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(67)  The invention relates to an isolated LED driver
(200) with open circuit and short-circuit at one pin, com-
prising: a control unit controlling at least one switch on
the primary side of an isolation stage of the LED driver
(200), means for detecting the voltage (202) on the sec-
ondary side of the isolation stage and producing a volt-
age-representing signal, means for detecting the current
(204) flowing on the secondary side, and especially the

current through an LED load when connected at supply
terminals of the LED driver (200), and producing a cur-
rent-representing signal, and means combining for a cur-
rent-representing signal, optionally the decoupled AC
component of the current representing signal, with the
voltage representing signal and feeding it to an input pin
of the control unit.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] Theinventionrelatestoa switchedisolated LED
driver with a circuitry for detecting a short circuit and an
open load condition on the secondary side of an isolation
stage.

BACKGROUND OF THE INVENTION

[0002] Incurrently available LED gears, with e.g. a half-
bridge LLC resonant circuit as at least one stage of a
LED driver, the following two approaches are used to
detect secondary side errors, namely short-circuit and
over voltage conditions, as described in the following.
[0003] The first approach makes use of two separate
controller (microcontroller or ASIC) pins, wherein one pin
is used to evaluate the sensed output (LED) voltage e.g.
to detect an open load condition when the secondary
side voltage exceeds a given threshold. Another pin is
used to evaluate the sensed output (LED) current. The
first pin utilizes a comparator to detect over voltage (open
load) conditions, the second pin utilizes a comparator to
detect over current (short circuit) conditions. In Fig. 1,
such a situation is shown, wherein the output voltage
sensing module generates the voltage signal Vgng which
is given as input in a pin of a controller, while the output
current sensing module generates the current signal
Isns pk Which is given as input to another pin of the con-
troller.

[0004] With this approach open load and short circuit
can both be detected fast, because positive edges are
used in both cases as detection criteria. As the sensing
circuity uses peak hold circuits (namely, rectifier diode
and filter capacitor) the sensed voltage can follow the
real output voltage very fast in positive going direction.
However, it follows slow in negative going direction as it
takes some time for the filter capacitor to discharge.
[0005] The second approach makes use of only one
controller pin, wherein only the output (LED) voltage is
evaluated. Two comparators are used: one to detect over
voltage (open load) conditions and one to detect under
voltage (short circuit) conditions.

[0006] In this approach the reaction times (time until
the error is detected) depend on the filtering of the sensed
output voltage signal. If the sensed secondary side volt-
age of the LLC (output voltage) is fed to a peak hold
circuit (namely, rectifier diode and filter capacitor), over
voltage conditions can be detected very fast (because
peak hold capacitor is charged immediately). However,
under voltage (short circuit) conditions are detected de-
layed, because it takes some time for the peak hold ca-
pacitor to discharge. This leads to the problem that high
output currents flow for several milliseconds that could
probably destroy parts of the circuit.

[0007] Inthe case where an LED load open and short-
circuit situation in a micro-controller based control circuit
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is detected by an ADC measurement of LED voltage, a
slow response (about 10 to 100ms to detect) occurs. For
precautionary measure under LED open condition, a
Zener diode is connected across the LED load to prevent
the further rise of LED voltage, before the micro-controller
can act by shutting down the LED driver. For SELV prod-
ucts the voltage overshoot value requirement is quite
tightand Zener diode as well as ADC tolerance becomes
unacceptable. Further the short-circuit detection based
on LED voltage detection needs to be fast enough before
the current rises and causes a voltage drop across the
short-circuit or low load voltage condition which can
cause the sensed voltage above the detection threshold.
[0008] Furthermore, usingasmall size micro-controller
poses a considerable challenge in wisely using the avail-
able pins (and associated analog and digital resources)
by multi-tasking them to achieve all the advanced func-
tionality or features of an, e.g., emergency LED driver,
as it is the case when there is a quest to combine the
sensing of LED open or short-circuit situation.

[0009] Thus, it is an objective to provide an improved
LED driver allowing to efficiently detect short current and
over voltage conditions, all by reducing the complexity
and especially the pin number requirements.

SUMMARY OF THE INVENTION

[0010] According to a first aspect of the invention, an
isolated LED driver with open circuit and short-circuit at
one pin is provided. The isolated LED driver comprises
acontrol unit controlling atleast one switch on the primary
side of an isolation stage of the LED driver, means for
detecting the voltage on the secondary side of the isola-
tion stage and producing a voltage-representing signal,
means for detecting the current flowing on the secondary
side, and especially the current through an LED load
when connected at supply terminals of the LED driver,
and producing a current-representing signal, and means
combining for a current-representing signal, optionally
the decoupled AC component of the current representing
signal, with the voltage representing signal and feeding
it to an input pin of the control unit.

[0011] Advantageously, while only utilizing one con-
troller pin, this aspect of the invention allows fast detec-
tions of both over voltage and over current conditions. In
fact, in this approach, two different signals (one repre-
sentative for the output voltage and one representative
for the output current) are fed to a single controller pin.
[0012] In a preferred embodiment, the current repre-
senting signal is supplied to a further input of the control
unit for a feedback control of the LED load current.
[0013] In a further preferred embodiment, the control
unit is a microcontroller or an application-specific inte-
grated circuit, ASIC.

[0014] In a further preferred embodiment, the means
for detecting the voltage on the secondary side of the
isolation stage comprise an analog to digital converter,
ADC.
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[0015] Inafurtherpreferred embodiment, the LED driv-
er comprises a LLC converter.

[0016] In a further preferred embodiment, the control
unit is further configured to compare the current repre-
senting signal with a threshold value in order to derive
regulation values for the LLC current transformer, for ex-
ample, a frequency, a duty cycle value or an actuating
variable.

[0017] In a further preferred embodiment, the means
for combining the current representing signal further
comprises adiode for combining the currentrepresenting
signal with the voltage representing signal to obtain a
total signal.

[0018] In a further preferred embodiment, the control
unit further comprises a comparator configured to com-
pare the total signal to a threshold value and, if the total
signalis higher than the threshold value, to detect a short-
circuit condition or an over voltage condition.

[0019] This has the advantage that, LED over-voltage
detection and over-current detection are performed,
while using a single micro-controller pin by using its on-
board high-speed comparator.

[0020] In a further preferred embodiment, the compa-
ratoris a comparator with variable reference and polarity.
[0021] In a further preferred embodiment, the compa-
rator is a comparator with single reference.

[0022] In a further preferred embodiment, the control
unit is configured to switch off the means for combing the
current representing signal in the short-circuit condition
or over voltage condition.

[0023] According to a second aspect of the invention,
a method for an isolated LED driver is provided. The
method comprises the steps of: controlling at least one
switch on the primary side of an isolation stage of the
LED driver, detecting the voltage on the secondary side
of the isolation stage and producing a voltage-represent-
ing signal, detecting the current flowing on the secondary
side, and especially the current through an LED load
when connected at supply terminals of the LED driver;
producing a current-representing signal; combining for a
current-representing signal, optionally a decoupled AC
component of the current representing signal, with the
voltage representing signal; and feeding it to an input pin
of the control unit.

[0024] According to a third aspect of the invention, an
isolated LED driver with open circuit and short-circuit at
one pin is provided. The isolated LED driver comprises
acontrolunit controlling atleast one switch on the primary
side of an isolation stage of the LED driver, means for
detecting the voltage on the secondary side of the isola-
tion stage and producing a voltage-representing signal,
a comparator supplied with the voltage representing sig-
nal at its non-inverted input, wherein the reference level
of the comparator and, in synchronization therewith, the
polarity of the comparator output signal are switched in
order to produce a signal indicating, in time multiplex a
LED load open circuit and short-circuit indicating signal.
[0025] According to a fourth aspect, a method for an
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isolated LED driver is provided. The method comprises
the steps of controlling at least one switch on the primary
side of an isolation stage of the LED driver; detecting the
voltage on the secondary side of the isolation stage and
producing a -voltage-representing signal; and switching
the reference level of a comparator and, in synchroniza-
tion therewith, the polarity of the comparator output signal
in order to produce a signal indicating, in time multiplex,
aLED load open circuit and short-circuit indicating signal,
wherein the comparator is supplied with the voltage rep-
resenting signal at its non-inverted input.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]
Fig. 1 shows an exemplary circuit of an LED driver
according to prior art;

Fig.2 shows an exemplary embodiment of a circuit of
an isolated LED driver according to the inven-
tion;

Fig. 3  shows exemplary behaviors of current |, . and
voltage V| gp in an isolated LED driver accord-
ing to the invention;

Fig.4 shows an exemplary embodiment of a compa-
rator according to the invention;

Fig.5 shows an exemplary embodiment of an LED
driver according to the invention;

Fig. 6  shows exemplary embodiments of behaviors of
a voltage V in an isolated LED driver as a func-
tion of time according to the invention;

shows a method for an isolated LED driver ac-
cording to an embodiment; and

Fig. 7

shows a further method foran isolated LED driv-
er according to an embodiment.

Fig. 8

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0027] Aspects of the present invention are described
herein in the context of an isolated LED driver.

[0028] The present invention is described more fully
hereinafter with reference to the accompanying draw-
ings, in which various aspects of the present invention
are shown. This invention however may be embodied in
many different forms and should not be construed as
limited to the various aspects of the present invention
presented through this disclosure. Rather, these aspects
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the present
invention to those skilled in the art. The various aspects
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of the present invention illustrated in the drawings may
not be drawn to scale. Rather, the dimensions of the var-
ious features may be expanded or reduced for clarity. In
addition, some of the drawings may be simplified for clar-
ity. Thus, the drawings may not depict all of the compo-
nents of a given apparatus.

[0029] Various aspects of an isolated LED driver will
be presented. However, as those skilled in the art will
readily appreciate, these aspects may be extended to
aspects of LED drivers without departing from the inven-
tion.

[0030] It is further understood that the aspect of the
present invention might contain integrated circuits that
can be readily manufactured using conventional semi-
conductor technologies, such as complementary metal-
oxide semiconductor technology, short "CMOS". In ad-
dition, the aspects of the present invention may be im-
plemented with other manufacturing processes for mak-
ing optical as well as electrical devices. Reference will
now be made in detail to implementations of the exem-
plary aspects as illustrated in the accompanying draw-
ings. The same references signs will be used throughout
the drawings and the following detailed descriptions to
refer to the same or like parts.

[0031] Now referring to Fig. 2, an exemplary embodi-
ment of a circuit of an isolated LED driver 200 with open
circuit and short-circuit at one input terminal ("pin") of a
preferably integrated control circuitry in according to the
invention is shown.

[0032] Theisolated LED driver 200 comprises acontrol
unit (not shown in Fig. 2) controlling at least one switch
on the primary side of an isolation stage of the LED driver
200. The switching of the switch determines the power
supplied to a LED load and especially the LED current.
Thus, the LED current may be feedback-controlled back
to the control circuitry by a current signal representing
the LED current. The control circuitry compares LED cur-
rent signal with a nominal value (which may be varied for
a dimming control) and controls the switching of the
switch.

[0033] The LLC comprises a half-bridge DC/AC con-
verter with two serially connected switches (FETs), M40,
M41. The half-bridge arrangement M40, M41 is fed with
a DC voltage. The mid-point of the switches M40, M41
is connected to a resonance capacitor C51 and the pri-
mary side winding L51a of the transformer of the LLC.
The primary side winding L51a of the transformer of the
LLC is coupled with a secondary side winding L51b con-
nected to a rectifier, which in the example is a diode ar-
rangement D52a, D52b, D52c and D52d. The diodes
may be Schottky diodes. The shown example represents
a full-bridge rectifier. However, alternatively a middle-
tapped rectifier may be used.

[0034] The output of the rectifier (diode arrangement)
is fed to a capacitor C52, the DC voltage of which is ap-
plied to output terminals LED+ and LED- for supplying a
LED load.

[0035] Furthermore, on the secondary side two prima-
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ry side windings L52b, L52c of a sensing transformer for
the secondary side current to the secondary side voltage
are provided.

[0036] The primary side windings of the sensing trans-
formers L52b, L52¢ are coupled with a secondary side
of the sensing transformer L52a.

[0037] On the basis of the voltage across the second-
ary side winding L52a of the sensing transformer, a signal
ISNS PK indicating the peak current of the LED current
is generated as well as a further signal ISNS_AVG indi-
cating the average value of the LED current. Both signals
ISNS_PK and ISNS_AVG can be used by the control
circuitry 2 as feedback signals in order to set the clocking
of the half-bridge switches M40, M41.

[0038] According to the invention the AC component
of the LED current is decoupled via a transformer L53a,
L53b in order to generate a signal which may be sent to
asensingterminal OVP_SCP_PIN ofthe control circuitry.
[0039] As furthermore, shownin Fig. 2, this signal rep-
resenting the decoupled AC component of this sensed
LED current is thus combined with a signal produced by
the circuitry 202 sensing, using a further transformer
L51c, L51b, the voltage on the secondary side of the
power transformer of the transformer L51a, L51b of the
LLC.

[0040] Moreover,the LED driver200 comprises means
for detecting the voltage on the secondary side of the
isolation stage 202 and producing a voltage-representing
signal. Furthermore, the LED driver 200 comprises
means for detecting the current flowing on the secondary
side 204, and especially the current through an LED load
when connected at supply terminals of the LED driver,
and producing a current-representing signal, means
combining for a current-representing signal, optionally
the decoupled AC component of the current representing
signal, with the voltage representing signal and feeding
it to an input pin of the control unit OVP_SCP_PIN in Fig.
2.

[0041] This provides the advantage that the pins of the
control unit, e.g. a microcontroller, can be used more
efficiently and, thus, saving costs.

[0042] The control unit can further be configured to
compare the current representing signal with a threshold
value in order to derive regulation values for the LLC
current transformer, for example, a frequency, a duty cy-
cle value or an actuating variable.

[0043] The control unit can be a microcontroller or an
application-specific integrated circuit (ASIC). Within the
controller, e.g., an analog-to-digital converter, ADC, can
be used to determine the LED voltage. Additionally, a
comparator 206 can be used to detect over voltage con-
ditions (when the voltage at that pin rises above a certain
threshold). In this embodiment, the voltage signal is gen-
erated by the LED voltage source.

[0044] If a short-circuit of the LED takes place, then a
current pulse is generated in the signal Igng pk. This cur-
rent pulse can be transformed via current transformer to
a voltage signal which can then be coupled to the voltage
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signal ata diode. In short circuit conditions, a peak occurs
in this signal, which can be fed to a comparator within
the controller. The comparator will detect the peak so
that the controller can react to the short-circuit condition.
[0045] Advantageously, the current signal does not af-
fect the voltage signal during normal operation (where
I_ep is a constant DC), but it increases the voltage signal
during transients of | gp such as in the case of a short
circuit of the output.

[0046] Moreover, in the short-circuit condition or over
voltage condition the control unit can be configured to
switch off the means for combining the current represent-
ing signal.

[0047] Fig. 3 shows exemplary behaviors of the current
I_ep and voltage V| g in the isolated LED driver 200 ac-
cording to the invention.

[0048] After being detected, V| gp and | g are com-
bined into a single total signal and then fed to the com-
parator 206, as shown in figure 4.

[0049] The comparator 206 can be a comparator con-
figured to compare the total signal to a threshold value
and, if the total signal is higher than the threshold value,
to detect a short-circuit condition or an over voltage con-
dition. The comparator 206 can be a comparator with
variable reference and polarity or a comparator with sin-
gle reference.

[0050] The circuit shown in Fig. 4, further comprises
two diodes D1 and D2, one resistance R1 and one ca-
pacitance C1. The signals V| gp and | gp pass through
the diodes D1 and D2, respectively. Afterwards, they are
combined into a single signal PA3 which is fed to the
comparator 206 and then compared to the reference volt-
age Vighint in order to detect an over voltage or short
current condition.

[0051] Fig. 5 shows an exemplary embodiment of an
isolated LED driver 800 comprising a comparator 806
according to the invention.

[0052] In this embodiment an isolated LED driver 800
with open circuit and short-circuit at one pin, comprises
acontrolunit controlling atleast one switch on the primary
side of an isolation stage of the LED driver, means for
detecting the voltage on the secondary side of the isola-
tion stage and producing a voltage-representing signal,
a comparator 806 supplied with the voltage representing
signal at its non-inverted input, wherein the reference
level of the comparator and, in synchronization therewith,
the polarity of the comparator output signal are switched
in order to produce a signal indicating, in time multiplex
aLED load open circuitand short-circuitindicating signal.
[0053] The LED driver 800 shown in Fig. 5 comprises
an LED load, whose voltage V| gp is compared to a ref-
erence voltage V, by the comparator 806. Moreover,
the LED driver 800 comprises three resistors R1, R2, and
R3 and two capacitors C1 and C2.

[0054] The comparator 806 can comprise an opera-
tional amplifier, wherein the polarity of the operational
amplifier output circuit depends on the polarity of the dif-
ference between the two input voltages V| gp and V.
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[0055] Fig.6showsexemplarybehaviors ofthe voltage
V| gp in an isolated LED driver as a function of time ac-
cording to the invention.

[0056] Inthisembodiment, V represents the variable
reference, namely voltage varying between Vgggyt and
YoV RerNT, Wherein Vigegint=1,2V The frequency of var-
iation is 1kHz.

[0057] Asitcan be takenfrom Fig. 9, in case of an over
voltage event or short circuit event, a peak is produced
in the output signal of the comparator 806 on a micro-
controller.

[0058] Fig. 7 shows amethod 1000 for anisolated LED
driver 200 according to an embodiment.

[0059] The method 1000 comprises the following
steps:

controlling 1002 at least one switch on the primary
side of an isolation stage of the LED driver 200;

detecting 1004 the voltage 202 on the secondary
side of the isolation stage and producing a voltage-
representing signal;

detecting 1006 the current flowing on the secondary
side, and especially the current through an LED load
when connected at supply terminals of the LED driv-
er 200;

producing 1008 a current-representing signal;

combining 1010 for a current-representing signal,
optionally a decoupled AC component of the current
representing signal, with the voltage representing
signal; and

feeding 1012 it to an input pin of the control unit.

[0060] Fig. 8 shows a further method 1100 for an iso-
lated LED driver 800 according to an embodiment.
[0061] The method 1100 comprises the following
steps:

controlling 1102 at least one switch on the primary
side of an isolation stage of the LED driver;

detecting 1104 the voltage on the secondary side of
the isolation stage and producing a - voltage-repre-
senting signal; and

switching 1106 the reference level of a comparator
and, in synchronization therewith, the polarity of the
comparator output signal in order to produce a signal
indicating, in time multiplex, a LED load open circuit
and short-circuit indicating signal, wherein the com-
parator is supplied with the voltage representing sig-
nal at its non-inverted input.

[0062] All features of all embodiments described,
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shown and/or claimed herein can be combined with each
other.

[0063] While various embodiments of the present in-
vention have been described above, it should be under-
stood that they have been presented by way of example
only and not limitation. Numerous changes to the dis-
closed embodiments can be made in accordance with
the disclosure herein without departing from the spirit of
scope of the invention. Thus, the breadth and scope of
the present invention should not be limited by any of the
above-described embodiments. Rather, the scope of the
invention should be defined in accordance with the fol-
lowing claims and their equivalence.

[0064] Although the invention has been illustrated and
described with respect to one or more implementations,
equivalent alternations and modifications will occur to
those skilled in the art upon the reading of the under-
standing of the specification and the annexed drawings.
In addition, while a particular feature of the invention may
have been disclosed with respect to only of the several
implementations, such features may be combined with
one or more other features of the other implementations
as may be desired and advantage for any given or par-
ticular application.

Reference Signs
[0065]

200 driver

202 means

204 means

206 comparator
800 driver

802 means

806 comparator

1000 method
1002  step
1004  step
1006  step
1008 step
1010 step
1012  step
1100 method
1102  step
1104  step
1106  step
Claims

1. Isolated LED driver (200) with open circuit and short-
circuit at one pin, comprising:

- a control unit controlling at least one switch on
the primary side of an isolation stage of the LED
driver (200),

- means for detecting the voltage on the second-
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ary side of the isolation stage and producing a
voltage-representing signal,

- means for detecting the current flowing on the
secondary side, and especially the current
through an LED load when connected at supply
terminals of the LED driver (200), and producing
a current-representing signal,

- means for combining a current-representing
signal, optionally a decoupled AC component of
the current representing signal, with the voltage
representing signal and feeding it to an input pin
of the control unit.

Isolated LED driver (200) according to claim 1,
wherein

the currentrepresenting signalis supplied to a further
input of the control unit for a feedback control of the
LED load current.

Isolated LED driver (200) according to any one of
the preceding claims, wherein

the control unit is a microcontroller or an application-
specific integrated circuit, ASIC.

Isolated LED driver (200) according to any one of
the preceding claims, wherein

the means for detecting the voltage (202) on the sec-
ondary side of the isolation stage comprise an analog
to digital converter, ADC.

Isolated LED driver (200) according to any one of
the preceding claims, comprising a LLC converter.

Isolated LED driver (200) according to claims 5 and
2, wherein the control unit is further configured to
compare the current representing signal with a
threshold value in order to derive regulation values
for the LLC current transformer, for example, a fre-
quency, a duty cycle value or an actuating variable.

Isolated LED driver (200) according to any one of
the preceding claims, wherein the means for com-
bining the current representing signal further com-
prises a diode for combining the currentrepresenting
signal with the voltage representing signal to obtain
a total signal.

Isolated LED driver (200) according to claim 8,
wherein

the control unit further comprises a comparator con-
figured to compare the total signal to a threshold val-
ue and, if the total signal is higher than the threshold
value, to detect a short-circuit condition or an over
voltage condition.

Isolated LED driver (200) according to claim 9,
wherein
the comparator is a comparator with variable refer-
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ence and polarity. driver (800);
- detecting (1104) the voltage on the secondary
10. Isolated LED driver (200) according to claim 9, side of the isolation stage and producing a -volt-
wherein age-representing signal; and
the comparator is a comparator with single refer- 5 - switching (1106) the reference level of a com-
ence. parator (806) and, in synchronization therewith,
the polarity of the comparator output signal in
11. Isolated LED driver (200) according to claim 8, order to produce a signal indicating, in time mul-
wherein tiplex, a LED load open circuit and short-circuit
the control unit is configured to switch off the means 70 indicating signal, wherein the comparator (806)
for combining the current representing signal in the is supplied with the voltage representing signal
short-circuit condition or over voltage condition. at its non-inverted input.

12. A method (1000) for an isolated LED driver (200),
comprising: 15

- controlling (1002) at least one switch on the
primary side of an isolation stage of the LED
driver (200),
- detecting (1004) the voltage on the secondary 20
side of the isolation stage and producing a volt-
age-representing signal,
- detecting (1006) the current flowing on the sec-
ondary side, and especially the current through
an LED load when connected at supply termi- 25
nals of the LED driver (200);
- producing (1008) a current-representing sig-
nal;
- combining (1010) for a current-representing
signal, optionally a decoupled AC component of 30
the current representing signal, with the voltage
representing signal; and
- feeding (1012) it to an input pin of the control
unit.
35
13. Isolated LED driver (800) with open circuit and short-
circuit at one pin, comprising:

- a control unit controlling at least one switch on

the primary side of an isolation stage of the LED 40
driver (800);

- means for detecting the voltage (802) on the
secondary side of the isolation stage and pro-
ducing a voltage-representing signal;

- a comparator (806) supplied with the voltage 45
representing signal at its non-inverted input,
wherein the reference level of the comparator
(806) and, in synchronization therewith, the po-
larity of the comparator output signal are
switched in order to produce a signal indicating, 50
in time multiplex a LED load open circuit and
short-circuit indicating signal.

14. A method (1100) for an isolated LED driver (800),
comprising: 55

- controlling (1102) at least one switch on the
primary side of an isolation stage of the LED



EP 3 713 376 A1

T 314

- 1
B-g57
BEZD
» - Lo » HAY SH5D
Ll 150 - 050 =8 & gy
ﬂ ﬁ +——s——3d SHST >
™~ Bususe wsunn whng
T 4
R
ﬁ‘ bl
2
£SO == _ ~ Y X
* e w
_ _ _ osa o R
- - -
o BT m,f -Mm = e
+a1 L L _ pad isu o
ﬁ * " Buisyss ebeyos nding
W ]
160
: 017 :
w _ wd][ Jovw
1Je 3yl Jo 91e1s |
| | R



EP 3 713 376 A1

V0l——

oom\

jife]

gAY SHSD

Ad SHST >

Z 314

[40]4

i

4287

-

9497

Bupsues ueLnn mding

L3
-
2
14
o L 2
) 9sa S50 b4
-~
= - -
-M - Nid 408 dAD 2
o BON e
I Buisuag sbeuop inding
Il
(Lo

l
5] lovw




EP 3 713 376 A1

Q.M‘N\w —NSMU< 7' 6-

<
S1|OA

290

LLO'T

QM@\»

AT renyoy V€T

¢ 314

<
sdwy

Z19'0

85°¢C

Q.m4~

10



EP 3 713 376 A1

(dD0 40 dAO)

yneyse88u L

qur fou
1oy

¢dWOD

12

_I

1Y

¥ ‘814

90¢

evd

ca

QN@N

I\

1d

QM@\»

1"



EP 3 713 376 A1

Sle]heEIEN
Auejod

R
<I—
n0zqwos | ¥

peo] Il
=\
\4

008

Y s

¢dINOD

908

Km&\»

m_\ln

.uQ\» Hmw

G ‘34

12



EP 3 713 376 A1

9 ‘314

m
S | “_ _ | | i ! n _I_ i | |
1 1 1 1 1 1 1 1
| I 1 1 1 |
I :o_HuBm_w il | " I \_\ rr “m.>zmmmz“
_ b 011919 1 1074w 0o
_ 1N “ “ a3eyjoA “ _
PR hasnl HE 270 |1
- I [ LI
“ “ m " m =
! ' L ¥
A e S R e I
1 “ _“ " I I 1 “ “ “ “ I I I ¢dWOD
P 1 1 1 1 ] 1 1 L
T O
| Lo L 1w g |/ D !
I I - 1 : 98e3jon ! ! ! oo ‘
“ “ NETNYe) / - kmx\_N\ 1
1
|
---laa1
' A
I
1
JUIAS ; TTPwYy
-

UNUP-UOYS

13



EP 3 713 376 A1

oooH\\\\\\\a

- SUIpa9)
1ot q
SUIUIqUIOd
\ o« e
0107 1
Suronpoid
\ .
800T N
3uronpoad
900T— | 7
A 3Ur309)9p
00T 4
3uI[[01nuod
z00T — |

L '3l

14



EP 3 713 376 A1

\

SUIYIIIMS

90TT

%

\

vOTT

3Ur10919p

A

3ur[onuod

No:\

00TT

3 'S4

15



10

15

20

25

30

35

40

45

50

55

EP 3713 376 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 16 3603

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)

X WO 2004/057924 Al (KONINKL PHILIPS 1-8, INV.
ELECTRONICS NV [NL]; TRIPATHI AJAY [US] ET|10-12 HO5B33/08
AL.) 8 July 2004 (2004-07-08)

Y * figure 2 * 9

A * page 4, Tine 21 - line 28 * 13,14
* page 2, line 1 - Tline 6 *

Y US 2018/139808 Al (MITZE ANDREAS [DE]) 9

17 May 2018 (2018-05-17)
* paragraph [0030] *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

HO5B

Place of search

Munich

Date of completion of the search

29 April 2019

Examiner

Heiner, Christoph

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

16




EP 3713 376 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 16 3603

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

29-04-2019
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2004057924 Al 08-07-2004 AU 2003303130 Al 14-07-2004
CN 1745603 A 08-03-2006
EP 1579735 Al 28-09-2005
EP 2964000 A2 06-01-2016
ES 2569057 T3 06-05-2016
JP 5426807 B2 26-02-2014
JP 2006511082 A 30-03-2006
KR 20050089841 A 08-09-2005
TW 200428896 A 16-12-2004
US 2006071614 Al 06-04-2006
WO 2004057924 Al 08-07-2004

US 2018139808 Al 17-05-2018 DE 102016121930 Al 17-05-2018
US 2018139808 Al 17-65-2018

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

17




	bibliography
	abstract
	description
	claims
	drawings
	search report

