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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to an LED outage detection circuit for detecting a
defective LED and outputting a corresponding detection signal.

BACKGROUND OF THE INVENTION

[0002] In e.g. automotive applications, it is desirable to have a warning system to indicate to a
driver that a lamp of a lighting system, in particular tail lighting and/or break lighting, is
defective. In response to the warning, the driver may replace the defective lamp.

[0003] A known prior art system requires a test mode or the like. For example, each time the
lighting system is switched on or when a car is started, the lighting system is checked.
However, if a lamp breaks during use, no signal is generated. Further, known prior art systems
use complex and expensive circuitry in order to detect a defective lamp.

[0004] DE 103 58 447 B3, describing the preamble of claim 1, discloses a lighting device with a
plurality of LEDs connected in series. Every LED has a circuit comprising a low resistance
switching element, a diode, a threshold value switch and a capacitor connected in parallel
thereto.

OBJECT OF THE INVENTION

[0005] It is an object of the present invention to provide a simple, cost-effective LED outage
detection circuit that is suitable to be used with an LED that may be dimmed.

SUMMARY OF THE INVENTION

[0006] The above object is achieved in an outage detection circuit according to claim 1.

[0007] The outage detection circuit according to the present invention comprises a top voltage
detector. The top voltage detector is coupled to the LED for detecting a voltage across the
LED. When a current flows through the LED, i.e. the LED is operated and not defective, a
voltage across the LED has a predetermined value. If the LED is defective, the LED may be an
open circuit, resulting in a voltage across the LED that is substantially equal to a supply
voltage, which is usually substantially higher than the voltage across the LED when not
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defective. The top voltage detector detects the voltage across the LED, i.e. the relatively low
operating voltage or the relatively high supply voltage.

[0008] It is noted that the top voltage detector determines a maximum voltage, i.e. a top
voltage. Therefore, if the LED is dimmed using a PWM driving method, the detected voltage is
substantially equal to the maximum supply voltage, substantially independent from a duty cycle
of the supply voltage. Consequently, the top voltage detector may output a relatively low top
voltage signal, if the LED is not defective, and a relatively high top voltage signal, if the LED is
defective.

[0009] The top voltage signal output by the top voltage detector is supplied to a differential
amplifier as a first input signal. The differential amplifier further receives a reference voltage as
a second input signal. So, the differential amplifier is configured to output an outage detection
signal based on a difference between the reference voltage and the top voltage signal. For
example, if the top voltage signal is substantially equal to the relatively low operating voltage,
the outage detection signal may have a low voltage; if the top voltage signal is substantially
equal to the relatively high supply voltage, the outage detection signal may have a high
voltage.

[0010] In an embodiment, the top voltage detector comprises a series connection of a diode
and a capacitor and the top voltage terminal is provided at a node between the diode and the
capacitor. In operation, the capacitor is charged up to the maximum voltage across the LED,
while the diode prevents discharge of the capacitor in the periods in which the voltage across
the LED is lower than the voltage across the capacitor. This is in particular suitable for use in
combination with pulse width modulation (PWM) dimming.

[0011] In an embodiment, the differential amplifier comprises a differential pair of transistors,
the first input signal being applied to a base of a first transistor and the second input signal
being applied to the base of a second transistor, wherein the output terminal is coupled to a
collector of the second transistor.

[0012] In an embodiment, the differential amplifier comprises an opamp device, the opamp
device being configured to amplify a voltage difference between the first input signal and the
second input signal and to output a voltage difference signal, the outage detection circuit
further comprising a transistor, a base of the transistor being coupled to the opamp device for
receiving the voltage difference signal, the output terminal of the differential amplifier being
coupled to a collector of the transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Hereinafter, the present invention is elucidated with reference to the appended
drawings showing non-limiting embodiments and wherein:
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Fig. 1 shows a circuit diagram of a first embodiment of an outage detection circuit according to
the present invention;

Fig. 2 shows a circuit diagram of a second embodiment of an outage detection circuit
according to the present invention;

Fig. 3 shows a circuit diagram of a third embodiment of an outage detection circuit according to
the present invention;

Fig. 4 shows a circuit diagram of a fourth embodiment of an outage detection circuit according
to the present invention;

DETAILED DESCRIPTION OF EXAMPLES

[0014] In the drawings, same reference numerals refer to same elements.

[0015] Fig. 1 shows a first embodiment of an outage detection circuit 10 in accordance with the
present invention. The outage detection circuit 10 comprises a top voltage detector 20 and a
differential amplifier 30. The top voltage detector 20 is coupled to a LED D1. The LED D1 is to
be monitored and an outage detection signal should indicate the status of the LED D1. An
inductor L1 is coupled across the LED D1. The inductor L1 is a part of a DC-DC converter for
providing power to the LED D1. The inductor L1 is not essential. Any other DC-DC converter
topology may be applied as well.

[0016] The top voltage detector 20 comprises a charge diode D2, a current limiting resistor R3,
a capacitor C1 and a discharge resistor R4. The charge diode D2, the current limiting resistor
R3 and the capacitor C1 are connected in series across the LED D1. The discharge resistor R4
is connected in parallel to the capacitor C1. The current limiting resistor R3 and the discharge
resistor R4 also function as a voltage divider.

[0017] In operation, assuming the LED D1 is not defective, a current is provided through the
inductor L1 and flows through the LED D1 to a common terminal. Thereby, an operating
voltage is generated across the LED D1. This operating voltage may be, for example, 3.5 V.
While the operating voltage is across the LED D1, the capacitor C1 is charged through the
charge diode D2 and the current-limiting resistor R3 up to the operating voltage. The voltage
across the capacitor C1 is applied as the top voltage signal at an output terminal Tout of the
top voltage detector 20.

[0018] Now assuming that the LED D1 is defective and thus the LED D1 functions as an open
circuit, a voltage substantially equal to a supply voltage supplied to the DC-DC converter is
present across the open-circuit LED D1. Consequently, the capacitor C1 is charged up to said
supply voltage, which may be assumed to be substantially higher than the LED operating
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voltage. The discharge resistor R4 removes any voltage pulses due to noise, for example.

[0019] The discharge resistor R4 has a relatively large resistance and may not be essential for
correct operation. For example, the resistance of the discharge resistor R4 may be selected in
relation to the operation, e.g. pulse width modulation operation. The discharge resistor R4 may
be used to set a time constant of the parallel circuit of the discharge resistor R4 and capacitor
C1 such that relatively fast voltage changes (e.g. noise), in particular voltage peaks above the
reference voltage, are substantially ignored. Further, the discharge resistor R4 may be
provided to allow discharge of the capacitor R4 in unexpected circumstances.

[0020] If the LED D1 is operated using a PWM current, the operating voltage is only during a
first period of time present across the LED D1, while during a second period of time, no voltage
(or a lower voltage) is generated across the LED D1. (The first and the second period of time
are alternated.) During the first period of time, the capacitor C1 may be charged as above
described. During the second period of time, the charge diode D2 prevents that the capacitor
C1 is discharged through the LED D1. Thus, the top voltage detector 20 is suitable to be used
in combination with PWM dimming.

[0021] The differential amplifier 30 comprises a pair of a first transistor Q1 and a second
transistor Q2. A collector of each of the transistors Q1, Q2 is coupled to a supply voltage Vs
through a first and a second resistor R1, R2, respectively. Between the second resistor R2 and
the collector of the second transistor Q2, a third diode D3 is connected. The third diode D3
may prevent damage due to a voltage or current reversal. However, the third diode D3 may be
omitted without influencing the correct operation of the outage detection circuit 10.

[0022] The emitter of the first and the second transistors Q1, Q2 are connected and a current
sourcing resistor Rg is connected between a common terminal and the emitters of the two

transistors Q1, Q2. The current sourcing resistor Rg may be replaced by any other suitable

kind of current source without influencing the operation of the outage detection circuit.

[0023] The base of the first transistor Q1 is connected to the output terminal Tout of the top
voltage detector 20. The base of the second transistor Q2 is connected to a reference voltage
terminal. A reference voltage Vref is thus applied on the base of the second transistor Q2.

[0024] At a node between the collector of the second transistor Q2 and the second resistor R2,
an output terminal Vout is configured for outputting an outage detection signal.

[0025] The reference voltage Vref may be suitably selected. For example, the reference
voltage Vref may be substantially higher than the operating voltage. In such an embodiment,
the second transistor Q2 will be conductive during correct operation of the LED D1, whereas
the first transistor Q1 will be non-conductive due to a substantial lower base-emitter voltage of
the first transistor Q1 compared to the second transistor Q2. As the second transistor Q2 is
conductive, the voltage at the output terminal is relatively low, in particular substantially equal
to the sum of the voltage across the current sourcing resistor Rg, the saturation voltage across
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the second transistor Q2 and the voltage across the third diode D3, which may amount to
about 1V, for example.

[0026] When the LED D1 is defective, the voltage at the base of the first transistor Q1 is
substantially equal to a supply voltage of the DC-DC converter (this may be equal to the supply
voltage Vs, but they do not need to be equal). With a suitably selected reference voltage Vref,
the relatively high voltage at the base of the first transistor Q1, the first transistor Q1 is
conductive, whereas the second transistor Q2 is not conductive. Hence, the current generated
by the current sourcing resistor Rg now flows through the first resistor R1 and the first

transistor Q1, instead of through the second resistor R2 and the second transistor Q2 as
described above. Consequently, the voltage at the output terminal Vout is substantially equal to
the supply voltage Vs. Thus, when the LED D1 is defective, a substantially higher voltage is
present at the output terminal Vout.

[0027] It is noted that the output terminal Vout may instead be connected between the first
resistor R1 and the first transistor Q1. In such an embodiment, the outage detection signal
would be high, when the LED D1 is not defective and low when the LED D1 would not be
defective.

[0028] Fig. 2 shows a second embodiment which operates substantially similar to the first
embodiment as shown in Fig. 1. Compared to the first embodiment, the first transistor is
replaced by an opamp device OA. The opamp device OA functions as a differential amplifier.
Thereto, the opamp device OA is connected to the top voltage detector output terminal Tout for
receiving the top voltage signal and is connected to a reference voltage Vref. The opamp
device OA compares the top voltage signal and the reference voltage Vref. The output of the
opamp device OAis via a resistor R5 connected to the base of the second transistor Q2. If the
output of the opamp device is high, the second transistor Q2 is conductive, resulting in a low
voltage at the outage detection signal terminal Vout. If the output of the opamp device is low,
the second transistor Q2 is not conductive, resulting in a high voltage (substantially equal to
the supply voltage Vs) at the outage detection signal terminal Vout.

[0029] Suitably selecting the reference voltage Vref ensures that the reference voltage Vref is
higher than the LED operating voltage, resulting in a high opamp device output and thus in a
low outage detection signal at the output terminal Vout. Further, a suitably selected reference
voltage Vref makes that the reference voltage Vref is equal to or lower than the supply voltage
of the DC-DC converter, resulting in a low opamp device output and thus in a high outage
detection signal at the output terminal Vout.

[0030] Fig. 3 shows substantially the same circuit as shown in Fig. 2. However, the circuit
according to Fig. 3 is suitable for detecting a defective LED, which LED becomes a short circuit
when defective. Thereto, the connections of the top voltage signal and the reference voltage
with the opamp device OA, or similar comparative device, are interchanged and the reference
voltage is selected to be lower than an expected LED operating voltage.
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[0031] Fig. 4 shows substantially the same circuit as shown in Fig. 2, in which a hysteresis has
been introduced. Thereto, a series connection of a first hysteresis resistor R6 and a second
hysteresis resistor R7 has been connected between the output terminal of the opamp device
OA and a third hysteresis resistor R8 has been introduced between the input terminal of the
opamp device OA and the input terminal of the reference voltage Vref. Further, a connection
between (1) a node between the third hysteresis resistor R8 and the opamp device OAand (2)
a node between the first hysteresis resistor R6 and the second hysteresis resistor R7 is
provided. Such a hysteresis circuit is well known in the art and a detailed discussion of its
operation is therefore omitted here. Due to the hysteresis it is prevented that an outage
detection signal alternates, if an LED would show instable operation (alternating between a
defective state and an operative state, for example).

[0032] It is noted that the different circuit changes as present in Fig. 3 and 4 in comparison to
Fig. 2 may as well be introduced in the circuit arrangement as shown in Fig. 1. Further, it is
noted that a circuit for detection of an open-circuit defective LED (as presented in Fig. 1 and 2,
for example) and a circuit for detection of a short-circuit defective LED (as presented in Fig. 3,
for example) may be combined in order to enable to detect both kind of defective LEDs with
one detection circuit. For example, the top voltage detection circuit 20 may be combined and
the top voltage signal may be provided to two separate differential amplifier circuits. Further,
the outage detection circuit according to the present invention is intended for use in
combination with an LED. However, the outage detection circuit may also be suitable for use in
combination with any other kind of lamp or device that becomes an open circuit or a short
circuit when defective.

[0033] Although detailed embodiments of the present invention are disclosed herein, it is to be
understood that the disclosed embodiments are merely exemplary of the invention, which can
be embodied in various forms. Therefore, specific structural and functional details disclosed
herein are not to be interpreted as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to variously employ the present invention
in virtually any appropriately detailed structure.

[0034] Further, the terms and phrases used herein are not intended to be limiting; but rather,
to provide an understandable description of the invention. The terms "a" or "an", as used
herein, are defined as one or more than one. The term another, as used herein, is defined as
at least a second or more. The terms including and/or having, as used herein, are defined as
comprising (i.e., open language). The term coupled, as used herein, is defined as connected,

although not necessarily directly, and not necessarily by means of wires.
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Patentkrav

1. Udfaldsdetekteringskredslgb (10) til detektering af en defekt LED, hvor
udfaldsdetekteringskredslgbet er tilpasset til at blive koblet over LED’en (D1), hvilket
udfaldsdetekteringskredslgb omfatter:
- en topspaendingsdetektor (20) koblet til LED’en for detektering af en
spaending over LED’en, hvor topspaendingsdetektoren har en
topspaendingsterminal (Tout) til levering af et topspaendingssignal;
- en differentialforsteerker (30) koblet til topspaendingsterminalen til
modtagelse af topspaendingssignalet som et fgrste indgangssignal, og koblet
til en referencespaendingsterminal, hvor referencespaendingsterminalen er
udformet til at levere en referencespaending (Vref) som et andet
indgangssignal, hvor differentialforstaerkeren omfatter en udgangsterminal
(Vout) til levering af et udfaldsdetekteringssignal,
kendetegnet ved, at topspaendingssignalet i alt vaesentligt svarer til en maksimal
speending af spaendingen over LED’en, og ved, at, til detektering af en defekt LED,
der er tilpasset til at blive koblet over et DC-DC-konverterkredslgb til modtagelse af
et effektsignal, udfaldsdetekteringskredslgbet er tilpasset til at levere
udfaldsdetekteringssignalet med én spaending, nar LED’en ikke er defekt, med en
anden spaending, nar LED’en er defekt og kortsluttes.

2. Udfaldsdetekteringskredslgb (10) ifglge krav 1, hvor topspaendingsdetektoren (20)
omfatter en seriel forbindelse af en diode (D2) og en kondensator (C1), og hvor
topspaendingsterminalen (Tout) er tilvejebragt ved en knude mellem dioden og

kondensatoren.

3. Udfaldsdetekteringskredslgb (10) ifglge krav 2, hvor en modstand (R4) er

parallelforbundet med kondensatoren (C1).

4. Udfaldsdetekteringskredslgb (10) ifalge krav 2, hvor serielforbindelsen af dioden
(D2) og kondensatoren (C1) omfatter en modstand (R3) forbundet mellem dioden og
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kondensatoren.

5. Udfaldsdetekteringskredslgb (10) ifalge krav 1, hvor differentialforstaerkeren (30)
omfatter et differentielt transistorpar, hvor det fgrste indgangssignal overfgres til en
base af en fgrste transistor (Q1) og det andet indgangssignal overfgres til basen af
en anden transistor (Q2), hvor udgangsterminalen (Vout) er koblet til en kollektor af

den anden transistor.

6. Udfaldsdetekteringskredslgb (10) ifglge krav 1, hvor differentialforstaerkeren (30)
omfatter en operationsforstaerkningsanordning (OA), hvilken
operationsforstaerkningsanordning er udformet til at forstaerke en spaendingsforskel
mellem det farste indgangssignal og det andet indgangssignal og til at afgive et

speendingsforskelssignal.

7. Udfaldsdetekteringskredslgb ifglge krav 6, der endvidere omfatter en transistor
(Q2), hvor en base af transistoren er koblet til operationsforstaerkningsanordningen
for modtagelse af spaendingsforskelssignalet, hvilken udgangsterminal (Vout) af
differentialforstaerkeren (30) er koblet til en kollektor af transistoren.
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DRAWINGS
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