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(57)  Alighting circuit assembly, in particular for light-
ing or signaling devices of motor vehicles, comprising a
first lighting circuit and a second lighting circuit, config-
ured and/or controlled so as to perform different lighting
functions. The two lighting circuits comprise, on respec-
tive electronic printed circuit boards, respective matrices
of LED lighting sources and respective networks of re-

sistor elements configured so as to determine the driving
current of the respective matrices of LEDs.

At least some resistor elements of a first network of
resistor elements are mounted on the second electronic
board and at least some resistor elements of the second
network of resistor elements are mounted on the first
electronic board.
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Description

Field of the invention

[0001] The presentinvention relates to a LED lighting
circuit assembly, in particular for making two or more
lighting or signaling devices of motor vehicles, for exam-
ple, turn signaling devices, rear light, stop light, etc.
[0002] The invention is intended, more specifically, to
the lighting circuits of the LED type, in which the LEDs
are arranged in matrix configurations and in which the
current circulating in the LED matrix is defined by a net-
work of resistor elements, for example, resistors, also
known as "binning" resistors, since at least some of the
resistors of this network are selected according to the
electrical features of the LEDs of the matrix.

[0003] Other resistors of the network of resistor ele-
ments mainly have a function of thermal dissipation of
the power absorbed and are not necessarily linked to the
type of LEDs of the LED matrix.

Background art

[0004] Furthermore, in a circuit architecture of this
type, usually, the LED matrix, the network of resistor el-
ements and other components which contribute to per-
forming aluminous function are mounted on an electronic
printed circuit board (PCB).

[0005] Figure 1 diagrammatically shows an example
of two electronic printed circuit boards, each of which
mounting an LED matrix, a network of current setting
resistors, and an input filter. For example, the PCB1 may
be related to a stop light and the PCB2 may form a turn
signaling light.

[0006] In Figures 1 and 2 it can be further noticed that
the two LED matrices and the related resistor networks
have different configurations.

[0007] In particular, the LED matrix of PCB1 is a matrix
in which the LEDs of each row of the matrix have in com-
mon both the cathode and the anode. This type of matrix
is also known as a "pure matrix". In this case, the resistor
network, for example also in the form of a matrix in which
the resistors of each row have both terminals in common,
is connected to the common cathode of the LEDs of the
last row of the matrix.

[0008] The LED matrix of the PCB2 is formed by LED
strings, in each of which the LEDs are in series with one
another and only the cathodes of the first LEDs of each
string are in common. In this second configuration, the
network of resistor elements is comprised ofindependent
matrices of resistors, each matrix being connected in se-
ries to a respective LED string.

[0009] As itis known, even against significant and nu-
merous advantages with respect to conventional lighting
sources, LED sources are affected by a significant de-
cline in performance when the temperature increases.
[0010] In fact, one of the design requirements of LED
lighting devices is thermal dissipation. However, such a
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requirement often clashes with the miniaturization needs
of LED devices.

[0011] For example, in the case of automotive lamps,
the trend is to produce electronic printed circuit boards
which are ever smaller and/or with particular shapes, dic-
tated by the aesthetic appearance of the headlight.

Summary of the invention

[0012] It is the object of the present invention to pro-
pose a lighting circuit assembly, in particular for lighting
or signaling devices of motor vehicles, capable of atleast
partially obviating the problem of performance deteriora-
tion of LED lighting sources caused by temperature.
[0013] It is another object of the invention to devise a
way to create a lighting circuit assembly which allows to
overcome the aforementioned issue, and, at the same
time, which is optimized in terms of electrical connections
between the circuits of the proposed assembly.

[0014] Such objects are achieved by means of a light-
ing circuit assembly in accordance with claim 1 and by
means of an automotive lamp according to claim 9. The
dependent claims describe preferred or advantageous
embodiments of the invention.

[0015] In accordance with a general embodiment, the
issue underlying the present invention is solved by
means of a lighting circuit assembly, in particular for light-
ing or signaling devices of motor vehicles, comprising a
first lighting circuit and a second lighting circuit, which
are configured and/or controlled so as to perform different
lighting functions.

[0016] The first lighting circuit comprises a first matrix
of LED lighting sources and a first network of resistor
elements connected to the first matrix of LED lighting
sources and configured so as to determine the driving
current of the first matrix of LED lighting sources or more
driving currents of respective groups of LED lighting
sources of the first matrix of LED lighting sources.
[0017] The second lighting circuit comprises a second
matrix of LED lighting sources and a second network of
resistor elements connected to the second matrix of LED
lighting sources and configured so as to determine the
driving current of the second matrix of LED lighting sourc-
es or more driving currents of respective groups of LED
lighting sources of the second matrix of LED lighting
sources.

[0018] The first matrix of LED lighting sources is
mounted on a first electronic printed circuit board, the
second matrix of LED lighting sources is mounted on a
second electronic printed circuit board.

[0019] At least some resistor elements of the first net-
work of resistor elements are mounted on the second
electronic board and at least some resistor elements of
the second network of resistor elements are mounted on
the first electronic board.
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Brief description of the drawings

[0020] The features and advantages of the lighting cir-
cuit assembly and of the automotive lamp according to
the invention will in any case become apparent from the
following description of preferred embodiments thereof,
given only by way of non-limiting, indicative example, with
reference to the accompanying drawings, in which:

- Figure 1 shows a diagrammatic representation of
two electronic printed circuit boards which imple-
ment two respective different lighting circuits, ac-
cording to the prior art;

- Figure 2 shows the electronic boards of Figure 1,
in which the resistor networks connected to the LED
matrices have been exemplified;

- Figure 3 shows a diagrammatic representation of
one of the two lighting circuits of the previous figures
which is distributed on both electronic printed circuit
boards;

- Figure 4 shows a diagrammatic representation of
the other lighting circuit which is distributed on both
electronic printed circuit boards;

Figure 5 shows a diagrammatic representation of an
example of a lighting circuit assembly according to
the invention;

Figure 6 shows the two electronic boards connected
to an electronic control unit; and

Figure 7 shows an example of an automotive lamp
comprising a lighting circuit assembly according to
the invention.

Detailed description

[0021] The presentinventionfinds applicationinalight-
ing assembly comprising two or more electronic printed
circuit boards ("PCBs") which implement respective LED
lighting circuits, in which the current flowing in the LEDs
is determined by a network of resistors. The LED lighting
circuits are configured and/or controlled to perform dif-
ferent lighting functions.

[0022] In case of automotive lamps, for example, the
lighting circuits can perform vehicle lighting and/or sign-
aling functions, in particular selected among: turn func-
tion, stop function, positioning function, fog light function,
reverse function, and the like, in which the automotive
lamps can be installed in the body, or even in the trunk
door or rear window of the vehicle.

[0023] The presentinvention is based on the observa-
tion that, in these situations, the lighting functions are
almost never simultaneously active and consequently
the LEDs of the different lighting circuits are almost never
simultaneously powered.

[0024] As anticipated above, the invention is intended,
specifically, to the lighting circuits of the LED type, in
which the LEDs are arranged in matrix configurations
and in which the current circulating in the LED matrix is
defined by a network of resistor elements, for example,
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resistors, also known as "binning" resistors.

[0025] Infact, at least some of the resistors of this net-
work are selected according to the electrical features of
the LEDs of the matrix.

[0026] Other resistors of the network of resistor ele-
ments mainly have a function of thermal dissipation of
the power absorbed and are not necessarily linked to the
type of LEDs of the LED matrix.

[0027] A conventional LED lighting circuit assembly,
for example, for an automotive lamp, is shown in Figures
1 and 2.

[0028] Figure 1 diagrammatically shows two electronic
printed circuit boards (PCB1, PCB2), each of which
mounting a LED matrix (M1, M2), a network of current
setting resistors (R1, R2), and an input filter (F), for ex-
ample, an electromagnetic interference suppression fil-
ter, or a reverse polarity protection filter. For example,
the PCB1 may be related to a stop light and the PCB2
may form a turn signaling light.

[0029] In Figures 1 and 2 it can also be noticed that
the two LED matrices (M1, M2) and the relative resistor
networks (R1, R2) have different configurations.

[0030] In particular, the LED matrix (M1) of the elec-
tronic board PCB1 is a matrix in which the LEDs of each
row of the matrix have in common both the cathode and
the anode. This type of matrix is also known as a "pure
matrix".

[0031] In this case, the resistor network (R1), for ex-
ample also in the form of a matrix in which the resistors
of each row have both terminals in common, is connected
to the common cathode of the LEDs of the last row of the
matrix.

[0032] The LED matrix (M2) of the electronic board
PCB2 is formed by LED strings (M24, M2,, M23), in each
of which the LEDs are in series with one another and
only the cathodes of the first LEDs of each string are in
common. In this second configuration, the network of re-
sistor elements (R2) is comprised of independent matri-
ces of resistors, each matrix being connected in series
to a respective LED string.

[0033] A lighting circuit assembly 1 according to the
invention will now be described.

[0034] Inageneralembodiment, the lighting circuit as-
sembly 1 comprises at least one first lighting circuit 10
and a second lighting circuit 20.

[0035] The first lighting circuit 10 and the second light-
ing circuit 20 are configured and/or controlled so as to
perform different lighting functions.

[0036] The first lighting circuit 10 comprises a first ma-
trix of LED lighting sources 12 and a first network of re-
sistor elements 14 connected to the first matrix of LED
lighting sources 12.

[0037] The first network of resistor elements 14 is con-
figured so as to determine the driving current of the first
matrix of LED lighting sources 12 or more driving currents
of respective groups of LED lighting sources of the first
matrix of LED lighting sources 12.

[0038] The second lighting circuit 20 comprises a sec-
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ond matrix of LED lighting sources 22 and a second net-
work of resistor elements 24 connected to the second
matrix of LED lighting sources 22.

[0039] The second network of resistor elements 24 is
configured so as to determine the driving current of the
second matrix of LED lighting sources 22 or more driving
currents of respective groups of LED lighting sources of
the second matrix of LED lighting sources 22.

[0040] The first matrix of LED lighting sources 12 is
mounted on a first electronic printed circuit board PCB1.
[0041] The second matrix of LED lighting sources 22
is mounted on a second electronic printed circuit board
PCB2.

[0042] In accordance with an aspect of the invention,
at least some resistor elements 14A of the first network
of resistor elements 14 are mounted on the second elec-
tronic board PCB2 and at least some resistor elements
24A of the second network of resistor elements 24 are
mounted on the first electronic board PCB2.

[0043] Therefore, at least one part of the thermal dis-
sipation of each circuit is realized on the electronic board
on which another circuit is implemented, exploiting the
fact that the LED lighting sources of the different circuits
will never or almost never be powered simultaneously.
[0044] In other words, at least some of the resistor el-
ements which are dissipating power are mounted on an
electronic board different from that of the respective LED
lighting sources and, in particular, on an electronic board
whose lighting sources are most likely off.

[0045] The LED lighting sources which are powered
are therefore not affected by the heating produced by the
power dissipating elements, since they are placed on an-
other board; the power dissipating elements do not affect
the performance of the lighting sources of the board on
which they are mounted, since such lighting sources are
off.

[0046] Since, in a typical embodiment, each network
of resistor elements 14, 24 comprises binning resistors
14B, 24B, selected according to the electrical features
of the LED lighting sources, and dissipation resistor ele-
ments 14A, 24A suitable to dissipate the power absorbed
by the respective lighting circuit, at least the dissipation
resistor elements 14A, 24A of the first and second net-
work of resistor elements 14, 24 are mounted on the sec-
ond (PCB2) and first (PCB1) electronic printed circuit
board, respectively.

[0047] In some embodiments, also the binning resis-
tors 14B, 24B of a lighting circuit 10; 20 can be mounted
on the electronic board of the other lighting circuit 10; 20.
[0048] However, when the mounting of the electronic
components is carried out automatically, for example, by
means of "pick and place" machines, the machine which
is making a lighting circuit on an electronic board is ca-
pable of selecting the binning resistors on the basis of a
detection of the type of lighting sources positioned or to
be positioned on that board. In these cases, therefore, it
is preferable to maximize the assembly speed of the
board, and the binning resistors are mounted on the same
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board as the lighting sources to which they are connect-
ed.

[0049] Inaccordance with another aspect of the inven-
tion, theresistor elements 14A, 24A connected to a matrix
of LED lighting sources 12, 22, and mounted on the PCB
of the other matrix of LED lighting sources, are connected
upstream or downstream of the respective matrix 12, 22
according to the configuration of such matrix.

[0050] The choice of the upstream or downstream con-
nection with respect to the matrix allows to reduce the
number of electrical connections 16, 26, or of cables,
between the two electronic boards PCB1, PCB2.
[0051] Figures 2-5 show two lighting circuits 10, 20
whose LED matrices 12, 22 have a different configura-
tion, on the basis of which the connection between the
LED matrix and the network of resistors is determined.
[0052] ThefirstLED matrix 12is formed by two or more
rows of LEDs 12a, 12b, 12c, in which the LEDs of each
row have the anodes in common with one another and
the cathodes in common with one another ("pure" matrix).
In this case, to reduce the number of connections be-
tween the two electronic boards PCB1, PCB2, the resis-
tor elements 14A mounted on the PCB of the other LED
matrix are connected downstream of the respective ma-
trix 12.

[0053] The second LED matrix 22 of PCB2 is formed
by two or more columns or strings of LEDs 22a, 22b, 22c,
in which the LEDs of each column or string are connected
in series with one another. In this case, the resistor ele-
ments 24A mounted on the PCB of the other LED matrix
(PCB1) are connected upstream of the respective LED
matrix 22.

[0054] Figure 5 showsthetwo electronic boards PCB1,
PCB2 on which the two lighting circuits 10, 20, connected
as described above, are assembled.

[0055] Inthe example shown, the first resistor network
14 is comprised of a matrix of resistors arranged in 4
rows and 4 columns. The first row 14B is formed by bin-
ning resistors 142 and is placed on the first electronic
board PCB1; the other three rows, which form the net-
work portion of dissipation resistors 14A, are formed by
dissipation resistors 144 and are therefore placed on the
second electronic board PCB2.

[0056] The second network of resistors 24, as also
shown in Figure 2, is comprised of three 2X3 matrices of
resistors, each matrix connected to a respective string
of LEDs 22a, 22b, 22c. The first 2x1 row of each matrix
is formed by binning resistors 242 and is maintained on
the second electronic board PCB2, downstream of the
second LED matrix 22. The other two rows, which form
the network portion of dissipation resistors 24A, are
formed by dissipation resistors 244 and are therefore
placed on the first electronic board PCB1, connected up-
stream of the second LED matrix 22.

[0057] It should be noted that the portion of resistor
network of a lighting circuit which is moved to the elec-
tronic board of another lighting circuit, can exploit the
ground terminal already present on the other electronic
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board.

[0058] Each lighting circuit can be provided with an in-
put filter F, for example, an electromagnetic interference
suppression filter, or a reverse polarity protection filter.
[0059] In one embodiment, as shown in Figure 6, the
lighting circuit assembly 1 comprises an electronic con-
trol unit 30 ("ECU") programmed to control the first and
second lighting circuits 10, 20 so that the firstand second
lighting circuits 10, 20 perform differentlighting functions.
[0060] Forexample,thefirstlighting circuitandthe sec-
ond lighting circuit are configured and/or controlled so as
to perform respective lighting and/or signaling functions,
in particular selected among: turn indicator function, stop
function, positioning function, fog light function, reverse
function, and the like.

[0061] It is the object of the present invention also an
automotive lamp 50, in particular, but not necessarily,
located in the rear part of the vehicle, comprising a light-
ing circuit assembly 1 according to the invention, as de-
scribed above.

[0062] Those skilled in the art may make changes and
adaptations to the embodiments of the lighting circuit as-
sembly and the automotive light according to the inven-
tion or can replace elements with others which are func-
tionally equivalentin orderto meet contingent needs with-
out departing from the scope of the following claims.
[0063] For example, the number of LEDs or resistors
can vary depending on the type and on the current set
on the LEDs and therefore on the basis of the power to
be dissipated.

[0064] Allofthe features described above as belonging
to one possible embodiment can be implemented inde-
pendently of the other described embodiments.

Claims

1. A lighting circuit assembly, in particular for lighting
or signaling devices of motor vehicles, comprising:

- afirst lighting circuit; and
- a second lighting circuit,

in which said first lighting circuit and second lighting
circuit are configured and/or controlled so as to per-
form different lighting functions, and in which:

- the first lighting circuit comprises a first matrix
of LED lighting sources and a first network of
resistor elements connected to the first matrix
of LED lighting sources and configured so as to
determine the driving current of the first matrix
of LED lighting sources or more driving currents
of respective groups of LED lighting sources of
the first matrix of LED lighting sources,

- the second lighting circuit comprises a second
matrix of LED lighting sources and a second net-
work of resistor elements connected to the sec-
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ond matrix of LED lighting sources and config-
ured so as to determine the driving current of
the second matrix of LED lighting sources or
more driving currents of respective groups of
LED lighting sources of the second matrix of
LED lighting sources,

in which the first matrix of LED lighting sources is
mounted on a first electronic printed circuit board,
the second matrix of LED lighting sources is mounted
on a second electronic printed circuit board,

the assembly being characterized in that at least
some resistor elements of the first network of resistor
elements are mounted on the second electronic
board and atleast some resistor elements of the sec-
ond network of resistor elements are mounted on
the first electronic board.

An assembly according to claim 1, wherein each net-
work of resistor elements comprises binning resis-
tors selected according to the electrical features of
the LED lighting sources and dissipation resistor el-
ements suitable to dissipate the power absorbed by
the respective lighting circuit, at least the dissipation
resistor elements of the first and second network of
resistor elements being mounted on the second and
first PCB, respectively.

An assembly according to claim 1 or 2, wherein the
resistor elements connected to a matrix of LED light-
ing sources and mounted on the PCB of the other
matrix of LED lighting sources, are connected up-
stream or downstream of the respective matrix ac-
cording to the configuration of said matrix.

An assembly according to claim 3, wherein, if the
matrix is formed by two or more rows of LEDs, in
which the LEDs of each row have the anodes in com-
mon with one another and the cathodes in common
with one another, the resistor elements mounted on
the PCB of the other LED matrix are connected up-
stream of the respective matrix.

An assembly according to claim 3 or 4, wherein, if
the matrix is formed by two or more columns or
strings of LEDs, in which the LEDs of each column
or string are connected in series with one another,
the resistor elements mounted on the PCB of the
other matrix of LEDs are connected downstream of
the respective matrix of LEDs.

An assembly according to any one of the preceding
claims, comprising an electronic control unit pro-
grammed to control the first and second lighting cir-
cuits so that the first and second lighting circuits per-
form different lighting functions.

An assembly according to any one of the preceding
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claims, in which the first lighting circuit and the sec-
ond lighting circuit are configured and/or controlled
so as to perform respective lighting and/or signaling
functions selected among: turn indicator function,
stop function, positioning function, fog light function,
reverse function.

An assembly according to any one of the preceding
claims, wherein each lighting circuit comprises an
input filter circuit.

An automotive lamp, comprising an assembly of
lighting circuits according to any one of the preceding
claims.
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