
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
24

7 
12

0
A

1
*EP004247120A1*

(11) EP 4 247 120 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
20.09.2023 Bulletin 2023/38

(21) Application number: 22162668.2

(22) Date of filing: 17.03.2022

(51) International Patent Classification (IPC):
H05B 45/375 (2020.01) H02M 3/158 (2006.01)

(52) Cooperative Patent Classification (CPC): 
H05B 45/375; H02M 1/0025; H02M 3/1588; 
H02M 1/0058 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(71) Applicant: Tridonic GmbH & Co KG
6850 Dornbirn (AT)

(72) Inventors:  
• Maldoner, Jakob

6850 Dornbirn (AT)
• Marte, Patrick

6850 Dornbirn (AT)
• Dimic, Nikola

6850 Dornbirn (AT)

(74) Representative: Rupp, Christian et al
Mitscherlich PartmbB 
Patent- und Rechtsanwälte 
Karlstraße 7
80333 München (DE)

(54) SYNCHRONOUS BUCK CONVERTER FOR SUPPLYING A LED LOAD

(57) A synchronous buck converter for supplying a
LED load comprises:
- a high side switch and a low side switch connected in
series,
- an inductor connected to the midpoint of these switches,
and
- a control circuitry controlling the alternate switching op-
eration of the two switches,
wherein the switches are controlled such that there are
time periods in which a negative current is flowing through
said low side switch,

wherein the control circuitry is supplied with a feedback
signal indicating the level of the negative current and is
arranged to issue a switching-off command to the low
side switch as soon as the feedback signal reaches or
crosses a threshold value,
wherein a least one feedback from the LED load is fed
back to the control circuitry, and
wherein the at least one feedback signal comprises at
least one of LED voltage and LED current.

The control circuitry is arranged to adapt its threshold
value depending on the at least one feedback signal.
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Description

[0001] Synchronous buck converter for LED applica-
tions are known as such. E.g. Texas Instruments offers
a sync buck controller TP S92640 for dimming LED driv-
ers. Such sync buck converter typically are provided with
a high side switch and a low side switch connected in
series and supplied with a DC voltage. The midpoint of
the switches is connected to a buck inductor which charg-
es a capacitor. The LED load is connected at output ter-
minals of the converter and in parallel to said capacitor.
During the conducting period of the low side switch an
increasing negative current is flowing until it reaches a
negative peak threshold causing the controller to issue
a command to interrupt the low side switch.
[0002] The inventors have found out that that there is
an issue in that there is a delay between the controller
issuing the command and the physical operation of in-
terrupting the current flow, which delay thus causes an
incorrect negative current peak. Further, the inventors
have found out that the magnitude of the delay is a func-
tion of the operation state of the LED load.
[0003] The invention targets at at least a reduction of
these problems.
[0004] This object is achieved by means of the features
of the independent claims. The dependent claims devel-
op further the central idea of the invention.
[0005] A first aspect of the invention proposes a syn-
chronous buck converter for supplying a LED load com-
prising:

- a high side switch and a low side switch connected
in series,

- an inductor connected to the midpoint of these
switches, and

- a control circuitry controlling the alternate switching
operation of the two switches,

wherein the switches are controlled such that there are
time periods in which a negative current is flowing through
said low side switch,

wherein the control circuitry is supplied with a feed-
back signal indicating the level of the negative cur-
rent and is arranged to issue a switching-off com-
mand to the low side switch as soon as the feedback
signal reaches or crosses a threshold value,
wherein a least one feedback from the LED load is
fed back to the control circuitry,
wherein the at least one feedback signal comprises
at least one of LED voltage and LED current,
wherein the control circuitry is arranged to adapt its
threshold value depending on the at least one feed-
back signal.

[0006] The control circuitry may comprises a plurality
of ICs, such as e.g. an ASIC and a microcontroller, where-
in the adaptation of the threshold value is performed by

the microcontroller communicating adapted threshold
values to the ASIC and being supplied with one or more
feedback signals indicating e.g. the LED current and/or
the LED voltage.
[0007] The adaptation may be limited within a preset
adaptation range.
[0008] The adaptation of the threshold value may be
only performed in case there is a variation of the feedback
back signal exceeding a preset hysteresis value.
[0009] The adaptation may be effected such that the
negative current value at the time point where the switch-
ing-off command is actually performed by the low side
switch is essentially constant even at varying LED volt-
age and/or LED current.
[0010] The threshold value may be the more reduced
the higher the LED voltage.
[0011] The threshold value may be the more reduced
the higher the LED current.
[0012] The threshold value may be adapted by deduc-
ing an LED current and/or LED voltage dependent ad-
aptation value from a preset threshold value.
[0013] The threshold value may be adapted only if the
LED current exceeds a given LED current threshold val-
ue.
[0014] The threshold value may be adapted in discrete
time increments, where a maximum adaptation step size
is given.
[0015] A further aspect of the invention relates to a
LED lighting unit comprising a LED converter and a LED
load supplied by such converter.
[0016] A still further aspect of the invention relates to
a method of operation of a synchronous buck converter
for supplying a LED load comprising:

- a high side switch and a low side switch connected
in series, and

- a control circuitry controlling the alternate switching
operation of the two switches,

wherein the switches are controlled such that there are
time periods in which a negative current is flowing through
said low side switch,

wherein the control circuitry is supplied with a feed-
back signal indicating the level of the negative cur-
rent and is arranged to issue a switching-off com-
mand to the low side switch as soon as the feedback
signal reaches or crosses a threshold value,
wherein a least one feedback from the LED load is
fed back to the control circuitry, wherein the at least
one feedback signal comprises at least one of LED
voltage and LED current,
wherein the control circuitry adapts its threshold val-
ue depending on the at least one feedback signal.

[0017] The invention also proposes an integrated cir-
cuit, such as e.g. a microcontroller, arranged to imple-
ment the adaptation step of such method.
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[0018] Finally the invention also proposes an integrat-
ed circuit system, such as e.g. an ASIC and a microcon-
troller, arranged to together implement the control circuit
functions of such method.
[0019] The invention will now be further explained by
means of the figures of the enclosed drawings.

Fig. 1 shows thematically a block diagram of a sync
buck converter

Fig. 2 shows thematically control signals and meas-
urement signals present in the sync buck converter
of Fig. 1

Fig. 3 shows the dependency of the actual negative
peak current of the buck inductor at different loads
(different LED voltages and nominal LED currents
respectively).

[0020] In Fig. 1 generally a sync buck converter refer-
ence with No. 2 is shown having a control circuitry 1,
which can be for example comprise an ASIC and a mi-
crocontroller.
[0021] The ASIC is issuing a high side control signal 3
to a high side switch 4 and a low side control signal 5 to
a low side switch 6. The two switches 4, 6, are connected
in series and supplied, on the high side potential, with a
DC voltage Vbus 7.
[0022] The midpoint 8 between the two switches 4, 6
is connected to a buck inductor 9 charging a capacitor
10. The LED load 11, which can be one or more LEDs,
is connected in parallel to the capacitor 10.
[0023] A measurement resistor (shunt) 11 is connect-
ed in series to the parallel connection of the capacitor 10
and the LED load 11. The low side potential of the low
side switch 5 as well as the low side potential of the re-
sistor 11 are connected to ground potential 12.
[0024] The voltage Vshunt at the measurement resis-
tor 11 is fed back as a signal 13 and is processed within
the control circuit 1 in two independent paths 14, 15. In
the path 14 the preferably low pass filtered (low pass filter
16), feedback signal Vshunt 14 is input to a current sense
pin ISNS_pin17, is amplified with adjustable gain 18, then
a AD converted 19 and finally compared to a nominal
current signal 20 using a comparable 21. This path 14
thus evaluates the time-averaged LED current.
[0025] Any deviation between the time-averaged feed-
back signal and a nominal signal 20, is objected to a
control algorithm which may be implemented for example
via a PI regulator 22. The PI regulator 22 issues a control
signal, which is D/A converted 23 and supplied to a com-
parator 24 the output of which is used for the high side
control signal 3. The second input of the comparator 24
is the unfiltered Led current feedback signal, such that
the comparator 24 output changes every time the current
value of the LED current feedback signal 15 reaches the
positive threshold peak set by the feedback regulator 22.
Thus, this high side control signal 3 determines the

switching on time period of the high side switch. Prefer-
ably thus the power transmitted by the synchronous buck
is adjusted by varying the on-time of the high side switch.
The on-time of the high side switch can be set directly
or, as it is the case in the example shown, indirectly by
setting and adjustable threshold for the positive buck in-
ductor current (and supplying this threshold to the com-
parator 24.
[0026] Now turning to the second path 15, wherein the
non-low pass filtered feedback signal 13 is input to a pin
SNS1 of the integrated control circuitry 1, then level shift-
ed 30 and supplied to the first comparator 24 (as ex-
plained above) as well as to a second comparator 31,
the output of which determines the switching-on time pe-
riod of the low-side switch.
[0027] The second control part 15 thus is especially
used in order to generate the low side control signal 5
and especially the moment when the negative current
through the inductor (as measured via the shunt 11)
reaches or crosses a given negative threshold which may
be supplied via 32 from the microcontroller mc to the ASIC
of the integrated control circuitry 1. Optionally only the
adjustment of the negative current peak may be used for
adjusting the power transmitted by the Synchronous
buck.
[0028] Now, an operation of the sync buck converter
of Fig. 1 will be shortly explained with reference to Fig. 2.
[0029] As can be seen in Fig. 2a, the high side switch
4 is only switched conducting after the expiration of a
dead time after the switching off (non-conducting) of the
low side switch.
[0030] As can be seen in Fig. 2b the same as is true
for the low side switch, which is only switched conducting
after the lapse of a dead time after the switching off (non-
conducting) of the high side switch).
[0031] Figure 2c shows the voltage sensed as feed-
back signal Vshunt 13 (and having an essentially trian-
gular shape with rising and falling edges) as well as the
average current 40 after the low pass filtering 16.
[0032] Figure 2D shows the input signal in the second
processing part 15, which has the same triangular shape
as the signal of signal of figure 2C, but which has been
level shifted using the current source 30 and the resistor
41 of figure 1.
[0033] Finally, figure 2E shows the output signals of
the comparator 24 labeled 25’ as well as of the compa-
rator 31 labeled 31/.
[0034] The invention especially deals with the timing
of the "switching off" of the low side switch of figure 1,
which is the end of the on time LSon of switch 5 in figure
2B.
[0035] As illustrated in figure 3, the inventors have
found out, that caused by a delay between the issuance
of this signal by the comparator 31 and the actual physical
interruption of the current through the low side switch 5,
the negative peak current of the BUCK inductor 9 actually
fluctuates depending on the nominal current through the
LED load as well as the voltage across the LED load
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(LED voltage).
[0036] Thus, the peak of the negative buck inductor
changes over LED voltage and LED current. On the other
hand, in order to enable an efficient operation, it is thus
important to change the reference 32 (in figure 1) for the
negative peak current threshold according to at least
those mentioned parameters.
[0037] This ensures that the buck stage is always op-
erated at the minimum required negative peak current
resulting in highest efficiency operation.
[0038] Thus, an adaptation unit is foreseen within the
control circuitry 1 arranged to adapt this threshold value
for the negative BUCK inductor current depending on at
least 1 feedback signal from the LED load, which prefer-
ably is reflecting the LED current.
[0039] The adaptation depending on the feedback sig-
nal may be performed using analytical function resulting
in a correction (adaptation) value, or alternatively can be
performed using a look up table.
[0040] The adaption preferably is performed in time
increments of for example between 10 milliseconds and
30 milliseconds. The adaption is preferably performed
by a microcontroller (pC) which is supplied by a signal
representing the operation conditions (LED current and
LED voltage) and which issues the negative peak thresh-
old value 32 to the control circuitry 1.
[0041] Preferably, the reference value is only send
from the microcontroller to the ASIC on change of the
result of the adaptation/correction value to avoid unnec-
essary traffic on the BUS for the communication between
the microcontroller and the ASIC.
[0042] In order to prevent flickering issues, the nega-
tive peak reference 32 preferably is not changed as long
as the nominal value 20 for the LED current is below a
given threshold. Preferably, also this nominal value 20
for the LED current is send from the microcontroller to
the control circuitry 1.
[0043] Further, the maximum step size of the variation
of the negative threshold 32 may be limited in order to
prevent flickering issues. Still further, a hysteresis based
on the LED voltage may be implemented to avoid chang-
es of this negative threshold in steady state operation
due to jitter of the LED voltage measurement. (Note that
the LED voltage measurement is not shown in figure 1.)
When A negative peak reference value 32 is set, the ac-
tual LED voltage level is stored. A new reference value
32 will only be set if the LED voltage change (via com-
parison to the store previous voltage value) has changed
by a value higher than a predefined hysteresis value.
[0044] Finally, a minimum and maximum value for the
reference 32 may be defined in order to avoid excessive
negative peak currents.

Claims

1. A synchronous buck converter for supplying a LED
load comprising:

- a high side switch and a low side switch con-
nected in series,
- an inductor connected to the midpoint of these
switches, and
- a control circuitry controlling the alternate
switching operation of the two switches,

wherein the switches are controlled such that there
are time periods in which a negative current is flowing
through said low side switch,

wherein the control circuitry is supplied with a
feedback signal indicating the level of the neg-
ative current and is arranged to issue a switch-
ing-off command to the low side switch as soon
as the feedback signal reaches or crosses a
threshold value,
wherein a least one feedback from the LED load
is fed back to the control circuitry,
wherein the at least one feedback signal com-
prises at least one of LED voltage and LED cur-
rent,
wherein the control circuitry is arranged to adapt
its threshold value depending on the at least one
feedback signal.

2. The converter of claim 1,
wherein the adaptation is limited within a preset ad-
aptation range.

3. The converter of claim 1 or 2,
wherein the adaptation of the threshold value is only
performed in case there is a variation of the feedback
back signal exceeding a preset hysteresis value.

4. The converter of any of the preceding claims,
wherein the adaptation is effected such that the neg-
ative current value at the time point where the switch-
ing-off command is actually performed by the low
side switch is essentially constant even at varying
LED voltage and/or LED current.

5. The converter of any of the preceding claims,
wherein the threshold value is the more reduced the
higher the LED voltage.

6. The converter of any of the preceding claims,
wherein the threshold value is the more reduced the
higher the LED current.

7. The converter according to any of the preceding
claims,
Wherein the threshold value is adapted by deducing
an LED current and/or LED voltage dependent ad-
aptation value from a preset threshold value.

8. The converter according to any of the preceding
claims,

5 6 



EP 4 247 120 A1

5

5

10

15

20

25

30

35

40

45

50

55

wherein the threshold value is adapted only if the
LED current exceeds a given LED current threshold
value.

9. The converter according to any of the preceding
claims,
wherein the threshold value is adapted in discrete
time increments, where a maximum adaptation step
size is given.

10. The converter of any of the preceding claims,
wherein the control circuitry comprises a plurality of
ICs, such as e.g. an ASIC and a microcontroller.

11. The converter of claim 10,
wherein the adaptation of the threshold value is per-
formed by the microcontroller communicating adapt-
ed threshold values to the ASIC and being supplied
with one or more feedback signals indicating e.g. the
LED current and/or the LED voltage.

12. A LED lighting unit comprising a LED converter ac-
cording to any of the preceding claims and a LED
load supplied by such converter.

13. A method of operation of a synchronous buck con-
verter for supplying a LED load comprising:

- a high side switch and a low side switch con-
nected in series, and
- a control circuitry controlling the alternate
switching operation of the two switches,

wherein the switches are controlled such that there
are time periods in which a negative current is flowing
through said low side switch,

wherein the control circuitry is supplied with a
feedback signal indicating the level of the neg-
ative current and is arranged to issue a switch-
ing-off command to the low side switch as soon
as the feedback signal reaches or crosses a
threshold value,
wherein a least one feedback from the LED load
is fed back to the control circuitry, wherein the
at least one feedback signal comprises at least
one of LED voltage and LED current,
wherein the control circuitry adapts its threshold
value depending on the at least one feedback
signal.

14. Integrated circuit, such as e.g. a microcontroller, ar-
ranged to implement the adaptation step of the meth-
od of claim 13.

15. Integrated circuit system, such as e.g. an ASIC and
a microcontroller, arranged to together implement
the control circuit functions of the method of claim 13.
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