chain 11 exceeds a given value, the
driver circuit 20 assumes a second mode |l of operation.
The increase of the forward voltage may be due to very
low temperature or other reasons. Block 35 will now find
the output signal V exceeding the reference value R and
present a positive interim signal S* at its output. Conse-
quently, the block 37 presents a positive signal S which
is fed to the control input 12 line 38. The result being that
the buck converter 27 reduces the current fed to the lamp
circuit, which is formed by the chain 11 and the inductor
28. The reduction of the current is preferably tuned such
that the product of the mean current through the chain
11 and the mean forward voltage is kept to constant de-
sired value.

[0022] Figure 2 illustrates a signal V provided by a
block 34 indicating the voltage across the LED or chain
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of LEDs, reference signal R provided by a block 36 and
their difference S*.

[0023] For illustrating the two different modes of oper-
ation reference is made to Figure 3. While the signal S
remains zero (or inactive in any other way) if the forward
voltage U gp is below a critical value R* the constant
current mode e.g. the first mode | of operation is taken.
If however the forward voltage U, gp exceeds the given
value R* the constant current operational mode e.g. the
second mode Il of operation is assumed.

[0024] Figure 4 illustrates the dependency of the LED
current | e and the forward voltage U gp. Depending
on whether the forward voltage U, g exceeds a set value
R* the first constant current mode of operation or the
second constant power mode of operation is assumed.
(The output R of the block 36 defines a reference value
for the signal V which is related to the forward voltage.
The reference value R* however compares directly to the
forward voltage.)

[0025] It is noted that numerous modifications can be
made on the invention. Figure 5 illustrates the behaviour
of the LED current | gp dependent from the forward volt-
age U| gp with dramatically reduced power in the second
mode Il of operation. While the first mode | of operation
is equal to the first modes described before the second
mode II* reduces the current more than described before.
Consequently, the power supplied to the LED chain 11
will stay below limits and not be constant which, however,
may be tolerable or even favourable.

[0026] If, in a modified embodiment, the line 39 is
present according to Figure 1 another modification of the
operation is possible. In this case the DC voltage source
23 will keep the DC voltage at line 21 to a somewhat
lower value as long as signal S is zero. It will switch the
DC voltage to a somewhat higher value at line 21 if the
signal S is present and above zero. Alternatively, it is
possible to raise the DC voltage at line 21 in proportion
to, or otherwise dependent of, signal S on line 39. So it
is made sure that the voltage at line 21 is always above
the forward voltage U, gp across the chain 11, no matter
whether the LEDs are very hot or very cold. On the other
hand, it is made sure that the voltage of the DC source
23 minus the voltage across the chain 11 will not exceed
a set value of e.g. 20V or 30V in any operating state.
Thus it is possible to use relatively small inductors and
a relatively narrow range of duty cycles and frequencies
in the switch arrangement 30.

[0027] Figure 6 illustrates the basic structure of the in-
ventive driver circuit 20 using a current i signal for rep-
resenting the signal S. The current i signal is fed to a
current sensing shunt 40 which is used as the current
sensing means 32. Both, the currenti signal and the LED
current | gp are fed through the shunt 40 which is con-
nected to a signal input IS of the buck converter 27. The
signal input IS replaces inputs 11 and 12 of the switching
arrangement 30 of figure 1. Further blocks 34, 35 and 37
are unified to one single block in figure 6. Block 42 of
figure 6 transforms the voltage signalinto a current signal.
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[0028] Inthefirstmode | of operationthe currentisignal
is zero. Consequently, the shunt 40 senses just the LED
current I gp. The driver circuit 20 is in the current control
mode.

[0029] If the current i signal is positive the current i
signal adds to the LED current | g so that the buck con-
verter tries to keep constant the sum of the LED current
I_Lep and the current i signal. Consequently, it reduces
the LED current | gp.

[0030] Figure 7 illustrates a somewhat modified em-
bodiment of the driver circuit 20 of figure 6. The buck
converter 27 uses a switch 41 connected in series with
the shunt 40. The voltage dropping on the shunt 40 is
supplied to the control input IS via a resistor R1. The
current i signal is supplied to the same control input IS
via aresistor R2. Transforming the signal S into a current
i signalis done by U/l converter 42. It uses an operational
amplifier in a basically known application.

[0031] Operational amplifier OPA 1 is rail-to-rail in-
put/output type with single supply voltage which provides
on the output OPA 1 the signal S.

[0032] Similarly, the blocks 34, 35 and 37 are built us-
ing at least one operational amplifier in a known wiring.
[0033] As can be seen, two currents are fed into the
input IS which currents are the current i signal and an-
other current defined by the voltage across the shunt 40
and the resistor R1. The latter characterizes the LED
current. If the current i is zero, the controller 31 will op-
erate the switch 41 in a way for keeping the LED current
I_gp constant. If, however, the currentiadds to the current
flowing through the resistor R2 the controller 41 will re-
duce the current flowing through the LED chain 11. Pref-
erably, the reduction is adjusted such that the power sup-
plied to the LED chain 11 will be kept constant.

[0034] Thesameistrueforthe modified buck converter
illustrated in figure 8. The only difference is to be found
in the wiring of the LED chain 11, the diode 29, the in-
ductor 28 and the switch 41. However, the description
given to Figure 1 to 7 totally applies to the modified buck
converter of Figure 7 in regard to the structural descrip-
tion and to the functional description as well.

[0035] A drive circuit 20 is disclosed for powering an
LED chain 11 even if the chain presents an unusual high
forward voltage drop. This may be due to extraordinary
low temperature, connecting more LEDs in the chain,
aging or the like. It is considered to raise the DC voltage
for powering the LEDs at least if those unusual high volt-
age drop conditions occur. If so, however, the LED cur-
rent otherwise kept constant will be reduced in that sec-
ond mode Il of operation. Preferably, the reduction of the
LED current is such that the power applied to the LEDs
will be kept at a given constant value.

Parts List:
[0036]
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Claims

Driver circuit (20) for driving an LED (10) or a chain
of LEDs (11) for signalling or lighting purposes com-
prising:

a converter circuit (27) adapted to supply to the
LED (10) or chain (11) of LEDs i) constant cur-
rent in a first mode (I) of operation and ii) de-
creased current in a second mode (1) of opera-
tion;

a mode selecting unit (33) for producing a signal
(i, s) indicating the voltage (U, gp) across the
LED (10) or chain (11) of LEDs if the voltage
(UL ep) orasignal (V) derived therefrom exceeds
a given reference value (R);

the converter circuit (27) comprising an input (i2,
is) being connected to the sensing circuit (34)
for receiving the signal (i, s), wherein the con-
verter circuit (27) is operated in the first mode
() of operation, if the signal (i, s) indicates the
voltage (U gp) or the signal (V) derived there-
from being below the given reference value (R),
and wherein the converter circuit (27) is operat-
ed in the second mode (Il) of operation, if the
signal (i, s) indicates the voltage (U gp) or the
signal (V) derived therefrom being above the giv-
en reference value (R).

Driver circuit according to claim 1, wherein the mode
selecting unit (33) comprises a differential amplifier
(34, OPA1) having a first input (+) connected to an-
ode of the LED (10) or chain (11) of LEDs and having
another input (-) connected to cathode of the LED
(10) or chain (11) of LEDs.

Driver circuit according to one of the preceding
claims, wherein the mode selecting unit (33) com-
prises a differential amplifier (35) having at least one
input for receiving a signal (V) which is proportional
to the voltage across the LED (10) or chain (11) of
LEDs and another input for receiving the reference
signal (R).

Driver circuit according to one of the preceding
claims, wherein a module (37) is provided for setting
the signal (i, s) to zero if the voltage across the LED
(10) or chain (11) of LEDs or the signal (V) derived
therefrom does not exceed the given value (R).

Driver circuit according to one of the preceding
claims, wherein a module (37) is provided for setting
the signal (i, s) to a positive nonzero value, if the
voltage across the LED (10) or chain (11) of LEDs
or the signal (V) derived therefrom does exceed the
given value (R).

Driver circuit according to one of the preceding
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10.

1.

12.

13.

claims, wherein a module (37) is provided for setting
the signal (i, s) to a value, which is proportional to
the difference between the voltage across the LED
(10) or chain (11) of LEDs or the signal (V) derived
therefrom, and the given reference value (R), if the
voltage across the LED (10) or chain (11) of LEDs
or the signal (V) derived therefrom does exceed the
given value.

Driver circuit according to one of the preceding
claims, wherein the signal (s) is an electrical current

.

Driver circuit according to one of the preceding
claims, wherein the converter circuit (27) comprises
a current sensing input (is) connected to a shunt (40)
the LED (10) or chain (11) of LEDs current is fed to.

Driver circuit according to claims 7 and 8, wherein
the signal (i, s) is fed to the current sensing input (i2,
is) whereby the signal (i) current adds to a signal
caused by the LED current (I gp).

Driver circuit according to one of the preceding
claims, wherein the decreased current (I gp) is ad-
justed such that any power produced by the LED
(10) or chain (11) of LEDs will not exceed a set max-
imum power in any operating state.

Driver circuit according to one of the preceding
claims, wherein the supply circuit (20), in the second
mode (Il) of operation, supplies constant power to
the LED (10) or chain (11) of LEDs.

Method for driving an LED (10) or a chain (11) of
LED for lighting and signalling purposes comprising:

sensing the voltage across the LED (10) or chain
(11) of LEDs,

supplying to at least one LED (10) or chain (11)
of LEDs constant current (I, gp) if the voltage
(UL ep) orasignal (V) derived therefrom is below
a given reference value (R),

supplying to at least one LED (10) or chain (11)
of LEDs decreased current (I gp) if the voltage
(U ep) orasignal (V) derived therefromis above
the given reference value (R).

Method according to claim 12, characterized by
providing a signal (s) which is neutral if the voltage
(ULep) across the LED (10) or chain (11) of LEDs or
a signal (V) derived therefrom is below the reference
value (R) and which is different from zero and pro-
portional to Voltage (U gp) across the LED (10) or
chain (11) of LEDs if the Voltage (U gp) across the
LED (10) or chain (11) of LEDs or a signal (V) derived
therefrom is above the reference value (R), and
adding the signal (s) to another signal derived from
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the current flowing through the LED (10) or chain
(11) of LEDs.

Method according to claim 12, characterized by
providing a current (i) which is zero if the voltage
(U_gp) across the LED (10) or chain (11) of LEDs or
a signal (V) derived therefrom is below the reference
value (R) and which is different from zero and pro-
portional to Voltage (U _gp) across the LED (10) or
chain (11) of LEDs if the Voltage (U _gp) across the
LED (10) orchain (11) of LEDs or a signal (V) derived
therefrom is above the reference value (R), and
adding the current (i) to another current derived from
avoltage caused by a current flowing through a shunt
(40) and characterizing the current (I gp) flowing
through the LED (10) or chain (11) of LEDs.
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