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Description

FIELD OF THE INVENTION

[0001] The present invention relates to power supplies,
and particularly to controlling the current of series-con-
nected light emitting diodes (LEDs).

BACKGROUND INFORMATION

[0002] When supplying power to a series connection
of LEDs, achieving a stable current or power through the
series connection is typically desirable. Conventionally
power supplies for LEDs are implemented as buck con-
verters, in which the current through the LEDs is deter-
mined by measuring a current through the main switch
of the converter. When using a buck converter, however,
the number of LEDs in series may be limited by the input
voltage of the converter. At low input voltages, only a few
LEDs can be connected in series.
[0003] In order to have more LEDs in series even at
low input voltages, a boost converter may be used for
driving the series connection. Control of a main switch
of a boost converter may be implemented by using a
dedicated pulse-width modulation (PWM) controller IC.
The controller controls the main switch to conductive and
non-conductive states in such a duty ratio that a desired
output current is generated.
[0004] The controller IC may include a comparator con-
figured to lim,it current through the main switch, for ex-
ample. The current limiting function may operate by lim-
iting the duty ratio of the PWM of the main switch. The
ICs may also include a comparator for limiting the output
voltage. If the output voltage is too high, the comparator
may disable the PWM until the output voltage decreases
to an acceptable level, for example.
[0005] Determining the current through the LEDs in a
boost converter is not as simple as in a buck converter,
since the output voltage also affects the current of the
main switch. Instead, the current through the LEDs may
be determined more directly by using a measurement
resistor in series with the LEDs.
[0006] However, the level of internal reference volt-
age(s) for the comparator(s) is typically around 1.25 V.
Thus, the feedback signal representing the measured
current may have to be at this level. Such a voltage over
the current measurement resistor may lead to significant
power losses in the resistor.
[0007] In order to avoid excessive power losses in the
measurement resistor, a measurement with a smaller re-
sistance may be used and the voltage over the meas-
urement resistor may be amplified. Figure 1 shows an
exemplary boost converter, where the measured voltage
is amplified by using an operational amplifier. The boost
converter is used to drive a series connection of LEDs
10. The main switch Q1 of the converter is controlled by
a PWM controller IC U1. The controller U1 comprises a
comparator and an internal reference voltage vref.

[0008] In Figure 1, the voltage over a current meas-
urement resistor R1 is amplified by using an amplifying
circuitry 11 comprising an operational amplifier U2. The
amplifying circuitry 11 also acts as a low-pass filter for
the measured voltage. The circuitry 11 brings the current
measurement to a voltage level that can be used in the
controller U1. However, this implementation requires the
use of relatively complex circuitry comprising a sufficient-
ly accurate operational amplifier, which may make the
implementation less cost-effective.
[0009] Publication "ZXSC400 LED DRIVER BOOST
CONVERTER", January 2003, describes a voltage mode
driver boost converter.
[0010] Publication "TPS61500 3-A Boost Converter for
High Brightness LED Driver With Multiple Dimming Meth-
ods", December 2008, describes a monolithic switching
regulator.
[0011] Publication "TPS40210 4.5-V TO 52-V INPUT
CURRENT MODE BOOSTCONTROLLER", March
2008, describes a non-synchronous boost controller.
[0012] US patent publication US 2012/0049755 A1 de-
scribes an LED drive circuit.
[0013] US patent publication US 2012/043902 A1 de-
scribes an LED driver circuit.
[0014] In each of the above publications separate cur-
rent feedback signals from LED-string and main switch
path are fed to the controller.

BRIEF DISCLOSURE

[0015] An object of the present invention is to provide
a method and a converter implementing the method so
as to alleviate the above disadvantages. The objects of
the invention are achieved by a method and a converter
which are characterized by what is stated in the inde-
pendent claims. The preferred embodiments of the in-
vention are disclosed in the dependent claims.
[0016] The method of the present disclosure uses a
boost converter for controlling a current through series-
connected LEDs. A robust current feedback signal may
be formed by combining two measurements: a measure-
ment of the main switch current and a measurement of
the LED string current. The currents may be measured
as voltages over current measurement resistors.
[0017] The measured voltages may be combined by
connecting them to a common point through resistors.
The voltage at the common point represents a weighted
average of the measured voltages and may be used as
the current feedback signal. The resistances of the cur-
rent measurement resistors form weighting factors for
the formed average. The weighted average may also
comprise a constant voltage term that raises the formed
value of the average and, thus, allows lower resistances
of the current measurement resistors to be used.
[0018] The present disclosure describes a simple and
robust implementation for controlling output current. The
current feedback signal may be formed without amplifi-
cation of the output current measurement signal. Thus,
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no operational amplifier is required.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In the following the invention will be described
in greater detail by means of preferred embodiments with
reference to the attached drawings, in which

Figure 1 shows an exemplary boost converter, where
the measured voltage is amplified by using an oper-
ational amplifier; and
Figure 2 shows an exemplary embodiment of the
method of the present disclosure.

DETAILED DISCLOSURE

[0020] The present disclosure describes a method for
controlling a boost converter that supplies current to a
series connection of light-emitting diodes (LEDs). The
boost converter may comprise a series connection of a
main inductance and a main switch between the supply
terminals. A series connection of a main diode and a load
(i.e. the LEDs) may be connected in parallel with the main
switch and, thus, form an alternative route for the current
through the main inductor when the main switch is non-
conducting.
[0021] In the method, the switching state of a main
switch may be controlled on the basis of a feedback signal
that is a weighted average of at least two signals including
a first signal representing the current through the series
connection of the light-emitting diodes and a second sig-
nal representing a current through a main switch of the
boost converter. The first signal may be measured as a
voltage over a first measurement resistor in series with
the LEDs. The second signal may be measured as a
voltage over a second measurement resistor in series
with the main switch.
[0022] During a conducting state of the main switch,
the current through the main switch and the main inductor
increases linearly. Thus, the second signal has a saw-
tooth shape. The first signal may be a DC current at a
desired level.
[0023] A weighted average of these signals is still saw-
tooth-shaped but now has a constant offset and a lower
peak-to-peak amplitude than the second signal. The level
of the offset depends on the first signal, i.e. on the current
through the LED string. Thus, a duty ratio of the main
switch may be controlled on the basis of the feedback
signal. The formed current feedback signal may be sup-
plied to an input of a PWM controller IC limiting the duty
ratio, for example. The controller IC may comprise a com-
parator that compares a current measurement with a ref-
erence level, and if the level is exceeded, limits the duty
ratio by switching the main switch off.
[0024] By increasing the level of the second signal (i.e.
the voltage over the second measurement resistor), the
level of the first signal (i.e. the voltage over the first meas-
urement resistor) may be reduced while maintaining the

same level of the weighted average.
[0025] To further reduce the measurement voltage of
the current through the LEDs, the weighted average may
further comprise a constant voltage term. In the weighted
average, a constant voltage term that is higher than the
reference level of the comparator allows the use of lower
signal levels for the first signal and the second signal.
[0026] The present disclosure also describes a boost
converter for supplying current to a series connection of
light-emitting diodes. The boost converter implements
the method of the present disclosure.
[0027] A duty ratio of a main switch of the boost con-
verter may be configured to be controlled on the basis of
a current feedback signal. The converter may comprise
a control IC that controls the duty ratio on the basis of a
comparison between the feedback signal and a reference
level.
[0028] In the boost converter of the present disclosure,
the current feedback signal may be formed as a weighted
average of at least two signals including a first signal
representing the current through the series connection
of LEDs and a second signal representing a current
through the main switch. The weighted average may be
formed by connecting the first and second signals to a
common point through resistors, for example. Inverse
values of the resistances of the resistors can be consid-
ered to represent weighting coefficients of the weighted
average. The weighted average formed in this manner
may further include a constant voltage term formed by a
voltage reference, for example.
[0029] Figure 2 shows an exemplary embodiment of
the method of the present disclosure. The boost convert-
er in Figure 2 comprises a series connection of a main
inductance L1 and a main switch Q1 between the supply
terminals X1 and X2. The main switch Q1 may be a MOS-
FET or a BJT, for example. A series connection of a main
diode D1 and LEDs 21 is connected in parallel with the
main switch Q1 and, thus, form an alternative route for
the current through the main inductor L1 when the main
switch Q1 is non-conducting.
[0030] The boost converter supplies current to the se-
ries connection of LEDs 21. A duty ratio of the main switch
Q1 is configured to be controlled on the basis of a current
feedback signal. In Figure 2, a PWM controller IC U1
receives the current feedback signal and drives the gate
of the switch Q1 on the basis thereof. Only two terminals
of the controller U1 are shown.
[0031] The controller U1 controls the switch to a non-
conductive or conductive state on the basis of a compar-
ison between the control feedback signal and a reference
voltage vref. In Figure 2, the reference voltage vref is gen-
erated inside the controller U1.
[0032] The current feedback signal in Figure 2 is
formed as a weighted average of a first signal represent-
ing the current through the series connection of LEDs
and a second signal representing a current through the
main switch. The first signal is a voltage over a first meas-
urement resistor Rm,1 in series with the LEDs 21. The
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second signal is a voltage over a second measurement
resistor Rm,2 in series with the main switch Q1.
[0033] The weighted average is formed by connecting
the first signal and the second signal to a common point
through weighting resistors Rw,1 and Rw,2. The voltage
at the common point may be used as the current feedback
signal. The weighting resistors Rw,1 and Rw,2 may be
selected such that changes in the current through the
LEDs have more effect on the average than changes in
the current through the main switch.
[0034] In order to further decrease the levels of the first
and second signals, the weighted average in Figure 2
may further include a constant voltage formed by a volt-
age reference. In Figure 2, a voltage reference circuitry
22 generates a constant voltage that is supplied to the
common point through a resistor Rw,3.
[0035] It is obvious to a person skilled in the art that
the inventive concept can be implemented in various
ways. The invention and its embodiments are not limited
to the examples described above, but may vary within
the scope of the claims.

Claims

1. A boost converter for supplying current to a series
connection of light-emitting diodes (21), wherein
the boost converter comprises :

a main switch (Q1),
a controller configured to control
a duty ratio of the main switch (Q1) on the basis
of a current feedback signal, and characterized
by comprising: means for forming the current
feedback signal as a weighted average of at
least two signals including a first signal repre-
senting the current through the series connec-
tion of the light-emitting diodes (21) and a sec-
ond signal representing a current through the
main switch (Q1).

2. A boost converter according to claim 1, wherein
the first signal is a voltage over a first resistor (Rm,1)
in series with the light-emitting diodes (21),
the second signal is a voltage over a second resistor
(Rm,2) in series with the main switch (Q1), and
the weighted average is formed by connecting the
first signal and the second signal to a common
through resistors (Rw,1, Rw,2).

3. A boost converter according to claim 2, wherein the
weighted average further includes a constant volt-
age formed by a voltage reference (22).

4. A method for controlling a boost converter supplying
current to a series connection of light emitting diodes
(21), characterized in that the method comprises
forming a current feedback signal as a weighted av-

erage of at least two signals including a first signal
representing the current through the series connec-
tion of the light-emitting diodes (21) and a second
signal representing a current through a main switch
(Q1) of the boost converter, and
controlling a duty ratio of the main switch (Q1) on the
basis of the current feedback signal.

Patentansprüche

1. Aufwärtswandler zum Liefern von Strom an eine Rei-
henschaltung von Leuchtdioden (21), wobei
der Aufwärtswandler aufweist:

einen Hauptschalter (Q1),
eine Steuereinrichtung, die dazu ausgelegt ist,
einen Tastgrad des Hauptschalters (Q1) auf
Grundlage eines Stromrückkopplungssignals
zu steuern, und dadurch gekennzeichnet ist,
dass er aufweist:
eine Einrichtung zum Bilden des Stromrück-
kopplungssignals als ein gewichteter Mittelwert
von mindestens zwei Signalen, die ein erstes
Signal, das den Strom durch die Reihenschal-
tung der Leuchtdioden (21) darstellt, und ein
zweites Signal, das einen Strom durch den
Hauptschalter (Q1) darstellt, umfassen.

2. Aufwärtswandler nach Anspruch 1, wobei
das erste Signal eine Spannung über einen ersten
Widerstand (Rm,1) ist, der in Reihe mit den Leucht-
dioden (21) geschaltet ist,
das zweite Signal eine Spannung über einen zweiten
Widerstand (Rm,2) ist, der in Reihe mit dem Haupt-
schalter (Q1) geschaltet ist, und
der gewichtete Mittelwert durch Verbinden des ers-
ten Signals und des zweiten Signals mit einer ge-
meinsamen Leitung durch Widerstände (Rw,1, Rw,2)
gebildet wird.

3. Aufwärtswandler nach Anspruch 2, wobei der ge-
wichtete Mittelwert ferner eine konstante Spannung
umfasst, die durch eine Spannungsreferenz (22) ge-
bildet wird.

4. Verfahren zum Steuern eines Aufwärtswandlers, der
Strom an eine Reihenschaltung von Leuchtdioden
(21) liefert, dadurch gekennzeichnet, dass das
Verfahren aufweist
Bilden eines Stromrückkopplungssignals als ein ge-
wichteter Mittelwert von mindestens zwei Signalen,
die ein erstes Signal, das den Strom durch die Rei-
henschaltung der Leuchtdioden (21) darstellt, und
ein zweites Signal, das einen Strom durch einen
Hauptschalter (Q1) des Aufwärtswandlers darstellt,
umfassen und
Steuern eines Tastgrads des Hauptschalters (Q1)
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auf Grundlage des Stromrückkopplungssignals.

Revendications

1. Convertisseur élévateur pour fournir du courant à
une connexion en série de diodes électrolumines-
centes (21), dans lequel
le convertisseur élévateur comprend
un commutateur principal (Q1),
un dispositif de contrôle configuré pour contrôler un
rapport de service du commutateur principal (Q1) sur
la base d’un signal de retour d’information de cou-
rant,
et caractérisé en ce qu’il comprend :
un moyen pour former le signal de retour d’informa-
tion de courant sous la forme d’une moyenne pon-
dérée d’au moins deux signaux comprenant un pre-
mier signal représentant le courant traversant la con-
nexion en série des diodes électroluminescentes
(21) et un deuxième signal représentant un courant
traversant le commutateur principal (Q1).

2. Convertisseur élévateur selon la revendication 1,
dans lequel
le premier signal est une tension sur une première
résistance (Rm,1) en série avec les diodes électrolu-
minescentes (21),
le deuxième signal est une tension sur une deuxième
résistance (Rm,2) en série avec le commutateur prin-
cipal (Q1), et
la moyenne pondérée est formée par connexion du
premier signal et du deuxième signal à un commun
à travers des résistances (Rw,1, Rw,2).

3. Convertisseur élévateur selon la revendication 2,
dans lequel la moyenne pondérée comprend en
outre une tension constante formée par une référen-
ce de tension (22).

4. Procédé de commande d’un convertisseur élévateur
fournissant du courant à une connexion en série de
diodes électroluminescentes (21), caractérisé en
ce que le procédé comprend
la formation d’un signal de retour d’information de
courant sous la forme d’une moyenne pondérée d’au
moins deux signaux comprenant un premier signal
représentant le courant traversant la connexion en
série des diodes électroluminescentes (21) et un
deuxième signal représentant un courant traversant
un commutateur principal (Q1) du convertisseur élé-
vateur, et
le contrôle d’un rapport de service du commutateur
principal (Q1) sur la base du signal de retour d’infor-
mation de courant.

7 8 



EP 2 897 272 B1

6



EP 2 897 272 B1

7

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 20120049755 A1 [0012] • US 2012043902 A1 [0013]

Non-patent literature cited in the description

• ZXSC400 LED DRIVER BOOST CONVERTER, Jan-
uary 2003 [0009]

• TPS61500 3-A Boost Converter for High Brightness
LED Driver With Multiple Dimming Methods, Decem-
ber 2008 [0010]

• TPS40210 4.5-V TO 52-V INPUT CURRENT MODE
BOOSTCONTROLLER, March 2008 [0011]


	bibliography
	description
	claims
	drawings
	cited references

