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(57) ABSTRACT 

The apparatus for supplying at least one consumer with 
electrical energy or for providing electrical power for at least 
one consumer from an on-board motor vehicle electrical 
system is provided with a control circuit, which is designed 
as an IC and has an input by means of which electrical 
energy can be supplied to the control circuit from the 
on-board motor vehicle electrical system, and having at least 
a first output and a second output, wherein a consumer can 
be supplied with electrical energy from the on-board motor 
vehicle electrical system by the control circuit by means of 
each of said two outputs, or the control circuit can provide 
electrical power for a consumer by means of said outputs, at 
least one external resistor, which is arranged outside the IC, 
for emitting possible lost electrical power outside the IC, 
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EXHIBIT 1005



US 10,136,496 B2 
Page 2 

wherein firstly the external resistor is connected to the 
second output of the control circuit, and secondly the 
consumer can be connected to the external resistor. The 
setpoint value for the electrical power of the consumer, 
which electrical power can be controlled by the control 
circuit, can be specified. Distributing the electrical energy 
for the consumer or the electrical power which is provided 
for said consumer between the at least two outputs of the 
control circuit can be controlled by said control circuit 
depending on at least one distribution parameter. Said dis­
tribution parameter can be supplied to the control circuit or 
determined in the control circuit. 
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1 
APPARATUS FOR SUPPLYING ELECTRICAL 

ENERGY TO A CONSUMER 

CROSS-REFERENCE TO RELATED 

APPLICATIONS 

This application is a national stage of, and claims priority 
to, Patent Cooperation Treaty Application No. PCT/EP2014/ 
068176, filed on Aug. 27, 2014, which claims priority to 
German Application No. DE 10 2013 014 661.5 filed on 
Aug. 28, 2013, EP Application No. EP14153428.9 filed on 
Jan. 31, 2014, and EP Application No. EP14164254.6 filed 
on Apr. 10, 2014, each of which applications are hereby 
incorporated herein by reference in their entireties. 

BACKGROUND 

The disclosure relates to an apparatus for supplying at 
least one consumer with electrical energy or for providing 
electrical power for at least one consumer. 

For many applications, controlled supply of electrical 
energy is necessary. Particularly in the controlling of the 
supply to LED lights in automobiles, special requirements 
have to be fulfilled. 

2 
adjustable resistor. If this transistor has a medium resistance 
value, a maximum of power will drop across the transistor. 

For the above reason, it is possible to define an operating 
range in which this transistor can be replaced by another, 

5 second transistor that has an external resistor connected 
downstream of it. This second transistor will then control the 
current, wherein a part of the power loss will occur not in the 
second transistor itself but in said external resistor. Thus, the 
integrated circuit will heat up to a lesser extent because a 

10 portion of the heat will be dissipated in the external resistor. 

15 

When a current is required that necessitates a transistor 
resistance below the sum of the on-resistance of the second 
transistor and the external resistance, the first transistor will 
take over the controlling again. 

This principle can be generalized in as far as the current 
within two current paths is controlled by two parameters at 
each time in such a manner that the sum of the currents in 
the two current paths will correlate with a first parameter and 
the distribution of the power loss is linked to a second, 

20 additional parameter. 
Of course, this principle can also be applied to more than 

two current paths. In this case, the controlling between the 
current paths can be performed both in a two- or multidi­
mensional manner. 

The LEDs which have to be energized are typically 25 

connected in series, less frequently in parallel, and are 
typically powered by a current source. This controlled 
current source is powered by an energy source, typically by 

Thus, according to the disclosure, the apparatus for sup­
plying at least one consumer with electrical energy or for 
providing electrical power for at least one consumer from an 
on-board motor vehicle electrical system, is provided with 

the on-board network of an automobile. 
Herein, the problem occurs that the controlling of the 30 

current source leads to a considerable power loss within in 
the current source circuit. This has consequences to the 
effect that, in monolithic integration in the form of an 
integrated circuit (IC), additional IC area become necessary 
so as not to exceed the critical temperature for the respective 35 

semiconductor. At the same time, it is possible that special 
measures are required for cooling within the housing of the 
current source. 

In EP-A-2 645 818, which is a publication of a European 
Patent Application with a filing date before the priority day 40 

of the present PCT application and whose publication was 
performed only after the priority date of the present PCT 
application, there is described a driver circuit for serial LED 
circuits that is energized by an alternating voltage source 
(AC voltage source). 45 

Further LED driver circuits, part of them provided with 
current control units, are known from EP-A-2 416 623, 
WO-A-2009/035948, US-A-2013/0049622 and JP-60 
107372. 

SUMMARY 
50 

a control circuit designed as an integrated circuit (IC) and 
having an input by means of which electrical energy 
can be supplied to the control circuit from the on-board 
motor vehicle electrical system, and having at least a 
first output and a second output, wherein a consumer 
can be powered with electrical energy from the on­
board motor vehicle electrical system by the control 
circuit via each of said two outputs, or the control 
circuit can provide electrical power for a consumer by 
means of said outputs, 

at least one external resistor arranged outside the IC, for 
emitting possible lost electrical power outside the IC, 
wherein firstly the external resistor is connected to the 
second output of the control circuit, and secondly the 
consumer can be connected to the external resistor, 

wherein the desired value for the electrical power of the 
consumer, which electrical power can be controlled by 
the control circuit, can be specified, and 

wherein the distribution of the electrical energy for the 
consumer or the electrical power provided for said 
consumer between the at least two outputs of the 
control circuit can be controlled by said control circuit 
depending on at least one distribution parameter, which 
distribution parameter can be supplied to the control 
circuit or be determined in the control circuit. 

It should be noted that a possible power loss which may 
It is an object of the disclosure to minimize the power loss 

for the current source itself as caused by the controlling of 
the LED current through the supplying current source, so 
that the expenditure of integrated circuit (IC) area and the 
technical expenditure for the housing are considerably 
reduced. 

The above object is achieved by an apparatus as described 
below. 

55 occur in the control circuit can be converted-via an exter­
nal resistor or other consumer-in the form of heat which 
then will be dissipated into the ambient environment. 
Thereby, the control circuit designed as an IC is protected 
from thermal overstress. For this purpose, the control circuit 

An apparatus is disclosed for, in addition to controlling a 
current, identifying a site where a power loss caused by the 
current control is occurring. An additional control parameter 
specifies a site where an additional power loss is generated. 

The disclosure is founded on the recognition that, basi­
cally, a transistor which is the controlling transistor of a 
current source, can in the broadest sense be considered as an 

60 delivers to the consumer, via at least two paths, the respec­
tive energy or power "ordered" by the consumer from a 
voltage source, particularly from a direct current source such 
as e.g. the on-board network of an automobile. One of said 
paths is connected to the control circuit in a manner as 

65 low-ohmic as possible, i.e. substantially without losses, 
notably via the above mentioned first output of the control 
circuit, whereas the second power transmission path com-
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3 
prises the external resistor. By means of two control mod­
ules, these two power paths will now be controlled in a 

corresponding manner, wherein, up to a first limit value, the 
electrical power will be transmitted from the control circuit 

4 

to the consumer exclusively via the first output. In each 5 

control module, there is also generated a power loss in the 
form of heat, notably to an extent that depends on the 
magnitude of the electrical power to be made available to the 
consumer. Depending on the respective operating point 
where the at least one driver of a control module is situated, 10 

the control module will thus generate more or less heat. 
Therefore, if the driver due to an increased power demand 

FIGS. 7 and 8 show circuits of alternative variants of the 
apparatus with merely three connectors for energy supply to 

the control circuit and energy output through the control 
circuit to the consumer, and respectively with four power 
provision modules, 

FIGS. 9 to 12 show various examples of circuits corre­
sponding to those shown in FIGS. 1 to 8, however with an 
ohmic load 12 as a consumer, 

FIGS. 13 to 16 show various examples of circuits corre­
sponding to those shown in FIGS. 1 to 8, however with an 
inductive load 13 as a consumer and with a free-wheeling 
diode 14 as well as with an overvoltage protection diode 15, 

both being associated to the inductive load 13, and of the consumer would get into an operating range in which 
it would generate a higher power loss, which in the form of 
heat could affect the IC, it is provided that the next control 15 

module will be additionally connected to the consumer for 
additional power output. 

FIGS. 17 to 20 show various examples of circuits corre­
sponding to those shown in FIGS. 1 to 8, however with a 
capacitive load as a consumer. 

Distribution of the available electrical power between the 
control modules will occur in dependence on the distribution 
parameters. 20 

EXAMPLES 

Thus, the approach according to the disclosure is distin­
guished from the methods known from the state of the art 
where, for avoidance of overheating of driver transistors, the 
current to be supplied to the load or to a consumer will be 
distributed between a plurality of drivers in a symmetrical or 25 

uniform manner, as described e.g. in EP-A-2 196 887. 

The Figures explained hereunder represent only several 
possible configurations of an apparatus for supplying elec­
trical energy to a consumer and managing a distribution of 
heat loss. Other configurations are evident from the above 
description and from the claims. 

FIG. 1 shows an exemplary control circuit 10. Said 
control comprises two outputs 3, 4 and, for each of these 
outputs 3, 4, an associated current source IS3, IS4 controlled 
by a controller RG. The current of the first current source IS3 

is conducted directly into the first connector 5 of the 

The disclosed apparatus is particularly suited for electrical 
energy supply to at least one electric/electronic consumer 
such as e.g. an electromechanical, electro-optical or electro­
acoustic consumer, especially an illuminant such e.g. an 
LED, or a consumer having an optionally parasitic ohmic 
and/or inductive and/or capacitive load, as found in as found 
in electrical/electronic devices/components in the automo­
tive sector and/or of daily life e.g. for residential and/or 
industrial buildings, accessories, transport. An example of 
an ohmic load is an automobile auxiliary heater; in case of 

30 consumer 11, the latter in this case being an LED chain. The 
current of the second current source IS4 is conducted via the 
resistor R4 and will cause a voltage drop there. The output 
voltages U3, U4 are detected by measurement devices MU3, 

MU4 and are fed to controller RG as measurement values. 
35 Likewise, the currents 13, 14 are detected by two further 

measurement devices MI3, MI4 and again are fed to con­
troller RG as measurement values. The powers P 3, P 4 are 
detected by power measurement devices MP3, MP 4 and fed 
to controller RG as measurement values. 

an inductive load, it can be e.g. a generator or motor, e.g. a 
brushless DC (BLDC), a step motor, single- or multi-phase 
motor, lifting magnets, while, as an example of a capacitive 
load, a supercapacitor can be mentioned, e.g. for storage of 40 

electrical energy. 

Likewise, the operating voltage U 6 is detected by a
measurement device MU 6 and fed to controller RG as a 
measurement value. Not all of these measurement values are 
required for a successful realization. Here, it is merely 
intended to illustrate the potential. A temperature measure-

SUMMARY OF THE DRAWINGS 

The disclosed apparatus will be explained in greater detail 
hereunder by way of several examples and with reference to 
the drawings. In the individual Figures, the following is 
illustrated: 

FIG. 1 shows an exemplary basic structure of an apparatus 
10 with a single LED chain 11 as consumers, 

FIG. 2 shows an exemplary basic structure of an apparatus 
10 with a single LED chain 11 as consumers and a first 
resistor R3, 

FIG. 3 shows an exemplary basic structure of a control 
circuit 10 with a single LED chain 11 as consumers and three 
control channels and three current sources IS3, IS4, IS8, 

FIG. 4 shows an exemplary basic structure of an apparatus 
with three LED chains 11_1, 11_2, 11_3 as consumers and 
three control circuits 10_1, 10_2, 10_3, and an error detec­
tion FD, a color sensor MF and a color controller FR, 

FIG. 5 shows an exemplary variation of the power con­
version in the LED, in the control circuit 10 and in the 
resistor R4 with variation of the operating voltage U 6,

FIG. 6 shows an exemplary variation of the power con­
version in the LED, in the control circuit 10 and in the 
resistor R4 with variation of the operating voltage U 6 in three 
current sources. 

45 ment device will measure the temperature T and make it 
available to controller RG. Controller RG is operative to 
control the current sources IS3, IS4 with the aid of these 
measurement values and optionally with the aid of control 
instructions received from external sources, here a desired 

50 value l,
0
u, and with the aid of magnitudes that have been 

optionally stored and/or derived therefrom. 
In the circuit according to FIG. 2, other than in the circuit 

according to FIG. 1, a further resistor R3 is provided. 
The circuit according to FIG. 3, other than the one 

55 according to FIG. 1, comprises a further output 8 which is 
connected to the first connector 5 again via an external 
resistor R8 . Also the associated measurement devices MU8, 

MI8, MP 8, deliver the respective measurement values P 8, 

U 8, 18 to controller RG which controls the current sources on 
60 the whole. Typically, resistor R8 is selected to have twice the 

value of resistor R4. 

FIG. 4 shows an exemplary control circuit for RGB-LED 
illumination. The control circuits 10_1, 10_2, 10_3 of the 
apparatus will control a respective LED chain 11_1, 11_2, 

65 11_3 of a color. The second connectors 4_1, 4_2, 4_3 are 
respectively connected via an external resistor R4 1, R4 2, 

R4_3 to a first connector 5_1, 5_2, 5_3 of the respective LED 
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chain 11_1, 11_2, 11_3. The respective first connectors 3_1, 

3_2, 3_3 are directly connected to these. The second con­
nectors 6_1, 6_2, 6_3 of the LED chains 11_1, 11_2, 11_3 

are connected to the ground terminal 2 of apparatus 10. A 
reference generator RefG makes it possible to set the desired 5 
values (e.g. l,011) of the individual partial apparatuses 10_1,

10_2, 10_3 from an external site by means of the currents 
Iref_ext_u Iref_ext_2, Iref_ext_3• These currents can be adjusted 
via the resistors Rref_1' Rref_2, Rref_3 with voltage default 
instead of current default. A controller CTR is operative to 10 
control the entire apparatus. The latter can be addressed via 
a data interface ST. The exemplary apparatus is provided 
with a voltage supply SUP by which the uncontrolled 
operating voltage U 6 will be conditioned for use in control 
circuit 10. A color controller FR receives, from a color 15 
sensor MF, information on the color composition and the 
intensity of the irradiated light. These information items are 
converted by the color converter FR into desired-value 
defaults for the partial apparatuses 10_1, 10_2, 10_3. 

Thereby, there are set a color composition and illumination 20 
intensity in compliance with a default. Of course, it is also 
possible to measure the reflected light and to readjust the 
illumination in dependence thereon. In the process, for 
instance, the desired-value defaults of various desired value 
sources which were described before can be combined with 25 

6 
resistor should have the value zero. In a first operating 
voltage range A, the light diodes (LEDs) are not yet con­
ducting. Thus, in this operating voltage range, the current 
through the LEDs and thus the power that is output will 
increase in dependence on the operating voltage U 6. In this 
operating voltage range, the control circuit does not yet 
supply the desired current Isum to the LEDs because the sum 
current 13+14 is delimited not by the control circuit 10 but by 
the LEDs, i.e. the consumer 11. Upon transition from the 
operating voltage range A to a second operating voltage 
range B, the first output 3 supplies the entire current. In the 
present example, the first output 3 is connected directly to 
consumer 11. At the operating voltage point, the output 
current 14 of the second output 4 which via the second 
external resistor R4 is connected to consumer 11, is still O A. 
Thus, the first output 3 has to supply the entire sum current 
13+14 because a voltage drop via the second external resistor 
R4 at the second output 4 is not desired. With the transition 
into the operating voltage range B, the controller of the 
current source, in order to not have to supply current 
anymore, would have to reduce-at the first output 3-its 

internal conductive value connected in parallel to the current 
source. This would lead to an increasing power loss in this 
controller. Therefore, the second output will only gradually 
take over a part of the sum current 13+14. This is effected e.g. 
in that the first output voltage U3 at the first output 3 of 
control circuit 10 and, therefore, the voltage that decreases 
across the LEDs and thus across consumer 11, is kept 
constant. This means that the current 13 + 14 through the LEDs 

each other, e.g. by multiplication, in a suitable device, 
typically the controller RG, to a common desired-value 
default Isum for the respective sum current 13+14, I3+I4+I8 

and/or the distribution parameter Yr An error detection is 
operative to compare the measurement values of the partial 
apparatuses 10_1, 10_2, 10_3 with desired-value defaults or 
desired-value default ranges. In the process, also past values 
and derived values can be used. When the error detector FD 
detects an error condition, the latter will be output via an 
error signal Ss,ar Of course, outputting via the data interface 
ST is possible as well. An internal reference serves for 
setting basic internal parameters. 

30 will remain constant. For this purpose, the second output 
current 14 from the second output 4 is adjusted in such a 
manner that, across the second external resistor R4 that is 
connected between the second output 4 and the LEDs, i.e. 
the second connection of consumer 6, the additional voltage 

35 will decrease. Thus, in this operating voltage range B, the 
power loss P R4 of the second external resistor R4 will 
increase parabolically while the power loss P LED that is 
released in the LEDs will remain constant. From a certain FIG. 5 illustrates the distribution of the power consump­

tions in different operating voltage ranges for an apparatus 
similar to FIG. 1. In a start-up range A, the LEDs are not yet 40 
fully conducting and delimit the current 13+14. In this range, 
typically, only the first output 3 will supply the current of the 
consumer 11 (here, the LEDs). In a second operating current 
range B, the current is gradually taken over by the second 
current path at the second connector 4 with the second 45 
external resistance R4. The power P R4 which in the process 
is converted in the resistor R4 will increase parabolically. 
The power P LED which is converted in the LEDs will remain 
largely constant at the same time. From a certain point of the 
operating voltage, the second output 4 cannot supply enough 50 
voltage anymore. Thus, the total current 13+14 through the 
LEDs, and thus P LED, would increase again. Therefore, now, 
in a third operating voltage range C, the additional power 
loss is converted in the control circuit. The power loss P 10 

point, the current source of second output 4 does not supply 
enough current 14 anymore for still being able to cause the 
voltage across the resistor to further increase along with the 
further increasing operating voltage U 6. This point marks the 
transition to a further operating voltage range C in which 
both the power P R4 in the second external resistor R4 and the 
power PLED in the LEDs remain nearly constant. The addi­
tional power loss will now have to be eliminated in the 
control circuit 10 itself, which can be performed only up to 
a further operating voltage point. Then, a transition occurs 
into an operating voltage range D in which the power in its 
entirety has to be lowered so as to prevent destruction of the 
control circuit 10 and/or of the LEDs, i.e. consumer 11. 

Typically, in this operating voltage range D, a correct and 
full functioning of consumer 11 or of all consumers is not 
existent or possible. 

In case that more than two outputs are used for supply to 
a consumer, here an LED chain, there can of course be 
envisioned more-complex range patterns. 

Thus, in the ranges B and C, the sum of the output currents 
13+14 is kept constant. In range B, readjusting is performed 

of the control circuit is now continuously increasing. The 55 
power input P LED of the LEDs remains constant further on. 
The power input P R4 of the second external resistor R4 

remains constant. In a fourth operating voltage range D, the 
control cannot be maintained anymore, and the system will 
enter an emergency operating mode. 60 by the output current 14 of second output 4 while, in range 

C, by the voltage drop across control circuit 10, the sum 
current 13+14 is readjusted by controller 11 and is kept 
constant. The range D is a range which typically is outside 

FIG. 6 illustrates the control characteristic of an example 
for energy supply of LEDs. This control characteristic is 
provided in such a manner that, in dependence on the 
operating voltage U 6, it has a plurality of operating voltage 
ranges. For the following explanations, it is assumed for the 65 
sake of better understanding that the first resistor R3 has an 
ohmic value of zero. If a plurality of branches exist, one 

the respective specification for control circuit 10 and thus 
merely needs to have emergency operating characteristics. 

FIG. 7 shows a circuit arrangement similar to that accord­
ing to FIG. 1 but with a reduced number of input and output 
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connectors. In other regards, the functionality of this circuit 
is the same as described above. 

From the example according to FIG. 8, it can be seen that 
the consumer 11 is powered via a total of four power 
modules. Respectively two of these power modules are 
connected to a connector of the consumer, wherein each of 
the these pairs of power modules comprises a path that is 
connected to the consumer with the lowest possible ohmic 
value (in the ideal case without an effective ohmic value) 
and a conductive path with external resistor. 

For clarification and generalization of the concept, it 
should be stressed here that the term "external resistor" is 
not necessarily meant in the sense of an ohmic resistor. 
Instead, by this term, it shall be expressed that there exists 
a powerloss consumer arranged externally of the IC, which 
emits electrical power loss e.g. in the form of heat to the 
ambient environment. 

In FIGS. 9 to 20, the above described examples are shown 
in their applications for consumers other than LEDs. In 
FIGS. 9 to 12, the consumer is an ohmic load 12, in FIGS. 
13 to 16, it is an inductive load 13 (with free-wheeling diode 
14 and overvoltage protection diode 15) and in FIGS. 17 to 
20, it is a capacitive load 16. In other regards, the devices 
according to FIGS. 9 to 20 operate in the manner described 
above in the context of FIGS. 1 to 8. In these cases, it is 
possible that the ohmic, inductive or capacitive load in the 
circuits according to FIG. 12, 16 or 20 can be configured 
both as a star connection and as a delta connection. 

Hereunder, for simplification, there is described the sup­
ply of a single consumer by means of two current sources 
feeding current into two current paths. This idea may be 
extended to three or more current paths. 

The reference numerals indicated hereunder are related to 
the drawing. 

Thus, described herein is an apparatus for supplying at 
least one consumer 11 in a controlled manner with electrical 
energy by use of a control circuit 10. For simplification, it 
can be assumed that the control circuit 10 is provided with 
at least four connectors 1, 2, 3, 4. Herein, one connector 2
shall be the ground connection and the reference potential of 
the control circuit 10 that is a part of the apparatus. An 
exemplary consumer 11 is provided with two supply con­
nectors 5, 6. The connectors 5, 6 of consumer 11 are 
connected to an output 3 and to the ground connection 2 of 
control circuit 10. The control circuit 10 is powered with 
electrical energy from a controlled or uncontrolled energy 
source 7 at least via its supply voltage connector 1 and the 
ground connection 2. The second output of control circuit 4
is electrically connected via a second external resistor R4 to 
a first connector 5 of consumer 11. Herein, the consumer 11
can also be nearly any random electrical network of a 
plurality of consumers which are parts of consumer 11. For 
instance, parts or the entirety of the arrangement can be a 
serial and/or parallel connection of LEDs. It is only impor­
tant that the supply of at least a part of the consumers is 
performed via the connectors 5, 6.

In any case, the consumer 11 should have a common 
reference potential with the control circuit 10 and the energy 
source 7. This connection can be established electrically in 
a direct manner or also in an indirect manner via a further 
consumer or a further consumer network. For instance, the 
second connector 6 of consumer 11 can be connected 
directly to the ground connection 2 of control circuit 10.

Of course, it is possible that, between the first output 3 of 
control circuit 10 and the first connector of consumer 5,
there exists, instead of a direct connection, a connection via 
a first external resistor R3 . It is only essential that said first 

8 
external resistor R3 has a different value than the second 
external resistor R4 because it is only then that a controlling 
of the site of the occurrence of the power loss is possible to 
a certain extent. Of course, it is reasonable and beneficial if 

5 one of the external resistors R3, R4 has a value of zero ohm 
which in reality corresponds to a value very slightly different 
from zero. Normally, such a connection is simply realized as 
a direct connection, which corresponds e.g. to a resistance of 
a few mOhm. 

10 The resistors R3, R4 can be considered as having different 
values if, depending on the respective material of the resis­
tors, they differ from each other by more than 1 % and 
preferably more than 2% and preferably more than 5% and 
preferably more than 10% and preferably more than 25% 

15 and preferably more than 50% and preferably more than 
100%. Particularly preferred are lead resistances between 
the first output 3 of control circuit 10 and the second 
connector of consumer 6 of less than 10 ohm or preferably 
less than 5 ohm or preferably less than 2 ohm or preferably 

20 less than 1 ohm or preferably less than 100 mOhm. In the 
sense of the present disclosure, such low resistances can be 
considered in a general manner as having a value of sub­
stantially zero. 

The consumer 11 is now powered with the sum of the two 
25 output currents 13+14. To make it possible for the control 

circuit 10 to fulfill its function, i.e. the controlling of the 
current through consumer 11, the sum of the two output 
currents 13+14 at the outputs 3, 4 of control circuit 10 has to 
be controlled. Thus, the sum of the output currents 13+14 

30 must be generated within the control circuit as an actual 
value. In the control circuit, this actual value 13+14 will be 
compared with a desired value tum which is predefined. In 
case of deviations between the sum of the output currents 
13+14 and the desired value tum, both currents will be 

35 correspondingly readjusted. In the most simple case, this 
"corresponding" readjustment is performed e.g. by propor­
tional control wherein the two currents 13, 14 of the two 
outputs 3, 4 will be readjusted by the same factor. Of course, 
a correspondence of the desired value tum to the predefined 

40 sum current 13 + 14 can also comprise more-complicated func­
tions than the above defined simply affine representation. It 
is important that that this correspondence can at least 
temporarily be described by a bijective, strictly monotone 
ascending function between the desired value t011 

and the 
45 current sum 13+14. The desired value tum can be externally 

predefined or be fixedly predefined in control circuit 10 by 
an internal reference current Iref

_inr Of course, it is possible 
e.g. to convert these values, by means of analog or digital
computing circuits, into other parameters prior to compari-

50 son. This default of the desired value tum can be set 
externally e.g. by a reference current Iref_ext or a reference 
resistance Rref' In case of a programmed default, it is 
possible, e.g. via a data interface ST, to write a value into a 
register whereupon a digital/analog converter ADC will 

55 generate the desired value, as is known. 
As a second substantial controllable parameter, the dis­

tribution of the sum current 13+14 between the output cur­
rents 13, 14 is to be mentioned. Since, after all, their sum 13+14 

is determined by their desired value tum, only the ratio of the 
60 distribution between these currents 13, 14 will be defined by 

at least one control parameter. This control parameter will 
hereunder be referred to as a distribution parameter Yr This 
distribution parameter V

P 
can be determined in a variety of 

ways. In the most simple case, it will be externally pre-
65 defined via an interface. This can be performed e.g. again via 

a data interface ST and a further register or via a PWM 
interface, wherein the duty cycle represents e.g. the distri-
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bution parameter V

P 
or one of the mentioned analog values 

Iref_exr Much better, however, is the determination of the 
distribution parameter V

P 
within the control circuit 10 itself. 

10 
7 or the temperature T of control circuit 10, the temperature 
T of a part of control circuit 10 or the temperature T in the 
vicinity of control circuit 10 or the temperature T in the 
vicinity of at least one consumer 11, the temperature T in the For this purpose, the control circuit typically comprises a 

suitable component which will perform the determination of 
the distribution parameter Vr 

For determining this distribution parameter V
P

, it is 
reasonable, first, to detect substantial operating parameters 
of control circuit 10. Herein, this detection does not neces­
sarily have to performed continuously. For specific operat­
ing parameters, predefined points of time can be provided. 
For this purpose, the measurements can be performed cycli­
cally or with the aid of a band-limited measurement trigger 
signal. As soon as the signal fulfills certain conditions, e.g. 
a zero crossing, a measurement will be performed. The latter 
methodology has the advantage of making it possible to 
meet the demands of electromagnetic compatibility. This, 
however, will depend on the concrete application. Reason­
able measurement values have been found to include a 
measurement of the output current 13, 14 of control circuit 10,

and/or a measurement of the output voltage U3, U4 of control 
circuit 10 as well as a measurement of operating tempera­
tures T. The latter can be measured e.g. in the control circuit 

5 vicinity of at least one external resistor R3, R4, Rg or the 
temperature T in a coolant or a cooling medium in the 
vicinity of a resistor R3, R4, R5 or a temporarily stored value 
of these values or a magnitude derived from these values 
and/or from their temporarily stored values. 

10 It has been shown that good results can already be 
obtained if the distribution parameter V

P 
is the operating 

voltage U 6 or correlates with it. However, it can also be 
envisioned that, as a distribution parameter V

P
, use is made 

15 of one of the output currents 13, 14 or one of the output
voltages U3, U4 or one of the output powers P3, P4 or the sum 
of all or a part of the output currents 13 + 14 or the sum of all 
or a part of the output powers P3+P 4 or the temperature T of 
control circuit 10, the temperature T of a part of control 

20 circuit 10 or the temperature T in the vicinity of control 
circuit 10 or the temperature T in the vicinity of a consumer 
11, the temperature T in the vicinity of a resistor R3, R4 or 
the temperature T of a coolant or a cooling medium in the 

10 itself or in parts of the control circuit 10 and/or in the 
vicinity of the control circuit 10 and/or in the vicinity of a 25 
resistor R3, R4 and/or in the vicinity of a consumer 11. One 
or a plurality of these values can then be converted into said 
distribution parameter V

P 
by analog or digital computation. 

vicinity of a resistor R3, R4. 
Further, however, it is also possible to control the sum of 

the output currents 13, 14 in dependence on one of the output 
voltages U3, U4 or in dependence on one of the output 
powers P 3, P 4 or in dependence on the sum of the output 
powers P3+P4 or in dependence on the temperature T of Of course, a multidimensional control which will control 

both the current sum 13+14 and the current distribution 
between the output currents 13, 14 is reasonable because, by 
way of the measurements, it is particularly possible to detect 
fault conditions, which may result in switch-off of the 
control circuit by switching off one or a plurality of outputs. 

30 control circuit 10 or the temperature T of a part of control 
circuit 10 or the temperature T in the vicinity of control 
circuit 10 or the temperature T in the vicinity of a consumer 
11 or the temperature T in the vicinity of a resistor R3, R4. 
Instead of the above-mentioned values or in addition to 

In so far, it appears reasonable to consider not only the 35 
present values of these measurement values but also their 
previous values and previous values for the desired value of 
the current sum tum and the distribution parameter V

P 
for 

computation of the present desired values for the current 
sum Isum and the distribution parameter V

P
. Optionally, these 40 

previous values are temporarily stored in a suitable analog or 
digital memory. Said analog memories can be a low-pass or 
a sample and hold circuit. 

All these measured parameters and also the development 
of the stored values and their single and higher derivatives 45 
and values derived therefrom can respectively be compared 
to desired values. 

them, it is also possible to use, for the controlling, stored 
values of these values and/or magnitudes derived from these 
values or the operating voltage U6. 

As already mentioned, the existing measurement values 
open up the possibility to use them for error recognition. For 
this reason, the apparatus does not only comprise compo­
nents for performing these measurements and generating 
said control signals IsoW V

P 
from these, but preferably­

even though not necessarily-also a component that has the 
function of error monitoring. This component will emit at 
least one error signal Ss,at which can signal an error. Such an 
error signal Ss,at can also consist of the contents of a register 
or of a bit, which can be read via a digital interface, e.g. a 
data interface ST, and whose value is generated by said 
component. Of course, analog signaling via special conduits 

50 is possible as well. 

Therefore, the apparatus comprises a component, typi­
cally a controller RG, for comparing one of the measured 
values or a temporarily stored measurement value or a value 
derived therefrom with an associated desired value. The 
comparison is carried out by controller RG in that the 
controller examines whether said measured value is smaller 
than the desired value or larger than the desired value. Of 
course, it is reasonable in some cases that the controller will 
examine whether the measured value is equal to a desired 
value. This means that the desired value has to lie within a 
tolerance band around the desired value. Thus, what is 
involved here is rather a tolerance band. Of course, it would 
then not be reasonable if these measured values were at the 60 
same time evaluated as larger or smaller. As measurement 
values for such a comparison, there could be used e.g. one 
of the output currents 13, 14, lg or one of the output voltages 
U3, U4, Ug or one of the output powers P3, P4, Pg or the sum 

In this regard, it is of special importance that this com­
ponent should be able to receive also error messages of other 
systems which are not a part of the control circuit. This, the 
component preferably should be adapted to be linked to the 

55 error signal of a further apparatus. This makes it possible 
that e.g. an error in a module comprising a control circuit 
and consumers will be able to switch off all modules 
connected by linking. It is particularly advantageous to 
effect this linking e.g. by a wired-or circuit and a pull-up 
resistor of the error signal S star 

As error modi which have to be detected with particular 
preference, there are to be mentioned 

of all or a part of the output currents 13+14, I3+I4+lg or the 65 
sum of all or a part of the output powers P3+P 4, P3+P 4+Pg 

a) an "open error" wherein an interruption or significant
restriction of the current flow through a consumer is
detected, and 

b) a short circuit wherein a consumer is bypassed or has a
massively lowered internal resistance.or the operating voltage U 6 made available by energy source 
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An indicator of an "open error" can be e.g. an output 

current I3 , I4 which is smaller than 10% or 20% or 30% or 
40% or 50% of predefined desired value or expected value. 

12 
Further, the external resistor R3 , R4, R4 1, R4 2, R4 3 , R4 s 
can be mounted at a site different from the site or control 
circuit 10. This makes it possible, for instance, by suitable 
thermal insulation between the external resistor R3, R4, In this regard, a value less than 30% has been found to be 

of particular advantage. 
As an indicator of a short circuit, there can be used an 

output voltage U3 , U4 which at least at one of the outputs 3,

5 R4 1, R4 2, R4 3, R4 s and the control circuit 10, to protect 
the- circuit from a too high temperature load. As a resistor, 
there is then used a kind of electronic cooling body with 
respect to the system. Thus, it is a feature of a corresponding 4 of control circuit 10 is smaller than a predefined desired 

value. In case of a current supply for an LED chain, this 
desired value depends on the number of the LEDs. For 10 
instance, it can have a value of 0.5 V or 0.1 V or 1.5 V but 
also other values. Besides, in case of an LED circuit, it is 
reasonable if one of the resistors R3, R4 has a value of zero 
ohm or nearly zero ohm. This is to be interpreted to the effect 
that the resistor should have a value of less than 10 ohm or 15 
preferably less than 5 ohm or preferably less than 2 ohm or 
preferably less than 1 ohm or preferably less than 100 
mOhm. 

example that an external resistor Rref-l' Rref_2, Rref_3 is 
mounted at such a spatial distance or is thermally insulated 
in some other manner from control circuit 10 that, when the 
maximum specified operating temperature TR of the respec­
tive external resistor R3, R4, Rs, R4 1, R4 2, R4 3 is reached, 
the temperature of control circuit 10 will be increased in the 
best case by not more than 10° C., or less favorably by not 
more than 20° C., or less favorably by not more than 40° C., 
or less favorably by not more than 80° C. 

On the other hand, cooling is particularly effective if the 
temperature difference between the external resistor and its If now, with the aid of a component of control circuit 10,

such an error is detected from an external site by means of 
signaling or by measurement or due to a deviation from a 
desired value or range of desired values or a predefined 
temporal development or development range of one of the 
above discussed parameters and/or one of the above 
described control values and/or a magnitude derived from 
these, a possible measure to be taken by an optional control 
within control circuit 10 resides in that the energy supply of 

20 cooling means, e.g. a coolant or a cooling body, is maxi­
mized. This can be performed by maximizing the allowable 
operating temperature of the external resistor. Thus, it is a 
feature of one example of the apparatus that, in an operating 
range of control circuit 10 confirming with the specification, 

at least one consumer 11 in form of the energy supplied by 
the control circuit 10 to this consumer will be reduced or 
interrupted. 

25 an external resistor R3 , R4, Rs, R4 1, R4 2, R4 3 has a 
temperature TR higher than 150° C. -or better higher than 
200° C. or better higher than 250° C. or better higher than 
350° C. or better higher than 450° C. In this regard, it is e.g. 
conceivable to perform the cooling by liquid metal, i.e. for 

30 example lead or tin. In this case, also the melting heat can 
be used if the stresses only have a short duration. Thus, the 
apparatus is capable of successfully controlling very high 
peak loads, which marks a significant difference between 

A special form of self-diagnosis of the apparatus can be 
performed in that one of the current paths, e.g. the second 
connector 4 of control circuit 10 will not be supplied with 
current and the voltage in this path, in this example the 
second output voltage U4, will be measured. Thereby, the 35 
state of an LED chain acting as a consumer 11 can be 
detected in a more reliable manner. However, such a mea­
surement process involves a disturbance of operation. 
Therefore, this measurement can be performed, if at all, only 
temporarily and typically only with a certain minimum time 40 
interval and e.g. periodically. Thus, a possible self-diagnosis 
in the form of error detection, at least for one possible error, 
will only be performed at specific times and not continu­
ously. 

Of course, it can be envisioned to use a plurality of control 45 
circuits 10 e.g. for RGB light control. For this purpose, for 
instance, three LED chains in the colors red, green and blue 
will be needed. In this exemplary variant, each of these LED 
chains is supplied with energy by a respective apparatus. To 
set the correct color, it is thus reasonable, for this purpose, 50 
to combine this triple control circuit with a color sensor MF. 
The latter will typically supply three actual values by which 
the respective current sums tum_r, tum_g and tum_b will be 
readjusted. Then, as an external desired value, three values 
can be predefined which, depending on the respective color 55 
model, will be converted by a computer into the desired 
values tum_r, tum_g and tum_b· Of course, the desired values 
can also be predefined directly by an external circuit and/or 
by programming. Such an external circuit can be performed 
e.g. by reference currents Iref_ext_u Iref_ext_2, Iref_ext_3 which 60
are programmed by external resistors Rref_1' Rref_2, Rref_3 -

At this point, it should finally be mentioned that, in case 
of a suitable design of the external resistors R3, R4, R4 1, 
R4 2, R4 3, R4 s, operating temperatures can be allowed 
with this - resistor that are far above the operating tempera- 65 
tures that are allowed for semiconductors and thus for a 
realization of the control circuit 10 as an integrated circuit. 

this apparatus and the state of the art. 
The apparatus further comprises one or a plurality of 

features from the groups of features listed hereunder, or one 
or a plurality of the groups of features listed hereunder: 
1. An apparatus for controlled supply of electrical energy to 

a consumer 11 by a control circuit 10, wherein
the control circuit 10 comprises at least four connectors 1,

2, 3, 4, 8,

the consumer 11 comprises at least two supply connectors
5, 6,

the control circuit 10, at least via at least two of its
connectors 1, 2, is supplied with electrical energy from 
a controlled or uncontrolled energy source 7,

at least one output 3, 4, 8 of the control circuit 10 is 
electrically connected, via an external resistor R3 , R4, 
Rs, to at least one first connector 5 of the consumer 11,

a further output 3, 4, 8 of the control circuit 10 is 
electrically connected, via an external resistor R3 , R4, 
Rs or directly, to said first connector 5 of the consumer 
11, 

the consumer 11 is electrically connected, via at least one 
further second connector 6, to the energy source 7 or to 
a further connector 2 of the control circuit 10,

in case that at least two second external resistors R3 , R4, 
Rs exist, these have different values, 

the sum of the output currents I3+I4, I3+I4+Is at the 
outputs 3, 4, 8 of the control circuit 10 corresponds to 
a sum current I3+I4, I3+I4+Is predefined as a desired 
value tum, and 

the distribution, with regard to the amount of the current, 
of sum of the output currents I3+I4, I3+I4+Is between 
the output currents I3+I4+Is of the outputs 3, 4, 8 of the 
control circuit 10 is dependent on at least one control 
parameter, i.e. distribution parameter V

P
, that is 
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detected in the control circuit 10 or is predefined from 

an external site via an analog or digital interface ST or 

another signal PWM. 

2. The apparatus according to item 1, wherein the control

circuit 10 comprises at least two current sources IS3, IS4, 5

IS8 supplying the output currents I3+I4+I8.

3. The apparatus according to item 1 or 2, wherein the

control circuit comprises at least one device MI3, MI4,

MI
8 

for at least temporarily measuring at least one output

current I3+I4+I8.
10 

4. The apparatus according to any one or a plurality of items

1 to 3, wherein the control circuit comprises at least one

device MU3, MU4, MU8 for at least temporarily measur-

ing at least one output voltage U3, U4, U8 at one of the 15
outputs 3, 4, 8 of the control circuit 10.

5. The apparatus according to any one or a plurality of items

1 to 4, wherein the control circuit comprises at least one

device MU 6 for at least temporarily measuring at least one

supply voltage U6 of a control circuit 10. 20 
6. The apparatus according to any one or a plurality of items

1 to 5, wherein the control circuit comprises at least one
device MP3, MP 4, MP 8 for at least temporarily measuring
at least one output power P 3, P 4, P 8 at one of the outputs
3, 4 of the control circuit 10. 25 

7. The apparatus according to any one or a plurality of items
1 to 6, wherein the control circuit 10 comprises at least
one device for at least temporarily measuring at least one
temperature T
in the control circuit 10 itself and/or or 30 
in parts of the control circuit 10 and/or
in the vicinity of the control circuit 10 and/or
in the vicinity of at least one consumer 11 and/or
in the vicinity of at least one external resistor R3, R4, R8 

and/or 35 
in a coolant or a cooling medium in the vicinity of a 

resistor R3, R4, R8. 
8. The apparatus according to any one or a plurality of items

3 to 7,
wherein the apparatus comprises at least one component 40

RG for comparing at least one of the measured values 
or a temporarily stored measurement value or a value 
derived therefrom to at least one associated desired 
value, 

wherein the comparison by the device RG is performed on 45 
the basis of whether said measured value is smaller 
than the desired value or larger than the desired value 
or optionally equal to the desired value, wherein 
"equal" means that the measured value is within a 
tolerance band around the desired value or that all 50 
values within this tolerance band are not evaluated as 
being larger or smaller, 

wherein at least one of the measurement values is 
one of the output currents 13, 14, 18 or 
one of the output voltages U 3, U 4, U 8 or 55 
one of the output powers P 3, P 4, P 8 or 
the sum of all or a part of the output currents 13+14, 

13+14+18 or 
the sum of all or a part of the output powers P3+P 4, 

P3+P4+P8 or 60 
the operating voltage U 6 made available by energy

source 7 or 
the temperature T of control circuit 10 or 
the temperature T of a part of control circuit 10 or 
the temperature T in the vicinity of control circuit 10 or 65 
the temperature T in the vicinity of at least one con-

sumer 11 or 

14 
the temperature T in the vicinity of at least one external 

resistor R3, R4, R8 or 

the temperature T in a coolant or a cooling medium in 

the vicinity of a resistor R3, R4, R8 or 

a temporarily stored value of these values or 

a magnitude derived from these values and/or from 

their temporarily stored values. 

9. The apparatus according to any one or a plurality of items

1 to 8, wherein at least one distribution parameter V
P 

is

one of the output currents 13, 14, 18 or

one of the output voltages U3, U4, U8 or

one of the output powers P 3, P 4, P 8 or 

the sum of all or a part of the output currents 13+14,

I3+I4+I8 or 

the sum of all or a part of the output powers P3+P4, 

P3+P4+P8 or 

the operating voltage U 6 of the control circuit 10 or

the temperature T of control circuit 10 or 

the temperature T of a part of control circuit 10 or 

the temperature T in the vicinity of control circuit 10 or 

the temperature T in the vicinity of at least one consumer 
11 or 

the temperature T in the vicinity of at least one external 
resistor R3, R4, R8 or 

the temperature T in a coolant or a cooling medium in the 
vicinity of a resistor R3, R4, R8 or 

a temporarily stored value of the above values or 
a magnitude derived from these values or 
a magnitude derived from the temporarily stored values of 

the above values. 
10. The apparatus according to any one or a plurality of

items 1 to 9, wherein
the sum of at least two output currents 13+14, 13, +14, +18 

is dependent on 
at least one of the output voltages U 3, U 4, U 8 and/or 
at least one of the output powers P 3, P 4, P 8 or 
the sum of all or a part of the output powers P3+P4, 

P3+P4+P8 and/or 
the operating voltage U 6 made available by energy 

source 7 and/or 
the temperature T of control circuit 10 and/or 
the temperature T of a part of control circuit 10 and/or 
the temperature T in the vicinity of control circuit 10 

and/or 
the temperature T in the vicinity of at least one con­

sumer 11 and/or 
the temperature T in the vicinity of at least one external 

resistor R3, R4, R8 and/or 
the temperature T in a coolant or a cooling medium in 

the vicinity of a resistor R3, R4, R8 and/or 
a temporarily stored value of the above values and/or 
a magnitude derived from these values and/or 
a magnitude derived from the temporarily stored values 

of the above values. 
11. The apparatus according to any one or a plurality of

items 1 to 10 and according to item 8, wherein
at least one of said components FD of item 8 has the

function of error monitoring and emits at least one error 
signal Ss,at or emits said signal upon request, 

the error signal Ss,at can signal an error.
12. The apparatus according to any one or a plurality of

items 1 to 11 and according to item 11, wherein
at least one of said components FD of item 11 can be

linked to the error signal Ss,at ext of a further apparatus 
in accordance with the invention or of a further appa­
ratus not in accordance with the invention, so that the 
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apparatus emits the error signal Ss,at ext of the further 
apparatus as an error by means of the-error signal Ss,ar 

13. The apparatus according to item 12, wherein the linking
is performed by a "wired-or" connection.

14. The apparatus according to any one or a plurality of 5
items 11 to 13, wherein at least one of the detected errors 
is an "open error" or a short circuit. 

15. The apparatus according to item 14, wherein

16 
wherein the apparatus comprises at least two control 

circuits 10_1, 10_2 according to one or a plurality of 
items 1 to 21, and 

wherein at least a part of these at least two control circuits 
10_1, 10_2 respectively supplies electrical energy to at 
least one of the consumers 11_1, 11_2, and 

wherein this respective consumer 11_1, 11_2 is not also 
supplied with energy by any one of the other control 
circuits 10_1, 10_2. an "open error" is detected when there is detected at least

one output current 13, 14 which is smaller than 10% or 
20% or 30% or 40% or 50% of desired value or 
expected value, or 

a short circuit is detected when the output voltage V3, V4 

V 8 at least at one of the outputs 3, 4 of control circuit 
10 is smaller than a desired value. 

10 23. The apparatus according to item 22, wherein the refer­
ence currents Iref_ext for the current sources of at least two 
of the control circuits 10_1, 10_2 of the apparatus can be 
set by a respective external reference signal or by pro-

16. The apparatus according to item 15, wherein
a short circuit is detected when at least one output voltage

V 3, V 4, V 8 at least at one of the outputs 3, 4 of control 
circuit 10 is smaller than 0.5 or 0.1 V or 1.5 V and 

15 

at least one of the consumers is an LED or an intercon- 20 
nection of LEDs, and 

one of the outputs 3, 4, 8 of the control circuit 10 is 
directly connected to a first connector 5 of the con­
sumer 11. 

17. The apparatus according to any one or a plurality of 25
items 11 to 16, wherein, in case of an error, the energy
supply of at least one consumer in form of the energy
supplied by the control circuit to this consumer is reduced
or interrupted.

18. The apparatus according to any one or a plurality of 30
items 11 to 17, wherein a self-diagnosis in the form of
error detection by at least one component FD at least for 
one possible error, is only performed at specific times and
not continuously. 

19. The apparatus according to any one or a plurality of 35
items 1 to 18, wherein
at least one consumer 11 is

an LED or 
at least partially a serial connection of LEDs 11, 11_1, 

11_2, 11_3 or 
at least partially a parallel connection of LEDs. 

20. The apparatus according to any one or a plurality of
items 1 to 19, wherein

40 

at least one output current 14, 18 of an output 4, 8 of the
control circuit 10 is dependent on the operating voltage 45 
Vb, wherein also operating voltage ranges D are com­
prised in which no correct function is performed any­
more, and 

this output current 14, 18 is constant in at least one 
operating voltage range C, Cl, C2. 

21. The apparatus according to any one or a plurality of
items 1 to 20, wherein

50 

at least one current sum 13+14 of at least two output
currents 14, 13 of two associated outputs 3, 4 of the 
control circuit 10 is dependent on the operating voltage 55 
Vb, wherein also operating voltage ranges D are com­
prised in which no correct function is performed any­
more, and 

this current sum 13+14, I3+I4+I8 and/or the consumer 
power loss P LED are constant in at least one operating 60 
voltage range B, C, Cl, C2, and 

at least one of the currents 1
4 

in at least one of the voltage 
ranges B is not constant in which the current sum 13+14, 
I3+I4+I8 and/or the consumer power loss PLED is con­
stant. 

22. An apparatus for controlled supply of electrical energy to 
at least two consumers 11_1, 11_2,

65 

graniming. 
24. An apparatus comprising at least two or three partial

apparatuses 10_1, 10_2, 10_3 according to any one or a
plurality of items 1 to 23,
wherein each partial apparatus supplies electrical energy

to a respective LED chain 11_1, 11_2, 11_3 or a 
respective other interconnection of light-generating 
components, and 

wherein the LED chains 11_1, 11_2, 11_3 or other inter­
connections of light-generating components together 
illuminate at least one spatial area, and 

wherein the LED chains 11_1, 11_2, 11_3 or other inter­
connections of light-generating components each irra­
diate light in a different color or centroid wavelength, 
and 

wherein the apparatus comprises at least one color sensor 
MF, and 

wherein at least this color sensor MF delivers at least one 
measurement value for the color of at least a part of the 
light irradiated back from the illuminated area and/or of 
the light of the LED chains or of the other said 
light-generating components, and 

wherein the respective sum currents 13+14 of the respec­
tive partial apparatuses are set in dependence on said at 
least one measurement value of the color sensor MF 
and at least one associated desired value. 

25. The apparatus according to any one or a plurality of
items 1 to 24,
wherein at least one external resistor R3, R4, R8, R4 1,

R4 2, R4 3 is mounted at a spatial distance or is ther­
mally insulated in some other manner from control 
circuit 10, 

so that, when the maximum specified operating tempera-
ture TR of the respective external resistor R3, R4, R8, 
R4 i, R4 2, R4 3 is reached, the temperature of control 
circuit 10 is increased by not more than 10° C., or by 
not more than 20° C., or by not more than 40° C., or by 
not more than 80° C. 

26. The apparatus according to any one or a plurality of
items 1 to 25, wherein, in at least one operating range of 
control circuit 10 conformal with the specification, at least 
one external resistor R3, R4, R8, R4 i, R4 2, R4 3 has a 
temperature TR higher than 150° C. or higher than-200° C. 
or higher than 250° C. or higher than 350° C. or higher 
than 450° C. 

27. A control circuit 10 for use in an apparatus according to
any one or a plurality of items 1 to 26,
wherein the control circuit comprises at least two current

sources IS3, IS4, IS8, and 
the sum of the output currents 13+14, I3+I4+I8 at the 

outputs 3, 4, 8 of the control circuit 10 corresponds to 
a sum current 13+14, I3+I4+I8 predefined as a desired 
value tum, and 
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the distribution, with regard to the amount of the current, 

of sum of the output currents 13+14, I3+I4+I8 between 
the output currents I3+I4+I8 of the outputs 3, 4, 8 of the 
control circuit 10 is dependent on at least one control 
parameter, i.e. distribution parameter V

P
, that is 5 

detected in the control circuit 10 or is predefined from 
an external site via an analog or digital interface ST or 
another signal PWM. 

28. A method for controlled supply of electrical energy to a
consumer 11 by a control circuit 10, wherein 10 
the control circuit 10 comprises at least four connectors 1,

2, 3, 4, 8, 

the consumer 11 comprises at least two supply connectors 
5, 6, 

the control circuit 10, at least via at least two of its 15 
connectors 1, 2, is supplied with electrical energy from 
a controlled or uncontrolled energy source 7, 

at least one output 3, 4, 8 of the control circuit 10 is 
electrically connected, via an external resistor R3 , R4, 
R8, to at least one first connector 5 of the consumer 11, 20 

a further output 3, 4, 8 of the control circuit 10 is 
electrically connected, via an external resistor R3 , R4, 
R8 or directly, to said first connector 5 of the consumer 
11, 

the consumer 11 is electrically connected, via at least one 25 
further second connector 6, to the energy source 7 or to 
a further connector 2 of the control circuit 10, 

in case that at least two second external resistors R3 , R4, 
R8 exist, these have different values, 

the sum of the output currents 13+14, I3+I4+I8 at the 30 
outputs 3, 4, 8 of the control circuit 10 corresponds to 
a sum current 13+14, I3+I4+I8 predefined as a desired 
value Isum' and 

the distribution, with regard to the amount of the current, 
of sum of the output currents 13+14, I3+I4+I8 between 35 
the output currents I3+I4+I8 of the outputs 3, 4, 8 of the 
control circuit 10 is dependent on at least one control 
parameter, i.e. distribution parameter V

P
, that is 

detected in the control circuit 10 or is predefined from 
an external site via an analog or digital interface ST or 40 
another signal PWM. 

29. The method according to item 24, wherein the control is
performed with the aid of at least two real current sources
with finite internal resistances, said current sources sup-
plying the output currents I3+I4+I8. 45 

30. The method according to item 24 or 29, wherein at least
temporarily at least one output current I3+I4+I8 is mea­
sured.

31. The method according to any one or a plurality of items
24 to 30, wherein at least one output voltage U3, U4, U8 50
is at least temporarily measured at one of the outputs 3, 4,

8 of the control circuit 10.

32. The method according to any one or a plurality of items
24 to 31, wherein at least one supply voltage U 6 of a
control circuit 10 is measured. 55 

33. The method according to any one or a plurality of items
24 to 32, wherein at least one output power P 3, P 4, P 8 is
at least temporarily measured at one of the outputs 3, 4,

8 of the control circuit 10.

34. The method according to any one or a plurality of items 60
24 to 33, wherein at least one temperature T is at least
temporarily measured 
in the control circuit 10 itself and/or or
in parts of the control circuit 10 and/or
in the vicinity of the control circuit 10 and/or 65
in the vicinity of at least one consumer 11 and/or
in the vicinity of an external resistor R3 , R4, R8 and/or

18 
in a coolant or a cooling medium in the vicinity of a 

resistor R3 , R4, R8. 
35. The method according to any one or a plurality of items

30 to 34, wherein at least one of the measured values or
at least one of the temporarily stored values or at least one
value derived therefrom (said values) is compared to at
least one desired value,
wherein the comparison is performed on the basis of

whether said value is smaller than the desired value or 
larger than the desired value or optionally equal to the 
desired value, wherein "equal" means that the said 
value is within a tolerance band around the desired 
value and that a said value within this tolerance band is 
not evaluated as being larger or smaller, 

wherein at least one of the said values is 
one of the output currents 13, 14, 18 or 
one of the output voltages U 3, U 4, U 8 or 
one of the output powers P 3, P 4, P 8 or 
the sum of all or a part of the output currents 13+14, 

I3+I4+I8 or 
the sum of all or a part of the output powers P3+P4, 

P3+P4+P8 or 
the operating voltage U 6 made available by energy

source 7 or 
the temperature T of control circuit 10 or 
the temperature T of a part of control circuit 10 or 
the temperature T in the vicinity of control circuit 10 or 
the temperature T in the vicinity of at least one con-

sumer 11 or 
the temperature T in the vicinity of at least one external 

resistor R3 , R4, R8 or 
the temperature T in a coolant or a cooling medium in 

the vicinity of a resistor R
3
, R

4
, R

8 
or 

a temporarily stored value of these values or 
a magnitude derived from these values and/or from 

their temporarily stored values. 
36. The method according to any one or a plurality of items

24 to 35, wherein
at least one distribution parameter V

P 
is

one of the output currents 13, 14, 18 or 
one of the output voltages U 3, U 4, U 8 or 
one of the output powers P 3, P 4, P 8 or 
the sum of all or a part of the output currents 13+14, 

I3+I4+I8 or 
the sum of all or a part of the output powers P3+P4, 

P3+P4+P8 or 
the operating voltage U 6 made available by the energy

source 7 or 
the temperature T of control circuit 10 or 
the temperature T of a part of control circuit 10 or 
the temperature T in the vicinity of control circuit 10 or 
the temperature T in the vicinity of at least one con-

sumer 11 or 
the temperature T in the vicinity of at least one external 

resistor R3 , R4, R8 or 
the temperature T in a coolant or a cooling medium in 

the vicinity of a resistor R
3
, R

4
, R

8 
or 

a temporarily stored value of the above values or 
a magnitude derived from these values or 
a magnitude derived from the temporarily stored values 

of the above values. 
3 7. The method according to any one or a plurality of items 

24 to 36, wherein 
the sum of at least two output currents 13+14, 13 , +14, +18 

is dependent on 
at least one of the output voltages U 3, U 4, U 8 and/or 
at least one of the output powers P 3 , P 4, P 8 or 



US 10,136,496 B2 

19 
the sum of all or a part of the output powers P3+P 4, 

P3+P4+P8 and/or 
the operating voltage U 6 made available by energy 

source 7 and/or 
the temperature T of control circuit 10 and/or 
the temperature T of a part of control circuit 10 and/or 
the temperature T in the vicinity of control circuit 10 

and/or 
the temperature T in the vicinity of at least one con­

sumer 11 and/or 
the temperature T in the vicinity of at least one external 

resistor R3 , R4, R8 and/or 
the temperature T in a coolant or a cooling medium in 

the vicinity of a resistor R
3
, R

4
, R

8 
and/or 

10 

a temporarily stored value of the above values and/or 15 
a magnitude derived from these values and/or 
a magnitude derived from the temporarily stored values 

of the above values. 

20 
constant in which said current sum 13+14, I3+I4+I8 of at 
least two output currents I3+I4+I8 is maintained con­
stant, 

wherein the latter operating voltage range B is a part of 
the first mentioned operating voltage range B, C, Cl, 

C2 or is equal to it. 
4 7. A method for controlled supply of electrical energy to at 

least two consumers 11_1, 11_2, 11_3, wherein at least a 
part of these consumers 11_1, 11_2, 11_3 are supplied 
with electrical energy respectively by means of a method 
according to any one or a plurality of items 24 to 46. 

48. The method according to item 47, wherein at least two
output currents I3+I4+I8 are set by a respective external
reference signal Iref_ext_v Iref_ext_2, Iref_ext_3 or by pro­
grannning.

The invention claimed is: 
1. An apparatus for supplying at least one of electrical

energy and electrical power for at least one consumer 38. The method according to any one or a plurality of items
24 to 37 and according to item 35, wherein 20 comprising: 
by the comparison of a measurement value with a desired

value according to item 35, error monitoring and/or 
error detection are performed, and 

wherein at least one error signal Sstat is generated that 
serves for signaling an error when the error is detected 25 
by said comparison. 

39. The method according to any one or a plurality of items
24 to 38 and according to item 38, wherein 
at least one external error signal Sstat ext is received and 
an error signal Sstat serving for signaling an error is 30 

generated, i.e. an error is signaled, even when at least 
one received external error signal Sstat ext signals 
another error. 

40. The method according to any one or a plurality of items
38 to 39, wherein at least one of the detected errors is an 35
"open error" or a short circuit.

41. The method according to item 40, wherein
an "open error" is detected when there is detected at least

one output current 13, 14, 18 which is smaller than 10% 
or 20% or 30% or 40% or 50% of desired value or 40 
expected value, or 

a control circuit implemented as an integrated circuit 
comprising: 
an input configured to receive electrical energy; 
at least two outputs including a first and second output 

controlled by the control circuit, each of the at least 
two outputs configured to supply one of electrical 
energy and electrical power to a consumer; 

at least one resistor arranged outside of the integrated 
circuit, the at least one resistor including a first 
resistor connected between the second output and the 
consumer, the first resistor connected to the con-
sumer at a connecting point between the first resistor 
and the consumer; 

the first output connected directly to the consumer at 
the connecting point between the first resistor and the 
consumer; 

wherein the control circuit is programmed to: 
supply to the consumer, based on a specified value, 

an amount of electrical power; and 
distribute the at least one of the electrical energy and 

electrical power provided to the consumer 
between the first output and the second output 
based on a distribution parameter. 

a short circuit is detected when at least one measured 
output voltage U3 , U4 U8 is smaller than a desired 
value. 

42. The method according to item 41, wherein a short circuit
is detected when at least one output voltage U3, U4, U8 is
smaller than 0.5 or 0.1 V or 1.5 V.

2. The apparatus of claim 1, wherein the control circuit is
45 further programmed to do at least one of: 

43. The method according to any one or a plurality of items
38 to 42, wherein, in case of an error, the energy supply
of at least one consumer in form of the energy supplied by 50
the control circuit to this consumer is reduced or inter­
rupted.

44. The method according to any one or a plurality of items

receive the distribution parameter from an external 
source, and 

determine the distribution parameter based on data indi­
cating a supply state of the apparatus. 

3. The apparatus of claim 1, wherein the at least two 
outputs includes a third output, and the at least one resistor 
includes a second resistor arranged outside the integrated 
circuit, between the third output and the consumer. 

38 to 43, wherein a self-diagnosis in the form of error
detection at least for one possible error is only performed
at specific times and not continuously.

4. The apparatus of claim 3, wherein a value of the first
55 resistor is different from a value of the second resistor. 

45. The method according to any one or a plurality of items
24 to 44, wherein at least one output current 14 is con­
trolled to be constant in at least one operating voltage
range C.

46. The method according to any one or a plurality of items
24 to 45, wherein
at least one current sum 13+14, I3+I4+I8 of at least two

output currents 14, 13 , 18 is maintained constant in at 
least one operating voltage range B, C, Cl, C2, 

at least one of the currents 14 in at least one of the 
operating voltage ranges B is not controlled to be 

60 

65 

5. The apparatus of claim 1, wherein the control circuit
comprises, for each output, a power provision and measure­
ment module including: 

at least one of a controllable current source and a con­
trollable voltage source; and 

a measurement unit programmed to detect at least one 
parameter representing at least one electrical value, the 
at least one electrical value including at least one of: 
an output current from one of the outputs of the control 

circuit; 
an output voltage from one of the outputs of the control 

circuit; 
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an output power from one of the outputs of the control 

circuit; 
an operating voltage of the control circuit; and 
an operating current of the control circuit. 

6. The apparatus of claim 1, wherein the control circuit is 5 

programmed to provide to the consumer a sum of currents 
from the at least two outputs based on a specified sum 
current. 

7. The apparatus of claim 1, further comprising a tem­
perature sensor configured to measure a temperature of at 10 

least one of: 
the control circuit; 
a portion of the control circuit; 
an area proximate to the control circuit; 
the consumer; 15 

an area proximate to the consumer; 
one of the resistors; 
an area proximate to one of the resistors; and 
a coolant for one of the resistors. 
8. The apparatus of claim 1, wherein the distribution 20 

parameter is based on at least one of: 
an output current from one of the outputs of the control 

circuit; 
an output voltage from one of the outputs of the control 

circuit; 25 

an output power from one of the outputs of the control 
circuit; 

a sum of at least two output currents from respective 
outputs of the control circuit; 

a sum of at least two output powers from respective 30 

outputs of the control circuit; 
an operating voltage of the control circuit; 
a temperature of the control circuit; 
a temperature of a portion of the control circuit; 
a temperature proximate to the control circuit; 35 

a temperature of the consumer; 
a temperature of a portion of the consumer; 
a temperature proximate to the consumer; 
a temperature of one of the resistors; 
a temperature proximate to one of the resistors; 40 

a temperature for a coolant for one of the resistors 
a temporarily stored value of at least one of: 

the output current from one of the outputs of the control 
circuit; 

the output voltage from one of the outputs of the control 45 

circuit; 
the output power from one of the outputs of the control 

circuit; 
the sum of at least two output currents from respective 

outputs of the control circuit; 50 

the sum of at least two output powers from respective 
outputs of the control circuit; 

the operating voltage of the control circuit; 
the temperature of the control circuit; 
the temperature of a portion of the control circuit; 55 

the temperature proximate to the control circuit; 
the temperature of the consumer; 
the temperature of a portion of the consumer; 
the temperature proximate to the consumer; 
the temperature of one of the resistors; 60 

the temperature proximate to one of the resistors; and 
the temperature for a coolant for one of the resistors; 

a value derived from at least one of: 
the output current from one of the outputs of the control 

circuit; 65 

the output voltage from one of the outputs of the control 
circuit; 

22 
the output power from one of the outputs of the control 

circuit; 
the sum of at least two output currents from respective 

outputs of the control circuit; 
the sum of at least two output powers from respective 

outputs of the control circuit; 
the operating voltage of the control circuit; 
the temperature of the control circuit; 
the temperature of a portion of the control circuit; 
the temperature proximate to the control circuit; 
the temperature of the consumer; 
the temperature of a portion of the consumer; 
the temperature proximate to the consumer; 
the temperature of one of the resistors; 
the temperature proximate to one of the resistors; and 
the temperature for a coolant for one of the resistors; 

and 
a value derived from intermediate storage of at least one 

of; 
the output current from one of the outputs of the control 

circuit; 
the output voltage from one of the outputs of the control 

circuit; 
the output power from one of the outputs of the control 

circuit; 
the sum of at least two output currents from respective 

outputs of the control circuit; 
the sum of at least two output powers from respective 

outputs of the control circuit; 
the operating voltage of the control circuit; 
the temperature of the control circuit; 
the temperature of a portion of the control circuit; 
the temperature proximate to the control circuit; 
the temperature of the consumer; 
the temperature of a portion of the consumer; 
the temperature proximate to the consumer; 
the temperature of one of the resistors; 
the temperature proximate to one of the resistors; and 
the temperature for a coolant for one of the resistors. 

9. The apparatus of claim 1, wherein the control circuit is
programmed to determine the electrical power to supply to 
the consumer based on at least one of: 

an output current from one of the outputs of the control 
circuit; 

an output voltage from one of the outputs of the control 
circuit; 

an output power from one of the outputs of the control 
circuit; 

a sum of at least two output currents from respective 
outputs of the control circuit; 

a sum of at least two output powers from respective 
outputs of the control circuit; 

an operating voltage of the control circuit; 
a temperature of the control circuit; 
a temperature of a portion of the control circuit; 
a temperature proximate to the control circuit; 
a temperature of the consumer; 
a temperature of a portion of the consumer; 
a temperature proximate to the consumer; 
a temperature of one of the resistors; 
a temperature proximate to one of the resistors; 
a temperature for a coolant for one of the resistors 
a temporarily stored value of at least one of: 

the output current from one of the outputs of the control 
circuit; 

the output voltage from one of the outputs of the control 
circuit; 
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the output power from one of the outputs of the control 

circuit; 
the sum of at least two output currents from respective 

outputs of the control circuit; 
the sum of at least two output powers from respective 5 

outputs of the control circuit; 
the operating voltage of the control circuit; 
the temperature of the control circuit; 
the temperature of a portion of the control circuit; 
the temperature proximate to the control circuit; 10 

the temperature of the consumer; 
the temperature of a portion of the consumer; 
the temperature proximate to the consumer; 
the temperature of one of the resistors; 
the temperature proximate to one of the resistors; and 15 

the temperature for a coolant for one of the resistors; 
a value derived from at least one of: 

the output current from one of the outputs of the control 
circuit; 

the output voltage from one of the outputs of the control 20 

circuit; 
the output power from one of the outputs of the control 

circuit; 
the sum of at least two output currents from respective 

outputs of the control circuit; 25 

the sum of at least two output powers from respective 
outputs of the control circuit; 

the operating voltage of the control circuit; 
the temperature of the control circuit; 
the temperature of a portion of the control circuit; 30 

the temperature proximate to the control circuit; 
the temperature of the consumer; 
the temperature of a portion of the consumer; 
the temperature proximate to the consumer; 
the temperature of one of the resistors; 35 

the temperature proximate to one of the resistors; and 
the temperature for a coolant for one of the resistors; 

and 
a value derived from intermediate storage of at least one 

� � 
the output current from one of the outputs of the control 

circuit; 
the output voltage from one of the outputs of the control 

circuit; 
the output power from one of the outputs of the control 45 

circuit; 
the sum of at least two output currents from respective 

outputs of the control circuit; 
the sum of at least two output powers from respective 

outputs of the control circuit; 50 

the operating voltage of the control circuit; 
the temperature of the control circuit; 
the temperature of a portion of the control circuit; 
the temperature proximate to the control circuit; 
the temperature of the consumer; 55 

the temperature of a portion of the consumer; 
the temperature proximate to the consumer; 
the temperature of one of the resistors; 
the temperature proximate to one of the resistors; and 
the temperature for a coolant for one of the resistors. 60 

10. The apparatus of claim 1, further comprising at least
one component programmed to compare, to a predetermined 
range; at least one of: 

an output current from one of the outputs of the control 
circuit; 65 

an output voltage from one of the outputs of the control 
circuit; 

24 
an output power from one of the outputs of the control 

circuit; 
a sum of at least two output currents from respective 

outputs of the control circuit; 
a sum of at least two output powers from respective 

outputs of the control circuit; 
an operating voltage of the control circuit; 
a temperature of the control circuit; 
a temperature of a portion of the control circuit; 
a temperature proximate to the control circuit; 
a temperature of the consumer; 
a temperature of a portion of the consumer; 
a temperature proximate to the consumer; 
a temperature of one of the resistors; 
a temperature proximate to one of the resistors; 
a temperature for a coolant for one of the resistors 
a temporarily stored value of at least one of: 

the output current from one of the outputs of the control 
circuit; 

the output voltage from one of the outputs of the control 
circuit; 

the output power from one of the outputs of the control 
circuit; 

the sum of at least two output currents from respective 
outputs of the control circuit; 

the sum of at least two output powers from respective 
outputs of the control circuit; 

the operating voltage of the control circuit; 
the temperature of the control circuit; 
the temperature of a portion of the control circuit; 
the temperature proximate to the control circuit; 
the temperature of the consumer; 
the temperature of a portion of the consumer; 
the temperature proximate to the consumer; 
the temperature of one of the resistors; 
the temperature proximate to one of the resistors; and 
the temperature for a coolant for one of the resistors; 

a value derived from at least one of: 
the output current from one of the outputs of the control 

circuit; 
the output voltage from one of the outputs of the control 

circuit; 
the output power from one of the outputs of the control 

circuit; 
the sum of at least two output currents from respective 

outputs of the control circuit; 
the sum of at least two output powers from respective 

outputs of the control circuit; 
the operating voltage of the control circuit; 
the temperature of the control circuit; 
the temperature of a portion of the control circuit; 
the temperature proximate to the control circuit; 
the temperature of the consumer; 
the temperature of a portion of the consumer; 
the temperature proximate to the consumer; 
the temperature of one of the resistors; 
the temperature proximate to one of the resistors; and 
the temperature for a coolant for one of the resistors; 

and 
a value derived from intermediate storage of at least one 

of; 
the output current from one of the outputs of the control 

circuit; 
the output voltage from one of the outputs of the control 

circuit; 
the output power from one of the outputs of the control 

circuit; 
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the sum of at least two output currents from respective 

outputs of the control circuit; 
the sum of at least two output powers from respective 

outputs of the control circuit; 
the operating voltage of the control circuit; 
the temperature of the control circuit; 

26 
15. The apparatus of claim 1, wherein at least one resistor

is thermally decoupled from the control circuit in such a 
manner that a temperature of at least a portion of the control 
circuit does not rise by more than 80 degrees centigrade. 

16. The apparatus of claim 1, wherein at least one of the
resistors is configured to operate at a temperature greater 
than 150 degrees centigrade. the temperature of a portion of the control circuit; 

the temperature proximate to the control circuit; 
the temperature of the consumer; 
the temperature of a portion of the consumer; 
the temperature proximate to the consumer; 

17. The apparatus of claim 1, wherein the consumer
includes one of a light emitting diode, an array of light 

10 emitting diodes at least partially connected in series, and an 
array of light emitting diodes partially connected in parallel. 

the temperature of one of the resistors; 
the temperature proximate to one of the resistors; and 
the temperature for a coolant for one of the resistors. 

11. The apparatus of claim 10, at least one of the com- 15 

ponents is programmed to: 
monitor at least one of a short circuit and a connection 

in�erruption on one of the control circuit outputs; and 
provide a first signal indicating detection of a first error. 
12. The apparatus of claim 11, wherein the at least one of 20 

the components is further programmed to: 
receive, from another apparatus, an input indicating a 

second error of the other apparatus, and 
output a second signal indicating detection of the second 

error. 
13. The apparatus of claim 12, wherein the control circuit

is further programmed to: 

25 

provide an output current at one of the outputs on the 
control circuit based on an operating voltage at the 
input to the control circuit; the output current being 30 

substantially constant for a range of the operating 
voltage. 

14. The apparatus of claim 1, wherein the control circuit
is further programmed to: 

18. The apparatus of claim 1, wherein the one consumer
includes at least one of an ohmic, inductive and capacitive 
load, as found in one of electronic devices for vehicles 
electronic devices for residential application and electroni� 
devices for industrial applications. 

19. A method for an apparatus for supplying at least one
of electrical energy and electrical power for at least one 
consumer from a vehicle electrical system, the method 
comprising: 

supplying, to a consumer, by a control circuit imple­
mented as an integrated circuit and comprising an input 
configured to receive electrical energy from the vehicle 
electrical system and at least two outputs including a 
first and second output controlled by the control circuit, 
each of the at least two outputs configured to supply 
one of electrical energy and electrical power to the 
consumer, an amount of electrical power; and 

distributing the one of the electrical energy and electrical 
power provided to the consumer between the first 
output and the second output based on a distribution 
parameter, wherein the first output supplies the one of 
electrical energy and electrical power directly to a 
connecting point on the consumer and the second 
output supplies the one of electrical energy and elec­
trical power to the connecting point on the consumer 
via a resistor external to the integrated circuit and 
connected to the connecting point. 

provide a first current at the first output and a second 35 

current at the second output, such that a sum of the first 
current and the second current is based on an operating 
voltage at the input to the control circuit, wherein: 

20. The method of claim 19, further comprising at least
40 one of: 

at least one of the sum of the first current and the second 
current, and the power provided to the consumer, is 
constant in at least one range of the operating volt­
age; and 

at least one of the first output current and the second 
output current is not constant in the range of the 
operating voltage. 

receiving the distribution parameter from an external 
source, and 

determining the distribution parameter based on data 
indicating an operating state of the apparatus. 

* * * * *


