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Description

FIELD OF THE TECHNOLOGY

[0001] The presenttechnology relates to an LED light-
ing system. More particularly, the technology relates to
systems and methods for providing an LED lighting sys-
tem lens heater.

BACKGROUND

[0002] Most vehicles include some form of a vehicle
headlamp and tail lamp, and other lighting systems.
Lighting systems that use incandescent or HID bulbs, for
example, generate sufficient radiation, particularly in the
non-visible spectrum, so that in colder conditions, mois-
ture in the form of condensation, rain, sleet, or snow does
not form ice on the lighting system, which would reduce
optical transmission of the lighting system lens. Some
lights that use LEDs for illumination do not generate suf-
ficient radiation to melt snow and ice from the lighting
system lens.

[0003] Therefore, what is needed are improved sys-
tems and methods that sufficiently heat a lighting system
lens to melt snow and ice to avoid reducing optical trans-
mission of the lighting system lens.

BRIEF SUMMARY OF THE TECHNOLOGY

[0004] The present technology provides lighting sys-
tem lens heating systems and methods.

[0005] In one form, the technology provides a system
for heating a lens of a LED lighting system.

[0006] In another form, the technology provides a
method of heating a LED lighting system.

[0007] Inaccordance with one embodiment of the tech-
nology, a system for heating the lens of a lighting system
is disclosed. The system comprises a substantially clear
thermoplastic substrate; and a conductive ink or film cir-
cuit on the thermoplastic substrate.

[0008] In some embodiments, the heating system fur-
ther includes a lens heater circuit, with a lens heater con-
troller operatively coupled to the lens heater circuit.
[0009] In some embodiments, the conductive ink cir-
cuit is screen printed on the thermoplastic substrate.
[0010] In some embodiments, the conductive ink cir-
cuit is a conductive silver trace.

[0011] In some embodiments, the conductive film cir-
cuit is a conductive silver trace.

[0012] In some embodiments, a heating output of the
conductive ink circuit is regulated based upon the tem-
perature of the conductive ink circuit utilizing a positive
temperature coefficient (PTC) ink trace.

[0013] In some embodiments, the heating system fur-
ther includes a dielectric top coating on the conductive
ink circuit.

[0014] In some embodiments, the conductive ink cir-
cuit has a resistance in the range of about 5 ohms to
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about 300 ohms.

[0015] In some embodiments, the conductive ink cir-
cuit includes traces that are generally equal length.
[0016] In some embodiments, the traces are connect-
ed with a busbar on a non-power connect side.

[0017] In some embodiments, the traces have a width
in the range of about 0.05mm to about 1.0mm.

[0018] In some embodiments, the conductive ink cir-
cuit produces about 1 W/(2,54cm)*2 (=1 W/in"2).
[0019] In some embodiments, the conductive ink cir-
cuit is a substantially transparent ink.

[0020] In some embodiments, the lens heater control-
lerregulates the conductive ink circuit voltage to increase
ordecrease the power being dissipated by the conductive
ink circuit.

[0021] In some embodiments, the heating system fur-
ther includes a lighting system lens, wherein the conduc-
tive ink circuit remains exposed on the inside of the light-
ing system lens.

[0022] In accordance with another embodiment of the
technology, an LED lighting system assembly having a
heated lens is disclosed. The assembly comprises a
housing, the housing including a base and a lens, the
lens having a interior lens side and an exterior lens side;
at least one LED positioned within the base to provide
illumination through the lens; a lens heater controller; a
lens heater circuit operatively coupled to the lens heater
controller; a substantially clear thermoplastic substrate
positioned on the interior lens side; and a conductive ink
or film circuit on the thermoplastic substrate operatively
coupled to the lens heater circuit.

[0023] In some embodiments, the conductive ink on
the thermoplastic substrate is placed into a pocket on a
core of an injection molding tool with the conductive ink
side againstthe core, and the conductive ink side remains
exposed on a final lighting system lens part.

[0024] In some embodiments, the conductive ink on
the thermoplastic substrate is placed against a cavity side
of an injection molding tool, with the conductive ink side
encapsulated between the thermoplastic substrate and
a final lighting system lens part.

[0025] In some embodiments, a thermoplastic resin
then over molds the thermoplastic substrate, bonding on-
ly to the non-printed side of the thermoplastic substrate.
[0026] In some embodiments, the injection molding
tool uses vacuum to recess and hold the thermoplastic
substrate in the core.

[0027] Insome embodiments, greater than 90 percent
transmission rate in terms of both lumens and intensity
is achieved.

[0028] In accordance with another embodiment of the
technology, a method for heating a lens of a lighting sys-
temis disclosed. The method can include applying a con-
ductive ink or film circuit on a substantially clear thermo-
plastic substrate; applying the conductive ink or film cir-
cuit on the substantially clear thermoplastic substrate to
at least one of an interior lens side and an exterior lens
side; and applying a controlled power to the conductive
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ink or film circuit to heat the lens.

[0029] In some embodiments, the method further in-
cludes applying a PTC trace near the conductive ink or
film circuit; sensing the resistance of the PTC trace; and
controlling the power to the conductive ink or film circuit
based on the sensed resistance of the PTC trace.
[0030] In accordance with another embodiment of the
technology, a lens heating system is disclosed. The lens
heating system can include a substantially clear thermo-
plastic substrate, and a conductive ink or film circuit, po-
sitioned on the thermoplastic substrate to heat the ther-
moplastic substrate. The lens heating system can further
include a lens heater circuit including a lens heater and
operatively coupled to a lens heater controller. The con-
troller can be configured to determine a temperature as-
sociated with an outer lens surface, and activate the lens
heater in response to a determination that the tempera-
ture is less than or equal to a threshold temperature. The
lens heating system can further include a spring connec-
tor including a plurality of pins, the pins configured to
couple to the conductive ink or film circuit, and the pins
further configured to provide an electrical connection be-
tween the pins and the conductive ink or film circuit.
[0031] In some embodiments, the controller can be
coupled to a thermistor, the thermistor configured to de-
termine the temperature associated with the outer lens
surface.

[0032] In some embodiments, the thermistor can be a
negative temperature coefficient (NTC) thermistor.
[0033] In some embodiments, the spring connectors
can be positioned at least partially within a lens coupled
to the substantially clear thermoplastic substrate.
[0034] In some embodiments, the lens heater circuit
can include a circuit board, the spring connector being
surface-mounted to the circuit board.

[0035] In some embodiments, the system can further
include a second spring connector coupled to a second
busbar of the conductive ink or film circuit, the spring
connector coupled to a first busbar of the conductive ink
or film circuit.

[0036] In accordance with another embodiment of the
technology, a method for heating a lens of a lighting sys-
tem is disclosed. The method can include applying a con-
ductive ink or film circuit on a substantially clear thermo-
plastic substrate, and applying the conductive ink or film
circuit on the substantially clear thermoplastic substrate
to atleast one of an interior lens side and an exterior lens
side. The method can further include positioning a spring
connector having a plurality of pins against the conduc-
tive ink or film circuit, and establishing an electrical con-
nection between the pins and the conductive ink or film
circuit, and applying a controlled power to the conductive
ink or film circuit to heat the lens.

[0037] In some embodiments, the positioning can in-
clude moving the spring connector towards the conduc-
tive ink or film circuit until the pins have flexed a prede-
termined amount corresponding to establishing the elec-
trical connection.
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[0038] In some embodiments, the method can further
include receiving a value from a wireless module and
supplying power to the conductive ink or film circuit based
on the value.

[0039] In some embodiments, the method can further
include receiving a value from a speed sensor, determin-
ing the speed value is above a predetermined threshold,
and supplying, in response to determining the speed val-
ue is below the predetermined threshold, a predeter-
mined amount of power to the conductive ink or film cir-
cuit.

[0040] In some embodiments, the method can further
include receiving a value from an optical sensor, deter-
mining the optical value is below a predetermined thresh-
old; and supplying, in response to determining the optical
value is below the predetermined threshold, a predeter-
mined amount of power to the conductive ink or film cir-
cuit.

[0041] In some embodiments, the method can further
include positioning the spring connector at least partially
within the lens coupled to the substantially clear thermo-
plastic substrate.

[0042] In accordance with another embodiment of the
technology, a heated lighting system is provided. The
system can include a substantially clear thermoplastic
substrate, a conductive ink or film circuit, positioned on
the thermoplastic substrate to heat the thermoplastic
substrate, a lens in contact with the thermoplastic sub-
strate, and an interconnect assembly including a plurality
of spring connectors. The spring connectors can be po-
sitioned in contact with the conductive ink or film circuit,
and the interconnect assembly can be positioned at least
partially within the lens.

[0043] Insomeembodiments, the interconnectassem-
bly can be configured to supply power to the conductive
ink or film circuit.

[0044] In some embodiments, the lens can be bonded
to at least a portion of the interconnect assembly and at
least a portion of the thermoplastic substrate.

[0045] Insomeembodiments,the conductiveinkorfilm
circuit can be positioned on an exterior surface of the
lens.

[0046] In some embodiments, the lens can be con-
structed from a thermoplastic polymer.

[0047] In accordance with another embodiment of the
technology, a method for manufacturing a heated lighting
system is disclosed. The method can include applying a
conductive ink or film circuit on a substantially clear ther-
moplastic substrate, positioning the thermoplastic sub-
strate in a cavity of an injection molding tool, and posi-
tioning an interconnect assembly in a pocket of a core of
the injection molding tool. The method can furtherinclude
positioning the interconnect assembly against the ther-
moplastic substrate to establish an electrical connection
between the interconnect assembly and the thermoplas-
tic substrate, and injecting a resin into the injection mold-
ing tool. The interconnect assembly can be configured
to supply power to the conductive ink or film circuit via
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the electrical connection.

[0048] Insomeembodiments, the interconnectassem-
bly can include a plurality of pins and the positioning of
the interconnect assembly against the thermoplastic sub-
strate can include flexing the plurality of pins against the
conductive ink or film circuit.

[0049] In some embodiments, injecting the resin into
the injection molding tool can include overmolding at
least a portion of the interconnect assembly and at least
a portion of the conductive ink or film circuit.

[0050] In some embodiments, positioning the thermo-
plastic substrate in the cavity can include positioning the
conductive ink or film circuit to face away from the cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] Theinvention will be better understood and fea-
tures, aspects and advantages other than those set forth
above will become apparent when consideration is given
to the following detailed description thereof. Such de-
tailed description makes reference to the following draw-
ings.

Fig. 1 is a perspective view of a lighting system with
a lens heater in accordance with embodiments of
the present invention;

Fig. 2 is a perspective view of the lighting system of
Fig. 1, with the lens removed;

Fig. 3 is a perspective view of a portion of a lens
heater assembly in accordance with embodiments
of the present invention;

Fig. 4 is a schematic of a conductive ink or film circuit
that can be used as a heating elementin accordance
with embodiments of the present invention;

Fig. 5 is a schematic of the conductive ink or film of
Fig. 4, and attached to a lens of a light;

Fig. 6 is a table showing resistance repeatability data
for various configurations;

Fig. 7 is a view showing a thermal image of a lighting
system with the lens heater assembly energized, in
accordance with embodiments of the presentinven-
tion;

Fig. 8 is a view showing a thermal image of just the
lens of a lighting system with the lens heater assem-
bly energized, in accordance with embodiments of
the present invention;

Fig. 9 is a perspective view of a lighting system with
approximately 2 mm of ice buildup;

Fig. 10 is a perspective view of the lighting system
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of Fig. 9 with the lens heater circuit energized and
with the ice substantially clear from the optical area;

Fig. 11 is a view showing an alternative embodiment
having a lens heater circuit made up of traces with
generally unequal trace lengths;

Fig. 12is a view showing an alternative embodiment
having a lens heater circuit made up of traces with
generally equal trace lengths;

Fig. 13 is a graph showing a key characteristic of
PTC inks;

Fig. 14 is a schematic view showing an embodiment
of a lens heater assembly layout (without the lens
heater circuit) and with the PTC trace for temperature
sensing;

Fig. 15 is an enlarged view of a portion of Fig. 14
showing the PTC trace;

Fig. 16 is a schematic view showing a positioning of
the ink and screen printed substrate in an injection
molding tool to produce a lighting system lens with
a lens heater in accordance with embodiments of
the present invention;

Fig. 17 is an enlarged view of a portion of Fig. 16;

Fig. 18 is a schematic view showing an alternative
positioning of the ink and screen printed substrate
in an injection molding tool to produce a lighting sys-
tem lens with a lens heater in accordance with em-
bodiments of the present invention;

Fig. 19 is an enlarged view of a portion of Fig. 18;

Fig. 20 is a table showing the optical impact of the
lens heater traces on low beam illumination and hi
beam illumination; and

Fig. 21 is an exploded perspective view of an alter-
native embodiment of a lighting system with a lens
heater in accordance with embodiments of the
present invention.

Fig. 22 is a perspective view of an alternative em-
bodiment of a lighting system.

Fig. 23 is afront view of the lighting system of Fig. 22.

Fig. 24 is an exploded view of the lighting system of
Fig. 22.

Fig. 25 is an exploded view of a lens, an interconnect
assembly and a thermoplastic substrate of the light-
ing system of Fig. 22.
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Fig. 26 is a perspective view the interconnect as-
sembly of Fig. 22.

Fig. 27 is another perspective view the interconnect
assembly of Fig. 22.

Fig. 28 is an exploded view of the interconnect as-
sembly and the thermoplastic substrate of the light-
ing system of Fig. 22.

Fig. 29 is another view of the interconnect assembly
and the thermoplastic substrate isolated from other
components of the lighting system of Fig. 22.

Fig. 30 is a cross sectional view of the lens, the in-
terconnect assembly and the thermoplastic sub-
strate of the lighting system of Fig. 22.

Fig. 31 shows an example process for manufacturing
alens bonded to at least a portion of a thermoplastic
substrate and an interconnect assembly, according
to some embodiments.

Fig. 32 shows a circuit diagram of a driver circuit and
a heater circuit, according to some embodiments.

Fig. 33 shows an exemplary box diagram for an ex-
emplary heater control system of a lighting system,

according to some embodiments.

Fig. 34 is a perspective view of an alternative em-
bodiment of a lighting system.

Fig. 35is afrontview of the lighting system of Fig. 34.

Fig. 36 is a perspective view of an alternative em-
bodiment of a lighting system.

Fig. 37 is an exploded view of the lighting system of
Fig. 36.

Fig. 38 is afront view of the lighting system of Fig. 36.
Fig. 39 is a view of an interconnect assembly, a lens,
and a thermoplastic substrate of the lighting system

of Fig. 36.

Fig. 40 is a perspective view of an alternative em-
bodiment of a lighting system.

Fig. 41is afrontview of the lighting system of Fig. 40.
Fig. 42 is a view of an interconnect assembly, a lens,
and a thermoplastic substrate of the lighting system

of Fig. 40.

Fig. 43 is a view of an interconnect assembly, a lens,
and a thermoplastic substrate of the lighting system

10

15

20

25

30

35

40

45

50

55

of Fig. 40.

Fig. 44 is a view of the interconnect assembly and
the thermoplastic substrate of the lighting system of
Fig. 40.

Fig. 45 is another view of the interconnect assembly
and the thermoplastic substrate of the lighting sys-
tem of Fig. 40.

Fig. 46 is yet another view of the interconnect as-
sembly and the thermoplastic substrate of the light-
ing system of Fig. 40.

Fig. 47 is a perspective view of an alternative em-
bodiment of a lighting system.

Fig. 48 is a front view of the lighting system of Fig. 47.

[0052] Skilled artisans will appreciate that elements in
the figures are illustrated for simplicity and clarity and
have not necessarily been drawn to scale. For example,
the dimensions and/or relative positioning of some of the
elements in the figures may be exaggerated relative to
other elements to help to improve understanding of var-
ious embodiments of the present invention. Also, com-
mon but well-understood elements that are useful or nec-
essary in a commercially feasible embodiment are often
not depicted in order to facilitate a less obstructed view
of these various embodiments. It will further be appreci-
ated that certain actions and/or steps may be described
or depicted in a particular order of occurrence while those
skilled in the art will understand that such specificity with
respect to sequence is not actually required. It will also
be understood that the terms and expressions used here-
in have the ordinary technical meaning as is accorded to
such terms and expressions by persons skilled in the
technical field as set forth above, except where different
specific meanings have otherwise been set forth herein.

DETAILED DESCRIPTION OF THE TECHNOLOGY

[0053] Before any embodiments of the invention are
explainedin detail, itis to be understood that the invention
is notlimited inits application to the details of construction
and the arrangement of components set forth in the fol-
lowing description orillustrated in the following drawings.
The invention is capable of other embodiments and of
being practiced or of being carried out in various ways.
Also, it is to be understood that the use the phraseology
and terminology used herein is for the purpose of de-
scription and should not be regarded as limiting. Further-
more, the use of "right", "left", "front", "back", "upper”,
"lower", "above", "below", "top", or "bottom" and varia-
tions thereof herein is for the purpose of description and
should notbe regarded as limiting. The use of "including,"
"comprising," or "having" and variations thereof herein is
meant to encompass the items listed thereafter and
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equivalents thereof as well as additional items. Unless
specified or limited otherwise, the terms "mounted," "con-
nected," "supported,” and "coupled" and variations there-
of are used broadly and encompass both direct and in-
direct mountings, connections, supports, and couplings.
Further, "connected" and "coupled" are not restricted to
physical or mechanical connections or couplings.
[0054] The following discussion is presented to enable
a person skilled in the art to make and use embodiments
of the invention. Various modifications to the illustrated
embodiments will be readily apparent to those skilled in
the art, and the generic principles herein can be applied
to other embodiments and applications without departing
from embodiments of the invention. Thus, embodiments
of the invention are not intended to be limited to embod-
iments shown, but are to be accorded the widest scope
consistent with the principles and features disclosed
herein. The following detailed description is to be read
with reference to the figures, in which like elements in
different figures have like reference numerals. The fig-
ures, which are not necessarily to scale, depict selected
embodiments and are not intended to limit the scope of
embodiments of the invention. Skilled artisans will rec-
ognize the examples provided herein have many useful
alternatives and fall within the scope of embodiments of
the invention.

[0055] A high optical transmission lens heater is need-
ed to prevent icing of certain LED lighting systems. Re-
ferring to Figs. 1 and 2, in some embodiments, an over
molded screen printed conductive circuit can be used as
the heating element for a lighting system 20. The lighting
system 20 can include a housing 24, with the housing
including a base 28 and a lens 32. The lens 32 has an
interior lens side 36 and an exterior lens side 40. At least
one LED 44 can be positioned within the base 28 to pro-
vide illumination through the lens 32. A lens heater as-
sembly 70 can include a lens heater controller 48, with
a lens heater circuit 52 operatively coupled to the lens
heater controller 48. In some embodiments, a substan-
tially clear thermoplastic substrate 60 can be positioned
on the interior lens side 36 of the lens, and a conductive
ink or film circuit 66 can be positioned on the thermoplas-
tic substrate 66 and can be operatively coupled to the
lens heater circuit 52. In some embodiments, a reflector
68 can be included to guide illumination from the one or
more LEDs 44.

[0056] Insome embodiments, the heating output of the
heating element can be regulated based upon the tem-
perature of the heating element traces utilizing a positive
temperature coefficient (PTC) ink trace.

[0057] Fig. 3 shows an embodiment of the lens heater
circuit 52. The lens heater circuit 52 can be coupled to
the lens 32, or can be positioned within the base 28.
When the lens heater circuit is coupled to the lens 32, as
shown in Fig. 3, power wires 56 (see Fig. 2) can extend
from the base and couple to a connector 54 on the lens
heater circuit. In some embodiments, a conductive ele-
ment 58 can be used to provide power from the lens
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heater circuit 52 to the conductive ink circuit 66. The con-
ductive element can be a spring or a wire, for example.
[0058] Figs. 4 and 5 show embodiments of a conduc-
tive ink or film circuit 66 that can be used as the heating
element. It is to be appreciated that the terms ink and
film are used interchangeably herein. In some embodi-
ments, the conductive film 66 is a conductive silver trace.
It is to be appreciated that other resistive elements can
be used for the conductive film. Fig. 4 shows the conduc-
tive silver traces that have been screen printed on the
clear substrate films 60. In some embodiments the sub-
strate 60 can be a thermoplastic polymer. In some em-
bodiments, the substrate 60 can be a polycarbonate sub-
strate. Again, other substrate materials can be used. Fig.
5 shows the conductive film 66 on the substrate 60 pre-
liminarily attached to the lighting system lens 32 for test-
ing. The substrate 60 could be any clear or substantially
clear substrate film. Opaque substrate can also be used.
[0059] Anembodiment of the lens heater assembly 70
was tested using multiple types of inks with and without
adielectric top coating. The lens heater assembly 70 was
also tested on multiple substrate thicknesses. Fig. 6
shows resistance repeatability data for the various con-
figurations. In some embodiments, the lens heater circuit
52 can have a resistance in the range of about 5 ohms
to about 300 ohms, depending upon the application.
Some 12-24V lighting system applications may be
around 30 ohms, or more or less. Other voltages and
resistances are contemplated.

[0060] A version of the lens heater assembly 70 was
taped to an existing molded outer lens 32 and thermal
testing was completed on the stand alone lens 32 as well
as thelamp assembly. Figs. 7 and 8 show thermal images
of the lighting system assembly 20 (Fig. 7) and just the
lens 32 (Fig. 8) and with the lens heater assembly ener-
gized. In the figures, temperature is represented by 72
being hot, 74 being warm, 76 being cool, and 78 being
cold. ltis to be appreciated that these descriptions of hot,
warm, cool, and cold are relative terms, and are only
intended to show a gradient of temperature ranges that
can be produced by the lighting system 20.

[0061] Fig. 9 shows a lighting system 20 in a cooling
chamber saturated at -20C with approximately 2 mm of
ice buildup 80. Fig. 10 then shows the same lighting sys-
tem 20 with LEDs 44 energized, e.g., low beam and hi
beam, along with the lens heater circuit 52 energized and
dissipating approximately 18 watts. Ice 80 was substan-
tially cleared from the optical area 84 in several minutes.
The cooling chamber remained at-20C with considerable
convective airflow.

[0062] Fig. 11 shows one embodiment having a lens
heater circuit 52 made up of traces 88 with unequal trace
lengths. This arrangement created non-uniform heating
of the traces 88. This arrangement may be useful for
certain applications. Slightly warmer heating in the center
92 can be seen as compared to the edges 96. Fig. 12
shows an additional embodiment with generally equal
length traces 88. A more uniform heating can be seen.
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The traces can be connected with a busbar 100 on the
non-power connect end 104 to allow for equal trace
lengths, which can also be useful in certain applications.
In the figures, temperature is represented by 72 being
hot, 74 being warm, 76 being cool, and 78 being cold. It
is to be appreciated that these descriptions of hot, warm,
cool, and cold are relative terms, and are only intended
to show a gradient of temperature ranges that can be
produced by the lighting system 20.

[0063] In some embodiments, a silver based screen
printable ink can be used as the lens heater traces 88.
Silver allows for low resistance traces even when the
traces are very thin. In some embodiments, the ink can
be printed at a thickness between about 5-15 microme-
ters (could vary more or less than this in other embodi-
ments). Other conductive inks could be utilized provided
they can meet the overall resistance requirements for
various applications.

[0064] In some embodiments, the width of the lens
heater traces used as heating elements can be about
0.35mm. This can vary from about 0.05mm to about
1.0mm on various embodiments. The lens heater traces
can be spaced at approximately 8mm to provide uniform
heating of the entire lens surface. This distance can be
increased to approximately 15mm and still be effective,
and can be reduced for other applications. It is to be ap-
preciated that other dimensions are possible.

[0065] Insome embodiments, the overall resistance of
the lens heater circuit 52 can be about 30 ohms. In other
embodiments, this can vary from about 5 ohms to about
300 ohms in various designs.

[0066] Through testing, it has been found that approx-
imately 1 W/(2,54cm)*2 (=1 W/in*2) applied to the inter-
nal surface of a thermoplastic polymer outer lens 32 can
be an adequate amount of power per optical area of an
LED lamp to effectively de-ice. In other embodiments,
this could be increased to 2 W/(2,54cm)"2 (=2 W/in"2)
or more on other designs. Some embodiments of the
lighting system 20 can be designed around a dissipation
of about 18 Watts. It is to be appreciated that other dis-
sipations are possible.

[0067] In other embodiments, the lens heater portion
may not necessarily need to be opaque traces of a con-
ductive ink. The lens heater traces 88 could be a sub-
stantially transparent ink, for example, (e.g., approxi-
mately 85 percent, or more or less, transmission), that
can cover a portion or the entire surface of the heater
substrate 60. This transparent ink may also include a
more conductive ink screen over it to create busbars and
input power connection points. Non-limiting examples of
clear conductive ink include those based on carbon or
graphite nanotechnology, silver micro or nano structures,
as well as indium tin oxide, silver or copper micro foil
grids.

[0068] As mentioned above, PTC ink traces 108 may
also be incorporated into the lens heater circuit 52. Fig.
13 is a graph that shows a key characteristic of PTC inks.
As the temperature increases so does the resistance of
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the PTC ink. At a certain predetermined temperature, the
increase in resistance can become exponential. In some
embodiments, a PTC trace 108 can be located near one
or more of the lens heater traces 88. In some embodi-
ments, when the lens heater trace 88 approaches about
40C-60C, the PTC trace resistance can go to infinity. A
lens heater controller 48 can recognize this change in
resistance and vary voltage supplied to the lens heater
circuit 52 to keep the lens heater trace 88 at or near about
40C during operation. In some embodiments, a40C PTC
ink offered by Henkel AG & Company, KGaA, can be
used. PTC inks from Dupontand others can also be used.
[0069] Fig. 14 shows an embodiment of a lens heater
assembly 70 layout (without the lens heater circuit 52)
and with the PTC trace 108 for temperature sensing. With
the opposing busbar 120, in some embodiments, most
or all traces can be substantially equal length and can
heat uniformly. There can be multiple connection points
(could have more than one connection per power busbar
116 to reduce current traveling through a single point).
The top connection point 128 and bottom connection
point 132 support the potential across the lens heater
traces 88. The top 128 and center 136 connection points
allow for measurement of resistance across the PTC
trace 108 serving as a thermistor.

[0070] Fig. 15 shows the PTC trace 108 enlarged.
Since the PTC trace can run alongside the lens heater
trace 88, it can nearly have the same temperature as the
lens heater trace. As the lens heater trace approaches
40C, the PTC trace’s resistance can begin to increase
exponentially. At some point on the exponential curve
144 (see Fig. 13), the lens heater controller 48 can begin
to regulate the lens heater voltage and thus decrease
the power being dissipated by the lens heater circuit 52.
[0071] Fig. 16 shows the positioning of the ink 66 and
screen printed substrate 60 in an injection molding tool
146 to produce a lighting system lens with a lens heater.
Fig. 17 is a close-up view. The clear substrate 60 with a
screen printed conductive ink 66 pattern can be placed
into a pocket on the core 148 with the ink side against
the core. In this arrangement, the exposed ink side can
remain exposed on the final lighting system lens part 32.
Molten resin can then over mold the substrate 60, bond-
ing only to the non-printed side of the clear substrate 60.
In some embodiments, various types of thermoplastic
polymers, such as polycarbonate materials, can be uti-
lized as the injected resin 152 for the lens 32. It is to be
appreciated that other assembly arrangements are con-
templated where the ink 66 side remains exposed on the
final lighting system lens part 32.

[0072] Fig. 18 shows an alternative arrangement for
the positioning of the ink 66 and screen printed substrate
60 in an injection molding tool 146 to produce a lighting
system lens with a lens heater. Fig. 19is a close-up view.
The ink 66 can be encapsulated as well as with the clear
substrate 60 placed against the cavity side 156 of the tool.
[0073] Testing showed successful over molding of the
thermoplastic film substrate screen printed lens heater
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traces 88. Both were taped to the core of the injection
molding tool to prevent material from pushing the label
up against the cavity 156. The tool 146 can be modified
to recess the thermoplastic substrate 60 and conductive
ink 66 into the core 148 and to hold it there with a vacuum.
In some embodiments, the conductive ink 66 can be ex-
posed on the interior side 36 of the lens 32.

[0074] Fig. 20 includes a table that shows the optical
impact of the lens heater traces 88 on low beam illumi-
nation and hi beam illumination. The impact of the lens
heater traces 88 on illumination output is only minimal,
and may be non-perceivable, and can be reduced further
through thinner lens heater traces. In some embodi-
ments, greater than 90 percent transmission rate in terms
of both lumens and intensity can be achieved. This can
be varied depending on the lighting system application
by varying a thickness of the lens heater traces and the
material used for the conductive traces 66 and the sub-
strate 60.

[0075] Fig. 21 shows an alternative embodiment of a
lighting system 200. The lighting system 200 can include
a base 204 and a lens 208. The lens 208 has an interior
lens side 216 and an exterior lens side 212. At least one
LED 220 can be positioned within the base 204 to provide
illumination through the lens 208. A lens heater assembly
222 can include a lens heater controller 224, with a lens
heater circuit 228 operatively coupled to the lens heater
controller 224. In some embodiments, a substantially
clear thermoplastic substrate 232 can be positioned on
the interior lens side 216 of the lens, and a conductive
ink or film circuit 236 can be positioned on the thermo-
plastic substrate 232 and can be operatively coupled to
the lens heater circuit 228. In some embodiments, a re-
flector 240 can be included to guide illumination from the
one or more LEDs 220. In some embodiments, the lens
heater circuit 228 can include one or more contacts 248
to allow for the transmission of power from the lens heater
circuit 228 to the conductive ink circuit 236. A conductive
element 244, e.g., a spring or a wire, can be positioned
to electrically couple the contact 248 with a contact 252
on the conductive ink circuit 236. In some embodiments,
the conductive element 244 can pass through the reflec-
tor 240 to provide the power from the lens heater circuit
228 to the conductive ink circuit 236.

[0076] Referring to Figs. 22-29, components of a light-
ing system 256 are shown according to embodiments of
the present disclosure. The lighting system 256 can in-
clude a base 260 and a lens 264. As shown, the lens 264
has an interior lens side 268 and an exterior lens side
272. According to some embodiments, at least one LED
276 can be positioned within the base 260 to provide
illumination through the lens 264. A lighting assembly
280 (e.g., as shown in Fig. 24) can include a controller
and/or regulatory circuitry coupled to the atleastone LED
276 to control power supplied to the at least one LED
276. Additionally, the lighting assembly 280 may be cou-
pled to a interconnect assembly 284 (e.g., as shown in
Fig. 25) in order to control power supplied to the inter-
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connect assembly 284 and/or communication between
the lighting assembly 280 and the interconnect assembly
284. The interconnect assembly 284 can be used to pro-
vide heat to a thermoplastic substrate 288, as will be
explained below.

[0077] In some embodiments, the thermoplastic sub-
strate 288 (e.g., as shown in Fig. 25) can be made from
certain materials including substantially clear thermo-
plastic. A conductive ink circuit 292, which may also be
referred to as a conductive film circuit, can be positioned
on the thermoplastic substrate 288 and coupled to the
interconnect assembly 284, details of which will be ex-
plained below. In some embodiments, the conductive ink
circuit 292 can include conductive silver deposited on the
thermoplastic substrate 288 using a known technique
such as screen printing. The conductive ink circuit 292
can provide heat when appropriate electrical power is
provided to the conductive ink circuit 292.

[0078] In some embodiments, the conductive ink cir-
cuit 292 can be positioned on an inner thermoplastic sub-
strate surface 296 (e.g., as shown in FIG. 25). Addition-
ally, the inner thermoplastic substrate surface 296 can
be positioned over the lens 264. An outer thermoplastic
substrate surface 300 can be exposed to an environment
(including, for example, low temperatures) surrounding
the lighting system 256. In some embodiments, the con-
ductive ink circuit 292 may efficiently prevent ice from
forming on the lighting system 256 when the thermoplas-
tic substrate 288 is positioned on top of (e.g., over) the
lens 264 due to the relative thickness of the thermoplastic
substrate 288 as compared to the lens 264. The smaller
thickness of the thermoplastic substrate can allow heat
to be more efficiently transferred to the outermost surface
of the lighting system 256, and may prevent ice from
building up and potentially occluding illumination from
the at least one LED 276.

[0079] Insomeembodiments, the interconnectassem-
bly 284 can be coupled to the conductive ink circuit 292
in order to supply power to the conductive ink circuit 292.
In shown by Fig. 26, the interconnect assembly 284 can
include spring connectors 304 coupled to a circuit board
308, which can be a printed circuit board. Portions of the
conductive ink circuit 292 may act as busbars to allow
for efficient power transfer from the spring connectors
304 to the conductive ink circuit 292. In some embodi-
ments, the spring connectors 304 can be included for
power and ground terminals of the conductive ink circuit
292. Each spring connector 304 can have any number
of pins 312, such as two pins, three pins, four pins, or
five pins. Additional pins can allow for higher current car-
rying capacity due to a larger connection area on the
conductive ink circuit 292. In some embodiments, the
spring connectors 304 can be battery-type connectors,
such as the 9155-200 battery connector offered by AVX®.
The pins 312 can be flexed and/or depressed when the
interconnect assembly 284 is pressed against the ther-
moplastic substrate 288. The pins 312 may be configured
to be biased to an outermost position and require pro-
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gressively increasing force to be further flexed and/or
depressed as the interconnect assembly 284 is pressed
against the thermoplastic substrate 288. The pins 312
and the interconnect assembly 284 can then be held in
place as injection molded around the interconnect as-
sembly 284 to form the lens 264, as will be explained
below.

[0080] Busbars 316 can be placed in contact with the
spring connectors 304 and coupled to interconnect as-
sembly 284, details of which will be explained below. The
busbars 316 may have a larger cross sectional area, and
thus reduced resistivity, along the length of busbars 316
as compared to the other portions of the conductive ink
circuit 292 that may utilize higher resistivity in order to
generate heat. The busbars 316 may include a first bus-
bar 316A and a second busbar 316B. Depending on the
electrical configuration of the interconnect assembly 284,
the first busbar 316A can act as a power busbar with the
second busbar 316B acting as a ground or neutral bus-
bar. Alternatively, the first busbar 316A can act as a
ground or neutral busbar with the second busbar 316B
acting as a power busbar.

[0081] A thermistor 320, which can be a negative tem-
perature coefficient (NTC) resistor, can be coupled to the
circuit board 308 and placed in contact with the lens 264
during manufacturing of the lens 264, which will be ex-
plained in detail below. The thermistor 320 can be used
to sense a temperature of the lens 264. The power sup-
plied to the conductive ink circuit 292 can then be con-
trolled based on the temperature sensed by the thermis-
tor 320, according to some embodiments.

[0082] Insome embodiments, a pin connector 324 can
be positioned on the circuit board and coupled to the
thermistor 320 and/or the spring connectors 304. The pin
connector 324 can have any number of interfaces, such
as pins for providing appropriate electrical connections
for the circuit board. For example, four pins can be in-
cluded to provide a power connection, a ground connec-
tion, a connection for a first terminal of the thermistor
320, and a connection for a second terminal of the ther-
mistor 320, respectively. The power connection and the
ground connection can be used to supply power directly
to the conductive ink circuit 292 or to a regulatory circuit
of the circuit board 308 for controlling power supplied to
the conductive ink circuit 292, which will be explained
below. The connections to the thermistor 320 can be used
to provide a measure of the resistance across the ther-
mistor 320 to another circuit board and/or controller. In
some embodiments, additional pins can be provided for
other electrical devices that may be coupled to the circuit
board 308 such as optical sensors, additional conductive
ink circuits, or additional thermistors.

[0083] In some embodiments, an indicator light 327
can be coupled to the circuit board 308 and configured
to turn on when power is supplied to the conductive ink
circuit 292. As an example, the indicator light 327 can be
an LED coupled to the conductive ink circuit 292. In some
embodiments, the indicator light 327 may be coupled to
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dedicated indicator light pins included in the pin connec-
tor 324 and controlled by an external circuit and/or con-
troller coupled to the indicator light pins, and configured
to selectively supply power to the indicator light pins.
[0084] According to one non-limiting example embod-
iment, the lighting system 256 was subjected to testing
regarding functionality at arange of temperatures as well
as deicing capabilities. The testing procedure included
placing a thermocouple centered on the outer surface of
an outer lens, in this case, the thermoplastic substrate
288. The lighting system 256 was then orientated as it
would be oriented within a vehicle (e.g., lens 264 placed
near an LED light), and with the thermoplastic substrate
288 and lens 264 visible through an observation window.
Thermocouple measurements and current measure-
ments of currents supplied to the lighting system were
recorded over the duration of the test. A sampling rate
of the measurements was high enough to observe the
temperature at which the heater turns on. The lighting
system 256 was placed in a thermal chamber at 30°C
and powered on high beam and low beam at 13.5 VDC.
Temperature in the chamber was ramped from 30°C to
-30°C over a duration of one hour. The temperature in
the chamber then remained at-30°C for a duration of one
hour. The lighting system 256 was then subjected to a
temperature of -30°C for one hour while a 2mm thick
layer of ice accumulated on the thermoplastic substrate
288 and/or lens 264 by occasionally applying water to
the thermoplastic substrate 288 and/or lens 264. The
lighting system 256 was then supplied with 13.5VDC with
high beam and low beam on. Monitoring of the ice was
stopped when theice on the lighting system 256 exhibited
a steady state (defined as no change over 10 minutes),
or when the lighting system 256 had been powered on
for one hour. The lighting system 256 was then assessed
to determine if functionality was maintained after the test-
ing, if all ice had been cleared from the thermoplastic
substrate 288 and/or lens 264, and if the lighting system
256 had sustained any damage from testing. Here, func-
tionality was maintained, ice was cleared, and the lighting
system 256 did not sustain any damage. Accordingly,
the lighting system 256 was deemed to pass the testing
criteria.

[0085] Referring to Figs. 22-30, a cutaway view of the
positioning of the thermoplastic substrate 288 and the
interconnect assembly 284 within the lens 264 is shown.
An injection molding process can be used to overmold
the thermoplastic substrate 288 and the interconnect as-
sembly 284 with a thermoplastic polymer, such as poly-
carbonate materials to create the lens 264. An injection
molding tool with a cavity and a core can be used to
position the thermoplastic substrate 288 and the inter-
connect assembly 284. The thermoplastic substrate 288
can be positioned against the cavity with the conductive
ink circuit 292 facing away from the cavity.

[0086] In some embodiments, at least a portion of the
interconnect assembly 284 can be placed with the spring
connectors 304 facing the thermoplastic substrate 288
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in a pocket of the core. Portions of the interconnect as-
sembly 284 that may be placed in the pocket of the core
include heating connectors 304 and a circuit board 308.
The pocket can be sized to hold the interconnect assem-
bly 284 in place before the resin has cooled and hardened
around the interconnect assembly 284. Once the resin
has cooled, the lens 264 can bond to at least a portion
of the interconnect assembly 284 and at least a portion
of the thermoplastic substrate 288 and hold the intercon-
nect assembly 284 and the thermoplastic substrate 288
in place, forming the lens 264, thermoplastic substrate
288, and the interconnect assembly 284 as a single piece
of construction (i.e. the lens 264 may resist removal of
the thermoplastic substrate 288 and/or the interconnect
assembly 284). In some embodiments, the interconnect
assembly 284, spring connectors 304, and/or pins 312
may be positioned at least partially within the lens 264.
[0087] Forming the lens 264, thermoplastic substrate
288, and the interconnect assembly 284 as a single piece
of construction can ease repair of the lighting system 256
such as replacing LEDs. As an example, a user may only
need to remove the lens 264 and unplug the pin connec-
tor 324 from any attached cables without removing the
interconnectassembly 284 and/or the thermoplastic sub-
strate 288 from a position in which a suitable electrical
connection is made between the pins 312 of the inter-
connect assembly 284 and the conductive ink circuit 292
positioned on the thermoplastic substrate 288, thus re-
moving a potentially complex step of rearranging the in-
terconnect assembly 284 against the conductive ink cir-
cuit 292 and/or the thermoplastic substrate 288 in order
to recreate the suitable electrical connection, as will be
explained below.

[0088] According to some embodiments, the core and
the interconnect assembly 284 can then be moved to-
wards the cavity and the thermoplastic substrate 288 until
the pins 312 are slightly depressed. In some embodi-
ments, the pins 312 can be depressed by a predeter-
mined amount, such that a sufficient electrical connection
can be formed. As one example, the pins 312 can be
depressed by about 10%-30% of a total range of motion
of the pins 312, and are in contact with the busbars 316
and/or the conductive ink circuit 292. As described
above, thermoplastic polymers, such as polycarbonate
materials, can be utilized as injected resin plastic material
to form the lens 264. After the pins 312 have been de-
pressed, the resin plastic material can then be injected
into the tool. The plastic material and/or the lens 264 can
overmold at least a portion of the conductive ink circuit
292. The plastic material and/or the lens 264 can insulate
portions of the conductive ink circuit 292 that are not in
contact with the spring connectors 304. Once the plastic
material has hardened, the lens 264 can hold the spring
connectors 304 and the interconnect assembly 284 in
place, i.e. with the pins 312 depressed, to ensure the
interconnect assembly 284 remains suitably electrically
coupled to the conductive ink circuit 292.

[0089] The placement of the interconnect assembly
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284 and more specifically the spring connectors 304
against the thermoplastic substrate 288 can be selected
inorder to ensure that the spring connectors 304 maintain
a suitable electrical connection with the conductive ink
circuit 292. If the interconnect assembly 284 is positioned
too far inward towards the thermoplastic substrate 288,
the pins 312 may apply excessive pressure to the con-
ductive ink circuit 292 and potentially break through the
conductive ink circuit 292. If the interconnect assembly
284 is positioned too far away from the thermoplastic
substrate 288, the pins 312 may not depress far enough
and be moved out of contact with the conductive ink cir-
cuit 292.

[0090] In some scenarios, if the pins 312 are not de-
pressed far enough, injected resin may move the pins
312 out of contact with the conductive ink circuit 292. As
described above, the pins may be configured to require
progressively increasing force to be further flexed and/or
depressed as the interconnect assembly 284 is pressed
against the thermoplastic substrate 288. The pins 312
may require a relatively low amount of force to be dis-
placed further when displaced a relatively short distance.
After the interconnect assembly 284 has been positioned
against the thermoplastic substrate 288, resin can be in-
jected into the injection molding tool. The injected resin
may press against the pins 312 in a sufficient manner to
further depress the pins 312 away from the thermoplastic
substrate (and thus out of contact with the conductive ink
circuit 292). This can occur if the pins are not depressed
far enough, and are biased outwards with an insufficient
force to resist further depression from the injected resin.
[0091] In some embodiments, the suitable electrical
connection between the pins 312 and the conductive ink
circuit 292 can be a low resistance connection. The re-
sistance of the electrical connections is preferably close
to zero ohms. In some embodiments, a suitable amount
of resistance can be less than about ten percent or less
of the resistance of the conductive ink circuit 292.
[0092] Todeterminean appropriate location to position
the interconnect assembly 284 against the thermoplastic
substrate 288, a thermal camera can be used to deter-
mine if there is a suitable electrical connection between
the interconnect assembly 284 and the conductive ink
circuit 292. The thermal camera can be used to detect
heat around areas where the pins 312 contact the con-
ductive ink circuit 292. Power can be applied to the in-
terconnect assembly 284 and the conductive ink circuit
292, and if excessive heat is being dispersed around ar-
eas where the pins 312 contact the conductive ink circuit
292, the electrical connection between the interconnect
assembly 284 and the conductive ink circuit 292 may not
be efficient. The location of the interconnect assembly
284 againstthe thermoplastic substrate 288 can be tuned
until a threshold of maximum heat being dispersed has
been met without causing the pins 312 to break through
the conductive ink.

[0093] The thermistor 320 can be over molded by the
resin and be placed in contact with the lens 264. The
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thermistor 320 may then be used to sense a temperature
of the lens 264, which may be indicative of a temperature
of the exterior lens side 272 of the lens 264. The temper-
ature indicated by the resistance of the thermistor 320
may be lower than the surrounding temperature due to
the thickness of the lens 264. For example, a resistance
value indicative of 20° C may correspond to a tempera-
ture of 5-15° C at the exterior lens side 272. The differ-
ence in temperature can be accounted for via the circuitry
powering the conductive ink circuit 292, such that the
conductive ink circuit 292 provides heat when the tem-
perature of the exterior lens side 272 is low enough to
potentially freeze the exterior lens side 272.

[0094] Fig. 31 shows anexample process 328 for man-
ufacturing a lens bonded to at least a portion of a ther-
moplastic substrate and a interconnect assembly. At
process step 332, a conductive ink or film circuit can be
positioned on the thermoplastic substrate using a known
technique such as screen printing. In some embodi-
ments, the conductive ink or film circuit can include silver
traces. Once the conductive ink or film circuit has settled,
the process 328 can proceed to step 336.

[0095] At process step 336, the thermoplastic sub-
strate can be positioned in a cavity of an injection molding
tool. Specifically, a side of the thermoplastic substrate
without the conductive ink or film circuit can be placed
against a wall of the cavity, with the conductive ink or film
circuit facing away from the cavity. The process can then
proceed to step 340.

[0096] At process step 340, a interconnect assembly
can be positioned in a pocket of a core of the injection
molding tool. The interconnect assembly can have one
or more spring connectors, each with a plurality of pins,
and a thermistor arranged on side of a circuit board. The
interconnect assembly can be positioned with the spring
connectors facing the cavity and more specifically the
conductive ink or film circuit. The process can then pro-
ceed to step 344.

[0097] Atprocess step 344, the interconnect assembly
can be positioned against the thermoplastic substrate to
establish a suitable electrical connection between the in-
terconnect assembly and the thermoplastic substrate.
Specifically, the connection can be established at the
conductive ink or film circuit while closing the injection
molding tool. As described above, the placement of the
interconnect assembly and more specifically the spring
connectors against the thermoplastic substrate 288 can
be selected in order to ensure that the spring connectors
maintain a suitable electrical connection with the conduc-
tive ink circuit. If the interconnect assembly is positioned
too far inward towards the thermoplastic substrate, the
pins may apply excessive pressure to the conductive ink
circuit and potentially break through the conductive ink
circuit. If the interconnect assembly is positioned too far
away from the thermoplastic substrate, the pins may not
depress far enough and be moved out of contact with the
conductive ink circuit during injection of the resin.
[0098] Asdescribedabove, the pins may be configured
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to require progressively increasing force to be further
flexed and/or depressed as the interconnect assembly
is pressed against the thermoplastic substrate. The pins
may require a relatively low amount of force to be dis-
placed further when displaced a relatively short distance.
After the interconnect assembly has been positioned
againstthe thermoplastic substrate, resin can be injected
into the injection molding tool. The injected resin may
press against the pins in a sufficient manner to further
depress the pins away from the thermoplastic substrate
(and thus out of contact with the conductive ink circuit).
This can occur if the pins are not depressed far enough,
and are biased outwards with an insufficientforce toresist
further depression from the injected resin.

[0099] In some embodiments, the suitable electrical
connection between the pins and the conductive ink cir-
cuit can have a small percentage of the resistance of the
conductive ink circuit alone. For example, if the conduc-
tive ink circuit has a resistance of two hundred ohms, the
suitable electrical connection may have a resistance of-
ten ohms, or about five percent of the total resistance of
the conductive ink circuit. In some embodiments, the suit-
able electrical connection can have a resistance of about
one percent or less of the resistance of the conductive
ink circuit, about two percent or less of the resistance of
the conductive ink circuit, about five percent or less of
the resistance of the conductive ink circuit, about eight
percent or less of the resistance of the conductive ink
circuit, or about ten percent or less of the resistance of
the conductive ink circuit 292. Once a suitable electrical
connection has been obtained, the process can proceed
to step 348.

[0100] At process step 348, resin can be injected into
the injection molding tool. The resin can be a thermo-
plastic polymer. A portion of the interconnect assembly,
a portion of the thermistor and/or a portion of the spring
connectors can be over molded by the resin. A portion
of the interconnect assembly, a portion of the thermistor
and/or a portion of the spring connectors can be partially
contained within the lens and/or bonded to the lens. A
portion of the thermistor can then be placed in contact
with the lens that will be formed by the resin. The ther-
mistor may then be used to sense a temperature of the
lens, which may be indicative of a temperature of the
exterior lens side of the lens. Once the resin hardens and
forms the lens, the interconnect assembly, thermoplastic
substrate, and the lens can form a single piece construc-
tion component. The process can then proceed to step
352. At process step 352, the single piece component
can be removed from the injection molding tool and
placed or utilized in a heated lighting system.

[0101] Referringto Fig. 32, a circuit diagram of a driver
circuit 372 and a heater circuit 376 is shown, according
to some embodiments. The driver circuit 372 can include
a temperature difference amplifier 380 and a driver am-
plifier 384. The temperature difference amplifier 380 can
be coupled to a temperature set point voltage supply 388
at a first input 392. The temperature set point voltage
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supply 388 can provide a predetermined voltage that cor-
responds to a temperature threshold below which the
driver circuit 372 will provide power to heater elements
396. The heater elements 396 can include a conductive
ink circuit arranged as described above. In some embod-
iments, the heater elements 396 can be a conductive ink
circuit. Power connections for the amplifiers are not
shown for simplicity.

[0102] The temperature difference amplifier 380 can
be coupled to a resistor 400 and a thermistor 404 at a
second input 408. The resistor 400 can be coupled to a
fixed voltage supply 412. The fixed voltage supply 412
can provide a predetermined voltage that is higher than
the voltage supplied by the temperature set point voltage
supply 388.

[0103] The thermistor 404 can be a NTC resistor as
described above. The thermistor 404 can generally follow
a predetermined resistance v. temperature curve, which
can be provided by a manufacturer of the thermistor 404.
The thermistor 404 may provide more resistance with
decreasing temperatures. The thermistor 404 can be
configured to sense a temperature of a lens of a heated
lighting system as described above, such as being ar-
ranged to be in contact with an overmolded lens. As de-
scribed above, the temperature indicated by the thermis-
tor 404 may be different than the exterior lens tempera-
ture. This difference in temperature can be accounted
for by selecting appropriate voltages to be supplied by
the temperature set point voltage supply 388 and the
fixed voltage supply 412.

[0104] The voltage at the second input 408 can vary
as the thermistor 404 becomes more or less resistive
based on temperature. As temperatures decrease and
the thermistor 404 provides increasingly more resistance
than the resistor 400, less voltage from the fixed voltage
supply 412 is dropped across the resistor 400 and the
voltage at the second input 408 is relatively higher than
the voltage at the second input 408 when the thermistor
404 provides less resistance. If the voltage at the second
input 408 is higher than the voltage at the first input 392
(i.e. the voltage provided by the temperature set point
voltage supply 388), the temperature difference amplifier
380 can provide a nonzero voltage to the driver amplifier
384. The driver amplifier 384 can then amplify the pro-
vided voltage and supply power to the heater elements
396. If the voltage at the second input 408 is lower than
the voltage at the first input 392, the temperature differ-
ence amplifier 380 may provide a voltage of about zero
to the driver amplifier 384. The driver amplifier 384 may
then provide no power to the heater elements 396.
[0105] Portions of the driver circuit 372 and the heater
circuit 376 may be positioned at various locations within
a lighting system. In some embodiments, both the driver
circuit 372 and the heater circuit 376 may be included in
a interconnect assembly such as interconnect assembly
284 as described above in conjunction with Figs. 22-30
above. For example, the driver circuit 372 and the heater
circuit 376 can be included in a circuit board such as
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circuit board 308 as described above in conjunction with
Figs. 22-30. In some embodiments, the heater circuit 376
may be included in a interconnect assembly and the driv-
er circuit may be positioned elsewhere in the lighting sys-
tem. In some embodiments, the driver circuit 372 may
be included in a lighting assembly configured to power
LEDs of the lighting system.

[0106] Insome embodiments, the fixed voltage supply
412 can be coupled to a switch such as an electrical
switch or electromechanical switch in order to allow a
user or a device such as an electrical device or a me-
chanical device to control power supplied to the heater
elements 396. If the fixed voltage supply 412 is not sup-
plying a voltage to the second input 408, the driver circuit
372 may not supply power to the heater elements 396.
The user or device can then effectively turn the heater
on by closing the switch or off by opening the switch.
When the switch is closed, power can be supplied to the
heater elements 396 to be supplied based on the resist-
ance of the thermistor 404 and thus a temperature of the
lens of the lighting system. When the switch is open, pow-
er can be prevented from being supplied to the heater
elements 396.

[0107] Referring to Fig. 33, a box diagram for a heater
control system 416 of a lighting system is shown, accord-
ing to some embodiments. The heater control system
416 can include a controller 420 coupled to and in com-
munication with a speed sensor 424, an optical sensor
428, and a temperature sensor 432. The controller 420
can also be coupled to heater elements 436 and config-
ured to selectively supply power to the heater elements.
The controller 420 can be positioned within a housing of
a lighting system. The heater elements 436 can include
a conductive ink circuit positioned on a thermoplastic
substrate of a lighting system as described above. The
controller 420 can supply power to the heater elements
436 based on signals received from the speed sensor
424, the optical sensor 428, and/or the temperature sen-
sor 432, as will be described below.

[0108] The controller 420 can receive a temperature
value from the temperature sensor 432. The temperature
value can be a signal indicative of a temperature sensed
by the temperature sensor 432. The temperature sensor
432 can be a thermistor included in a interconnect as-
sembly as described above. The controller 420 can sup-
ply power to the heater elements 436 based on the tem-
perature value. In some embodiments, the controller 420
can receive the temperature value, determine the tem-
perature value is below a predetermined threshold, and
supply a predetermined amount of power corresponding
to the temperature value to the heater elements 436 in
response to determining the temperature value is below
the predetermined threshold. The controller 420 may
supply more power to the heater elements 436 at lower
temperature values. The controller 420 may have a plu-
rality of predetermined amounts of power corresponding
to a plurality of predetermined thresholds of temperature
values in order to better supply an appropriate amount
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of power for a given temperature. In some embodiments,
the controller 420 can input the temperature value to a
model configured to output a power amount, receive the
power amount from the model, and supply power to the
heater elements 436 based on the power amount. The
model can include an algorithm for determining power
supplied as a function of temperature values, and can be
determined based on field testing data of the effective-
ness of the lighting system at various temperatures and
amounts of power supplied to the heater elements 436.
[0109] The controller 420 can receive an optical value
from the optical sensor 428. The optical value can be a
signal indicative of light sensed by the optical sensor 428.
The optical sensor 428 can be positioned in the lighting
system in order to determine about how much light is
shining through a lens and/or thermoplastic substrate of
the lighting system. Low optical values may indicate that
the lighting system has at least partially frozen over or is
otherwise occluded by sleet, ice, snow, etc. If the optical
value is below a predetermined threshold, the controller
420 can supply power to the heater elements 436. In
some embodiments, the controller 420 can receive the
optical value, determine the optical value is below a pre-
determined threshold, and supply a predetermined
amount of power corresponding to the optical value to
the heater elements 436 in response to determining the
optical value is below the predetermined threshold. The
controller 420 may supply more power to the heater el-
ements 436 at lower optical values. The controller 420
may have a plurality of predetermined amounts of power
corresponding to a plurality of predetermined thresholds
of optical values in order to better supply an appropriate
amount of power for a given optical value. In some em-
bodiments, the controller 420 can input the optical value
to a model configured to output a power amount, receive
the power amount from the model, and supply power to
the heater elements 436 based on the power amount.
The model can include an algorithm for determining pow-
er supplied as a function of optical values, and can be
determined based on field testing data of the effective-
ness of the lighting system at various levels of occlusion
corresponding to sensed optical values and amounts of
power supplied to the heater elements 436.

[0110] The controller 420 can receive a speed value
from the speed sensor 424. In some embodiments, the
speed sensor 424 can be a speedometer coupled to the
vehicle that the lighting system is coupled to. The speed
value can be a signal indicative of a speed sensed by
the speed sensor 424. At speed values associated with
relatively high speed, for example highway speeds, it
may be necessary to provide more power to the heater
elements 436 due to sleet, snow, and/orice accumulating
on the lighting system more rapidly than at relatively low
speeds. If the speed value is above a predetermined
threshold, the controller 420 can supply power to the
heater elements 436. In some embodiments, the control-
ler 420 canreceive the speed value, determine the speed
value is above a predetermined threshold, and supply a
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predetermined amount of power corresponding to the
speed value to the heater elements 436 in response to
determining the speed value is above the predetermined
threshold. The controller 420 may supply more power to
the heater elements 436 at higher speed values. The
controller 420 may have a plurality of predetermined
amounts of power corresponding to a plurality of prede-
termined thresholds of speed values in order to better
supply an appropriate amount of power for a given speed
value. In some embodiments, the controller 420 can input
the speed value to a model configured to output a power
amount, receive the power amount from the model, and
supply power to the heater elements 436 based on the
power amount. The model can include an algorithm for
determining power supplied as a function of speed val-
ues, and can be determined based on field testing data
of the effectiveness of the lighting system at various
speeds corresponding to sensed speed values and
amounts of power supplied to the heater elements 436.
In this way, an appropriate amount of power to be sup-
plied at a given speed can be determined.

[0111] In some embodiments, the controller 420 can
supply power to the heater elements 436 based on a
combination of a received speed value, optical value,
and/or temperature value. For example, the controller
420 can have a stored lookup table of power values, each
power value corresponding to a predetermined speed
value, optical value, and/or temperature value. Using a
combination of a received speed value, optical value,
and/or temperature value to determine the power output
can allow the controller 420 to provide a more appropriate
level of power to the heater elements 436 than if a single
value was used.

[0112] The controller 420 can be coupled to a switch
440. The controller 420 can receive a wired input value
from the switch 440, which can allow a user or a device
such as an electrical device or a mechanical device to
input commands to the controller 420. The wired input
value can be used to determine how much power is sup-
plied to the heater elements 436. The wired input value
can have a range of values based on the construction of
the switch 440. For example, the switch 440 can supply
an "on" value and an "off value if the switch is a two
position selector switch or a relay. Alternatively, the
switch 440 can supply an "off value, afirst position value,
and a position level value if the switch is a three position
selector switch. Further, a continuous range of values
may be supplied if the switch is a potentiometer. Other
ranges of values corresponding to a range of power val-
ues can be supplied to the heater elements 436. The
controller 420 can supply a predetermined amount of
power corresponding to the position of the switch 440,
i.e. an amount for an "on" value, a first position value,
and/or a second position value. If the switch 440 can
supply a continuous range of values, the controller 420
can receive a wired input value, determine that the wired
input value is indicative of a switch position value such
as an "on" value, a first position value, or second position
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value, and supply a predetermined amount of power cor-
responding to the switch position value to the heater el-
ements 436.

[0113] In some embodiments, the controller 420 can
be coupled to and in communication with a wireless mod-
ule 444. The controller 420 can receive a wireless input
value fromthe wireless module 444, which can be atrans-
ceiver capable of one or two-way communication using
one or more wireless protocols including but not limited
to Bluetooth, WiFi, Zigbee, or other appropriate wireless
communication protocols. The wireless input value can
be sent from an electrical device that may be external to
the lighting system, such as a smartphone or a control
FOB. The smartphone can be configured to run an ap-
plication capable of receiving user input from an interface
and sending an appropriate wireless input value based
on the user input. In some embodiments, the wireless
module 444 can be included in the controller 420. The
controller 420 can receive a wireless input value, deter-
mine the wireless input value is indicative of a powerlevel
to be supplied to the heater elements 436 such as an
"on" value corresponding to a fixed predetermined power
level or one of a range of power values such as a first
power value and or second power value, and supply a
predetermined amount of power corresponding to the
power level to the heater elements 436.

[0114] Referring to Figs. 34 and 35, an additional em-
bodiment of a lighting system 448 is shown. The lighting
system 448 can include a base 452 and a lens 462. At
least one LED 456 can be positioned within the base 452
to provide illumination through the lens 462. A conductive
ink or film circuit 460 can be positioned on an interior side
of a thermoplastic substrate 466. The thermoplastic sub-
strate 466 can be positioned on an exterior side of the
lens 462, with the conductive ink circuit 460 facing the
lens 462. A interconnect assembly 468 can be at least
partially over molded by the lens 462 as described above,
and be electrically coupled to the conductive ink circuit
460. The lens 462 can be bonded to at least a portion of
the thermoplastic substrate 466 and the interconnect as-
sembly 468. In some embodiments, the lens 462, the
thermoplastic substrate 466, and the interconnect as-
sembly 468 may form a single piece of construction. The
interconnect assembly 468 may have spring connectors
as described above for contacting the conductive ink cir-
cuit 460 and providing a suitable electrical connection for
powering the conductive ink circuit 460 and thus heating
the lens 462. The interconnect assembly may include
and/or be coupled to portions of a driver circuit as de-
scribed above and a heater circuit as described above,
or be coupled to a controller configured to selectively
power the conductive ink circuit 460 as described above.
[0115] Busbars 464 can be placed in contact with the
spring connectors and coupled to interconnect assembly
468. The busbars 464 may have a larger cross sectional
area, and thus reduced resistivity, along the length of
busbars 464 as compared to the other portions of the
conductive ink circuit 460 that may utilize higher resistiv-
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ity in order to generate heat. The busbars 464 may in-
clude a first busbar 464a and a second busbar 464b.
Depending on the electrical configuration of the intercon-
nect assembly 468, the first busbar 464a can act as a
power busbar with the second busbar 464b acting as a
ground or neutral busbar. Alternatively, the first busbar
464a can act as a ground or neutral busbar with the sec-
ond busbar 464b acting as a power busbar.

[0116] Referring to Figs. 36-39, various components
of another embodiment of a lighting system 472 are
shown. The lighting system 472 can include a base 476
and a lens 500. At least one LED 497 can be positioned
within the base 476 to provide illumination through the
lens 500. A conductive ink or film circuit 480 can be po-
sitioned on an interior side of a thermoplastic substrate
496. The thermoplastic substrate 496 positioned on an
exterior side ofthe lens 500, with the conductive ink circuit
480 facing the lens 500. The conductive ink circuit 480
can include multiple bus bars 484, each of which may be
a power busbar or a neutral or ground busbar. A inter-
connect assembly 488 can be at least partially over mold-
ed by thelens 500 as described above, and be electrically
coupled to the conductive ink circuit 480. The lens 500
can be bonded to at least a portion of the thermoplastic
substrate 496 and the interconnect assembly 488, and
the lens 500, the thermoplastic substrate 496, and the
interconnect assembly 488 may form a single piece of
construction. The interconnect assembly 488 may have
spring connectors as described above for contacting the
conductive ink circuit 480 and providing a suitable elec-
trical connection for powering the conductive ink circuit
480 and thus heating the lens 500. The interconnect as-
sembly may include and/or be coupled to portions of a
driver circuit as described above and a heater circuit as
described above, or be coupled to a controller configured
to selectively power the conductive ink circuit 480 as de-
scribed above. The lighting system 472 may power the
conductive ink circuit 480 at a rate of about two watts per
square inch, which may allow the lighting system 472 to
be used in relatively high speed applications such as
mounted on a snowplow that operates at highway
speeds.

[0117] According to one non-limiting example embod-
iment, the lighting system 472 was subjected to testing
regarding functionality at arange of temperatures as well
as deicing capabilities. The testing procedure included
placing a thermocouple centered on the outer surface of
an outer lens, in this case, the thermoplastic substrate
496. The lighting system 472 was then orientated as it
would be oriented within a vehicle (e.g., lens 500 placed
near an LED light), and with the thermoplastic substrate
496 and lens 500 visible through an observation window.
Thermocouple measurements and current measure-
ments of currents supplied to the lighting system were
recorded over the duration of the test. A sampling rate
of the measurements was high enough to observe the
temperature at which the heater turns on. The lighting
system 472 was placed in a thermal chamber at 30°C
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and powered on high beam and low beam at 13.5 VDC.
Temperature in the chamber was ramped from 30°C to
-30°C over a duration of one hour. The temperature in
the chamber then remained at-30°C for a duration of one
hour. The lighting system 472 was then subjected to a
temperature of -30°C for one hour while a 2mm thick
layer of ice accumulated on the thermoplastic substrate
496 and/or lens 500 by occasionally applying water to
the thermoplastic substrate 496 and/or lens 500. The
lighting system 472 was then supplied with 13.5VDC with
high beam and low beam on. Monitoring of the ice was
stopped when theice on the lighting system 472 exhibited
a steady state (defined as no change over 10 minutes),
or when the lighting system 472 had been powered on
for one hour. The lighting system 472 was then assessed
to determine if functionality was maintained after the test-
ing, if all ice had been cleared from the thermoplastic
substrate 496 and/or lens 500, and if the lighting system
472 had sustained any damage from testing. Here, func-
tionality was maintained, ice was cleared, and the lighting
system 472 did not sustain any damage. Accordingly,
the lighting system 472 was deemed to pass the testing
criteria.

[0118] Referring to Figs. 40-46, components of yet an-
other embodiment of a lighting system 504 are shown.
The lighting system 504 can include a base 508 and a
lens 532. At least one LED 529 can be positioned within
the base 508 to provide illumination through the lens 532.
A lighting assembly 520 can be configured to provide
power to the at least one LED 529. A conductive ink or
film circuit 516 can be positioned on an interior side of a
thermoplastic substrate 528. The thermoplastic sub-
strate 528 can be positioned on an exterior side of the
lens 532, with the conductive ink circuit 516 facing the
lens 532. The conductive ink circuit 516 can include mul-
tiple bus bars 544, each of which may be a power busbar
or a neutral or ground busbar. A interconnect assembly
524 can be at least partially over molded by the lens 532
as described above, and be electrically coupled to the
conductive ink circuit 516. The interconnect assembly
524 caninclude a spring connector 536 with one or more
pins 540. The pins of each spring connector 536 can be
positioned to be in contact with one of the bus bars 544.
The lens 532 can be bonded to at least a portion of the
thermoplastic substrate 528 and the interconnect assem-
bly 524. In some embodiments, the lens 532, the ther-
moplastic substrate 528, and the interconnect assembly
524 may form a single piece of construction. The inter-
connect assembly 524 may have spring connectors as
described above for contacting the conductive ink circuit
516 and providing a suitable electrical connection for
powering the conductive ink circuit 516 and thus heating
the lens 532. The interconnect assembly may include
and/or be coupled to portions of a driver circuit as de-
scribed above and a heater circuit as described above,
or be coupled to a controller configured to selectively
power the conductive ink circuit 516 as described above.
[0119] According to one non-limiting example embod-
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iment, the lighting system 504 was subjected to testing
regarding functionality at arange of temperatures as well
as deicing capabilities. The testing procedure included
placing a thermocouple centered on the outer surface of
an outer lens, in this case, the thermoplastic substrate
528. The lighting system 504 was then orientated as it
would be oriented within a vehicle (e.g., lens 532 placed
near an LED light), and with the thermoplastic substrate
528 and lens 532 visible through an observation window.
Thermocouple measurements and current measure-
ments of currents supplied to the lighting system were
recorded over the duration of the test. A sampling rate
of the measurements was high enough to observe the
temperature at which the heater turned on. The lighting
system 504 was placed in a thermal chamber at 30°C
and powered on high beam and low beam at 13.5 VDC.
Temperature in the chamber was ramped from 30°C to
-30°C over a duration of one hour. The temperature in
the chamber then remained at-30°C for a duration of one
hour. The lighting system 504 was then subjected to a
temperature of -30°C for one hour while a 2mm thick
layer of ice accumulated on the thermoplastic substrate
528 and/or lens 532 by occasionally applying water to
the thermoplastic substrate 528 and/or lens 532. The
lighting system 504 was then supplied with 13.5VDC with
high beam and low beam on. Monitoring of ice was
stopped when theice on the lighting system 504 exhibited
asteady state (as defined as no change over 10 minutes),
or when the lighting system 504 had been powered on
for one hour. The lighting system 504 was then assessed
to determine if functionality was maintained after the test-
ing, if all ice had been cleared from the thermoplastic
substrate 528 and/or lens 532, and if the lighting system
504 had sustained any damage from testing. Here, func-
tionality was maintained, ice was cleared, and the lighting
system 504 did not sustain any damage. Accordingly,
the lighting system 504 was deemed to pass the testing
criteria.

[0120] Referring to Figs. 47-48, various components
of another embodiment of a lighting system 548 are
shown. The lighting system 548 can include a base 552
and a lens 553. At least one LED 556 can be positioned
within the base 552 to provide illumination through the
lens 553. A conductive ink or film circuit 560 can be po-
sitioned on an interior side of a thermoplastic substrate.
The thermoplastic substrate positioned on an exterior
side of the lens 553, with the conductive ink circuit 560
facing the lens 553. The conductive ink circuit 560 can
include multiple busbars 564. Busbars 564B and 564C
may be a power busbar or a neutral or ground busbar
respectively. Busbar 564C can be a bridge busbar con-
figured to provide a low resistance electrical connection
between busbars 564B and 564C. A interconnectassem-
bly 568 can be at least partially over molded by the lens
553 as described above, and be electrically coupled to
the conductive ink circuit 560. The lens 553 can be bond-
ed to atleast a portion of the thermoplastic substrate and
the interconnect assembly 568, and the lens 553, the
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thermoplastic substrate, and the interconnect assembly
568 may form a single piece of construction. The inter-
connect assembly 568 may have spring connectors as
described above for contacting the conductive ink circuit
560 and providing a suitable electrical connection for
powering the conductive ink circuit 560 and thus heating
the lens 553. The interconnect assembly may include
and/or be coupled to portions of a driver circuit as de-
scribed above and a heater circuit as described above,
or be coupled to a controller configured to selectively
power the conductive ink circuit 560 as described above.
[0121] It is to be appreciated that the heated lighting
assemblies presented in this disclosure can be used for
a variety of applications in which heated lighting assem-
blies may perform better than non-heated lighting assem-
blies such as applications with vehicles operating in cold
temperatures (e.g., snow plows, helicopters, snowmo-
biles, semi-trucks, freight and passenger trains, air-
planes, ice resurfacers, etc.), applications with refriger-
ation systems that require lighting (e.g., industrial freez-
ers, warehouses, lab equipment, etc.), applications with
outdoor lighting in cold environments (e.g., construction
sites, oil drilling platforms, various water vessels, street-
lamps, heavy duty flashlights, etc.), and other lens appli-
cations associated with low temperature environments.
The scope of the technology should be determined from
the following claims and not be limited by the above dis-
closure.

Claims

1. A lens heating system for a lighting system (256,
472, 548), the lens heating system comprising:

a substantially clear thermoplastic substrate
(288, 466, 496, 528);

a conductive ink or film circuit (292, 460, 560),
positioned on the thermoplastic substrate (288,
466, 496, 528) to heat the thermoplastic sub-
strate (288, 466, 496, 528);

a spring connector (304, 536) comprising a plu-
rality of pins (312, 540), the pins (312, 540) con-
figured to couple to the conductive ink or film
circuit (292, 460, 560), the pins (312, 540) further
configured to provide an electrical connection
between the pins (312, 540) and the conductive
ink or film circuit (292, 460, 560);

a lens heater (70, 222); and

acontroller (224, 420) operatively coupled to the
lens heater (70, 222), the controller (224, 420)
configured to:

receive a value from a wireless module
(444); and
activate the lens heater (70, 222) in re-
sponse to the value from the wireless mod-
ule (444).
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2. The system of claim 1, wherein the controller (224,
420) is coupled to a thermistor (320, 404), the ther-
mistor (320, 404) configured to determine the tem-
perature associated with an outer lens surface.

3. The system of claim 2, wherein the thermistor (320,
404) is a negative temperature coefficient (NTC)
thermistor.

4. Thesystemofone ofclaims 1to 3, whereinthe spring
connectors (304, 536) are adapted to be positioned
at least partially within a lens (264, 462, 532, 553)
when the lens is coupled to the substantially clear
thermoplastic substrate (288, 466, 496, 528).

5. The system of one of claims 1 to 4, wherein the lens
heater (70, 222) includes a circuit board (308), the
spring connector (304, 536) being surface-mounted
to the circuit board (308).

6. The systemofoneofclaims1to5, further comprising
a second spring connector (304, 536) coupled to a
second busbar (316B, 464B) of the conductive ink
or film circuit (292, 460, 560), and wherein the spring
connector (304, 536) is coupled to a first busbar
(316A, 464A) of the conductive ink or film circuit (292,
460, 560).

7. The system of one of claims 1 to 6, wherein the value
from the wireless module (444) is a speed value cor-
responding to a speed sensor (424), the controller
(224, 420) further configured to:

determine the speed value is above a predeter-
mined threshold; and

activate, in response to determining the speed
value is above the predetermined threshold, a
predetermined amount of power provided to the
conductive ink or film circuit (292, 460, 560) via
the lens heater (70, 222).

8. The system of one of claims 1 to 7, wherein the value
from the wireless module (444) is an optical value
corresponding to an optical sensor (428), the con-
troller (224, 420) further configured to:

determine the optical value is below a predeter-
mined threshold; and

activate, in response to determining the optical
value is below the predetermined threshold, a
predetermined amount of power provided to the
conductive ink or film circuit (292, 460, 560) via
the lens heater (70, 222).

9. A method for heating a lens (264, 462, 532, 553) of
a lighting system (256, 472, 548), the method com-
prising:
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applying a conductive ink or film circuit (292,
460, 560) on a substantially clear thermoplastic
substrate (288, 466, 496, 528);

applying the conductive ink or film circuit (292,
460, 560) on the substantially clear thermoplas-
tic substrate (288, 466, 496, 528) to at least one
of aninterior lens side (268) and an exterior lens
side (272);

positioning a spring connector (304, 536) com-
prising a plurality of pins (312, 540) against the
conductive ink or film circuit (292, 460, 560), and
establishing an electrical connection between
the pins (312, 540) and the conductive ink or
film circuit (292, 460, 560);

receiving a value from a wireless module (444);
and

applying a controlled power to the conductive
ink or film circuit (292, 460, 560) to heat the lens
(264, 462, 532, 553), based on the value.

The method of claim 9, wherein the positioning com-
prises:

moving the spring connector (304, 536) towards the
conductive ink or film circuit (292, 460, 560) until the
pins (312, 540) have flexed a predetermined amount
corresponding to establishing the electrical connec-
tion.

The method of claim 9 or 10, wherein receiving the
value from the wireless module (444) comprises re-
ceiving a speed value from a speed sensor (424),
the method further comprising:

determining the speed value is above a prede-
termined threshold; and

applying, in response to determining the speed
value is above the predetermined threshold, a
predetermined amount of power to the conduc-
tive ink or film circuit (292, 460, 560).

The method of one of claims 9 to 11, wherein receiv-
ing the value from the wireless module (444) com-
prises receiving an optical value from an optical sen-
sor (428), the method comprising:

determining the optical value is below a prede-
termined threshold; and

applying, in response to determining the optical
value is below the predetermined threshold, a
predetermined amount of power to the conduc-
tive ink or film circuit (292, 460, 560).

The method of one of claims 9 to 12, wherein receiv-
ing the value from the wireless module (444) com-
prises receiving an input value from a user device,
the method further comprising:

applying, in response to the input value, a predeter-
mined amount of power to the conductive ink or film
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circuit (292, 460, 560).

14. The method of one of claims 9 to 13, further com-

prising:

positioning the spring connector (304, 536) at least
partially within the lens (264, 462, 532, 553) coupled
to the substantially clear thermoplastic substrate
(288, 466, 496, 528).

Patentanspriiche

Linsenbeheizsystem fiir ein Beleuchtungssystem
(256, 472,548), wobei das Linsenbeheizsystem Fol-
gendes umfasst:

einim Wesentlichen durchsichtiges thermoplas-
tisches Substrat (288, 466, 496, 528);

einen Schaltkreis aus leitfahiger Tinte oder einer
leitfahigen Schicht (292, 460, 560), der zum Be-
heizen des thermoplastischen Substrats (288,
466, 496, 528) auf dem thermoplastischen Sub-
strat (288, 466, 496, 528) positioniert ist;

einen Federstecker (304, 536), der eine Vielzahl
von Stiften (312, 540) umfasst, wobei die Stifte
(312, 540) dazu ausgebildet sind, mit dem
Schaltkreis aus leitfahiger Tinte oder einer leit-
fahigen Schicht (292, 460, 560) gekoppelt zu
werden, wobei die Stifte (312, 540) aulRerdem
dazu ausgebildet sind, eine elektrische Verbin-
dung zwischen den Stiften (312, 540) und dem
Schaltkreis aus leitfahiger Tinte oder einer leit-
fahigen Schicht (292, 460, 560) herzustellen;
eine Linsenheizung (70, 222); und

eine Steuerung (224, 420), die wirksam mit der
Linsenheizung (70, 222) verbunden ist, wobei
die Steuerung (224, 420) dazu ausgebildet ist,
von einem drahtlosen Modul (444) einen Wert
zu empfangen; und

die Linsenheizung (70, 222) als Reaktion auf
den Wert von dem drahtlosen Modul (444) zu
aktivieren.

System nach Anspruch 1, wobei die Steuerung (224,
420) mit einem Thermistor (320, 404) verbunden ist,
wobei der Thermistor (320, 404) dazu ausgebildet
ist, die Temperatur zu bestimmen, die einer aul3eren
Linsenoberflache zugeordnet ist.

System nach Anspruch 2, wobei der Thermistor
(320, 404) ein HeiBleiter (NTC-Thermistor) ist.

System nach einem der Anspriiche 1 bis 3, wobei
die Federstecker (304, 536) zumindest teilweise in
einer Linse (264, 462, 532, 553) positionierbar sind,
wenn die Linse mit dem im Wesentlichen durchsich-
tige thermoplastische Substrat (288, 466, 496, 528)
verbunden ist.
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System nach einem der Anspriiche 1 bis 4, wobei
die Linsenheizung (70, 222) eine Leiterplatte (308)
umfasst, wobei der Federstecker (304, 536) auf der
Leiterplatte (308) oberflachenmontiert ist.

System nach einem der Anspriiche 1 bis 5, des Wei-
teren umfassend einen zweiten Federstecker (304,
536), der mit einer zweiten Sammelschiene (316B,
464B) des Schaltkreises aus leitfahiger Tinte oder
einer leitfahigen Schicht (292, 460, 560) verbunden
ist, und wobei der Federstecker (304, 536) mit einer
ersten Sammelschiene (316A, 464A) des Schaltkrei-
ses aus leitfahiger Tinte oder einer leitfahigen
Schicht (292, 460, 560) verbunden ist.

System nach einem der Anspriiche 1 bis 6, wobei
der Wert von dem drahtlosen Modul (444) ein einem
Geschwindigkeitssensor (424) entsprechender Ge-
schwindigkeitswert ist, wobei die Steuerung (224,
420) des Weiteren dazu ausgebildet ist,

zu bestimmen, dass der Geschwindigkeitswert
Uber einem vorbestimmten Schwellenwert liegt;
und,

als Reaktion auf das Bestimmen, dass der Ge-
schwindigkeitswert Uber dem vorbestimmten
Schwellenwert liegt, eine vorbestimmte Menge
an Leistung zuzuschalten, die dem Schaltkreis
aus leitfahiger Tinte oder einer leitfahigen
Schicht (292, 460, 560) Giber die Linsenheizung
(70, 222) zugefiihrt wird.

System nach einem der Anspriiche 1 bis 7, wobei
der Wert von dem drahtlosen Modul (444) ein einem
optischen Sensor (428) entsprechender optischer
Wert ist, wobei die Steuerung (224, 420) des Weite-
ren dazu ausgebildet ist,

zu bestimmen, dass der optische Wert unter ei-
nem vorbestimmten Schwellenwert liegt; und,
als Reaktion auf das Bestimmen, dass der op-
tische Wert unter dem vorbestimmten Schwel-
lenwert liegt, eine vorbestimmte Menge an Leis-
tung zuzuschalten, die dem Schaltkreis aus leit-
fahiger Tinte oder einer leitfahigen Schicht (292,
460, 560) Uber die Linsenheizung (70, 222) zu-
gefihrt wird.

9. Verfahrenzum Beheizen einer Linse (264, 462, 532,

553) eines Beleuchtungssystems (256, 472, 548),
wobei das Verfahren folgende Schritte umfasst:

Aufbringen eines Schaltkreises aus leitfahiger
Tinte oder einer leitfahigen Schicht (292, 460,
560) auf ein im Wesentlichen durchsichtiges
thermoplastisches Substrat (288, 466, 496,
528);

Aufbringen des Schaltkreises aus leitfahiger
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Tinte oder einer leitfahigen Schicht (292, 460,
560) auf dem im Wesentlichen durchsichtigen
thermoplastischen Substrat (288, 466, 496,
528) auf einer inneren Linsenseite (268)
und/oder einer dufReren Linsenseite (272);
Positionieren eines eine Vielzahl von Stiften
(312, 540) umfassenden Federsteckers (304,
536) gegen den Schaltkreis aus leitfahiger Tinte
oder einer leitfahigen Schicht (292, 460, 560)
und Herstellen einer elektrischen Verbindung
zwischen den Stiften (312, 540) und dem Schalt-
kreis aus leitfahiger Tinte oder einer leitfahigen
Schicht (292, 460, 560);

Empfangen eines Wertes von einem drahtlosen
Modul (444); und

Zufuhren einer gesteuerten Leistung an den
Schaltkreis aus leitfahiger Tinte oder einer leit-
fahigen Schicht (292, 460, 560) auf der Basis
des Wertes, um die Linse (264, 462, 532, 553)
zu beheizen.

Verfahren nach Anspruch 9, wobei das Positionieren
folgenden Schritt umfasst:

Bewegen des Federsteckers (304, 536) in Richtung
des Schaltkreises aus leitfahiger Tinte oder einer leit-
fahigen Schicht (292, 460, 560), bis sich die Stifte
(312, 540) um einen vorbestimmten Betrag gebogen
haben, der der Herstellung einer elektrischen Ver-
bindung entspricht.

Verfahren nach Anspruch 9 oder 10, wobei das Emp-
fangen des Wertes von dem drahtlosen Modul (444)
das Empfangen eines Geschwindigkeitswerts von
einem Geschwindigkeitssensor (424) umfasst, wo-
bei das Verfahren des Weiteren folgende Schritte
umfasst:

Bestimmen, dass der Geschwindigkeitswert
Uber einem vorbestimmten Schwellenwert liegt;
und,

als Reaktion auf das Bestimmen, dass der Ge-
schwindigkeitswert tGber dem vorbestimmten
Schwellenwert liegt, Zufiihren einer vorbe-
stimmten Menge an Leistung an den Schaltkreis
aus leitfahiger Tinte oder einer leitfahigen
Schicht (292, 460, 560).

Verfahren nach einem der Anspriiche 9 bis 11, wobei
das Empfangen des Wertes von dem drahtlosen Mo-
dul (444) das Empfangen eines optischen Werts von
einem optischen Sensor (428) umfasst, wobei das
Verfahren folgende Schritte umfasst:

Bestimmen, dass der optische Wertunter einem
vorbestimmten Schwellenwert liegt; und,

als Reaktion auf das Bestimmen, dass der op-
tische Wert unter dem vorbestimmten Schwel-
lenwert liegt, Zuflihren einer vorbestimmten
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Menge an Leistung an den Schaltkreis aus leit-
fahiger Tinte oder einer leitfahigen Schicht (292,
460, 560).

Verfahren nach einemder Anspriiche 9 bis 12, wobei
das Empfangen des Wertes von dem drahtlosen Mo-
dul (444) das Empfangen eines Eingabewerts von
einem Benutzergerat umfasst, wobei das Verfahren
des Weiteren folgenden Schritt umfasst:

als Reaktion auf den Eingabewert, Zufiihren einer
vorbestimmten Menge an Leistung an den Schalt-
kreis aus leitfahiger Tinte oder einer leitfahigen
Schicht (292, 460, 560).

Verfahren nach einem der Anspriiche 9 bis 13, des
Weiteren folgenden Schritt umfassend:
Positionieren des Federsteckers (304, 536) zumin-
dest teilweise in der Linse (264, 462, 532, 553), die
mit dem im Wesentlichen durchsichtigen thermo-
plastischen Substrat (288, 466, 496, 528) verbunden
ist.

Revendications

1.

2,

Systeme de chauffage de lentilles pour un systéme
d’éclairage (256,472, 548), le systéme de chauffage
de lentilles comprenant :

un substrat thermoplastique (288, 466, 496,
528) essentiellement transparent ;

un circuit (292, 460, 560) d’encre conductrice
ou de film conducteur positionné sur le substrat
thermoplastique (288, 466, 496, 528) pour
chauffer le substrat thermoplastique (288, 466,
496, 528) ;

un connecteur a ressort (304, 536) comprenant
une pluralité de broches (312, 540), les broches
(312, 540) étant configurées pour étre couplées
au circuit (292, 460, 560) d’encre conductrice
ou de film conducteur, les broches (312, 540)
en outre étant configurées pour fournir une con-
nexion électrique entre les broches (312, 540)
et le circuit (292, 460, 560) d’encre conductrice
ou de film conducteur ;

un chauffage de lentilles (70, 222) ; et

un contrdleur (224, 420) qui est couplé de ma-
niére opérationnelle au chauffage de lentilles
(70, 222), le controleur (224, 420) étant confi-
guré pour :

recevoir une valeur d’'un module sans fil
(444) ; et

activer le chauffage de lentilles (70, 222) en
réponse a la valeur du module sans fil (444).

Systeme selon larevendication 1, danslequelle con-
tréleur (224, 420) est couplé a une thermistance
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(320, 404), la thermistance (320, 404) étant configu-
rée pour déterminer la température associée a une
surface de lentille extérieure.

Systeme selon la revendication 2, dans lequel la
thermistance (320,404 ) est une thermistance a coef-
ficient de température négatif (CTN).

Systeme selon 'une quelconque des revendications
1 a 3, dans lequel les connecteurs a ressort (304,
536) sont aptes a étre positionnés au moins partiel-
lement dans une lentille (264, 462, 532, 553) lorsque
la lentille est couplée au substrat thermoplastique
(288, 466, 496, 528) essentiellement transparent.

Systeme selon 'une quelconque des revendications
1 a4, dans lequel le chauffage de lentilles (70, 222)
comprend une carte (308) de circuitimprimé, le con-
necteur a ressort (304, 536) étant monté en surface
sur la carte (308) de circuit imprimé.

Systeme selon 'une quelconque des revendications
1a5, comprenant en outre un deuxiéme connecteur
a ressort (304, 536) couplé a une deuxiéme barre
omnibus (316B, 464B) du circuit (292, 460, 560)
d’encre conductrice ou de film conducteur, et dans
lequel le connecteur a ressort (304, 536) est couplé
a une premiere barre omnibus (316A, 464A) du cir-
cuit (292, 460, 560) d’encre conductrice ou de film
conducteur.

Systeme selon 'une quelconque des revendications
1 a 6, dans lequel le module sans fil (444) est une
valeur de vitesse qui correspond a un capteur de
vitesse (424), le contréleur (224, 420) en outre étant
configuré pour :

déterminer que la valeur de vitesse est au-des-
sus d’'un seuil prédéterminé ; et

activer, en réponse a la détermination que la
valeur de vitesse est au-dessus du seuil prédé-
terminé, une quantité de puissance prédétermi-
née fournie au circuit (292, 460, 560) d’encre
conductrice ou de film conducteur via le chauf-
fage de lentilles (70, 222).

Systeme selon 'une quelconque des revendications
1 a7, dans lequel le module sans fil (444) est une
valeur optique qui correspond a un capteur optique
(428), le controleur (224, 420) en outre étant confi-
guré pour :

déterminer que lavaleur optique estau-dessous
d’un seuil prédéterminé ; et

activer, en réponse a la détermination que la
valeur optique est au-dessous du seuil prédé-
terminé, une quantité de puissance prédétermi-
née fournie au circuit (292, 460, 560) d’encre
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conductrice ou de film conducteur via le chauf-
fage de lentilles (70, 222).

Procédé pour chauffer une lentille (264, 462, 532,
553) d’'un systéme d’éclairage (256, 472, 548), le
procédé comprenant les étapes suivantes :

appliquer un circuit (292, 460, 560) d’encre con-
ductrice ou de film conducteur sur un substrat
thermoplastique (288, 466, 496, 528) essentiel-
lement transparent ;

appliquer le circuit (292, 460, 560) d’encre con-
ductrice ou de film conducteur sur le substrat
thermoplastique (288, 466, 496, 528) essentiel-
lement transparent sur un cbte (268) de lentille
intérieur et/ou un coété (272) de lentille extérieur ;
positionner un connecteur a ressort (304, 536)
comprenant une pluralité de broches (312, 540)
contre le circuit (292, 460, 560) d’encre conduc-
trice ou de film conducteur et établir une con-
nexion électrique entre les broches (312, 540)
et le circuit (292, 460, 560) d’encre conductrice
ou de film conducteur ;

recevoir une valeur d’'un module sans fil (444) ;
et

appliquer une puissance contrélée au circuit
(292, 460, 560) d’encre conductrice ou de film
conducteursurlabase de lavaleur pour chauffer
la lentille (264, 462, 532, 553).

Procédé selon larevendication 9, danslequel I'étape
consistant a positionner comprend :

mouvoir le connecteur a ressort (304, 536) vers le
circuit (292, 460, 560) d’encre conductrice ou de film
conducteur jusqu’a ce que les broches (312, 540)
aient fléchi d’'une quantité prédéterminée qui corres-
pond a I'établissement de la connexion électrique.

Procédé selon la revendication 9 ou 10, dans lequel
I'étape consistant a recevoir la valeur du module
sans fil (444) comprend I'étape consistant a recevoir
une valeur de vitesse d’'un capteur de vitesse (424),
le procédé en outre comprenant les étapes
suivantes :

déterminer que la valeur de vitesse est au-des-
sus d’un seuil prédéterminé ; et

appliquer, en réponse a la détermination que la
valeur de vitesse est au-dessus du seuil prédé-
terminé, une quantité de puissance prédétermi-
née au circuit (292, 460, 560) d’encre conduc-
trice ou de film conducteur.

Procédé selon I'une quelconque des revendications
9 a 11, dans lequel I'étape consistant a recevoir la
valeur du module sans fil (444) comprend I'étape
consistantarecevoir une valeur optique d’'un capteur
optique (428), le procédé comprenant les étapes
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suivantes :

déterminer que lavaleur optique est au-dessous
d’un seuil prédéterminé ; et

appliquer, en réponse a la détermination que la
valeur optique est au-dessous du seuil prédé-
terminé, une quantité de puissance prédétermi-
née au circuit (292, 460, 560) d’encre conduc-
trice ou de film conducteur.

Procédé selon I'une quelconque des revendications
9 a 12, dans lequel I'étape consistant a recevoir la
valeur du module sans fil (444) comprend I'étape
consistant a recevoir une valeur d’entrée d’un dis-
positif d’utilisateur, le procédé comprenant en outre
I'étape suivante :

appliquer, enréponse alavaleurd’entrée, une quan-
tité de puissance prédéterminée au circuit (292, 460,
560) d’encre conductrice ou de film conducteur.

Procédé selon I'une quelconque des revendications
9 a 13, comprenant en outre :

positionner le connecteur a ressort (304, 536) au
moins partiellement dans la lentille (264, 462, 532,
553) couplée au substrat thermoplastique (288, 466,
496, 528) essentiellement transparent.






EP 3 751 193 B1

FIG. 3

FIG. 4

60

66

%

FIG. 5

22



EP 3 751 193 B1

9 Ol

LINJYID 0L @3ddY OLOFNANA= [R5 s

TV, 77

! HQ.:

-
—

23

182 6

B '8¢ R R I

9'6 7 685 £'GZ ~VecEl ver | e L

0Tl 96 | C6 R R RS e BlnEee il gees] 9
0l mmwm 16z | €82 | vGz eee | L2z | Lze G

= P9 0TS 865, A e N KT A R A S A
7’6 L6 9'6 2’82 6¢ |299EE €ez | 1 | v 3
B N NS STy ey Al B 9t & R T I

G0t 86 L6 6'8¢ 9'8¢ I've v'ee £te I'ce I

08¢0-3d |05¢0-0d | 00T0-0d 08¢0-30d|06¢0-3d | 0010-0d 08¢0-0d [06¢0-3d|0010-0d| 3dAlL
VIYILYIN

0109 LSV NNS '€ g9€1-8I8€ NNS ¢ GG6LY T 3dAL MNI




EP 3 751 193 B1

24



EP 3 751 193 B1

8 Ol

25



EP 3 751 193 B1

= ¥
: A
v = )
’
NGB
\‘ -]
-
s

~
-~

80 84

26




EP 3 751 193 B1

S N e A

NN R N

27



EP 3 751 193 B1

¢l Ol o1

s A

T

SN ST L D P SN SN SN AL M A1 AP AP SARFY ST ST 005 S S o Y0 M SMP% SRE S tt

L ML A A

SRy

SRS

\n.”\..”,_ 9 ."m

28



EP 3 751 193 B1

120

Lid
9 144
<
%
&
[l
|
TEMPERATURE !
40C-60C
FIG. 13
116 88
)
128—(]
132—
116 —
FIG. 14
e
116—+ 88 )
[§

29



EP 3 751 193 B1

Wo 156 32152 148
|

2

Sy S S N S S S S OSS

72

FIG. 16



w///////////////

\\\\\\\\\\\\\\\\\\\\\\\\

———————————————————————————

NN\

G. 19

W
NN

FIG. 18



EP 3 751 193 B1

0¢ Ol

%66 Y13ANYD 6/10¢ Y13aNYO 08181 ALISNIINI WNWIXYWN NY3E MO

%Y Cl V13ANYD ©/68E V13ANYO 9G1vE ALISNAINI WNWIXYN V38 HOIH

%6'€1 SNINNT ¥E9 SNIWNT 914 SNANNT V3G MO

%9°€1 SN3IANT £68 SNIWNNT SZL SNIWNT Wv3g HOIH
ASVA¥03a % d31V3IH J0vdl 441V4H 0Vl

JAILONANOD LNOHLIM

JAILONANOD H1IM

32



EP 3 751 193 B1

33



EP 3 751 193 B1

FIG

34



260

EP 3 751 193 B1

264 288

FIG. 24

35



EP 3 751 193 B1

FIG. 25<

36



EP 3 751 193 B1

284

316B i 316A

284

FIG. 28

37



EP 3 751 193 B1

% % e 30

38



328

EP 3 751 193 B1

332
‘\

Position conductive ink or film
circuit on thermoplastic
substrate

v

336
\

Position thermoplastic substrate
in cavity of injection molding tool

h 4

340
\

Position heating assembly in
pocket of core of injection
molding tool

4

344
\

Position heating assembly

against the thermoplastic

substrate to make suitable
electrical connection

\ 4

348
—\

Inject resin into injection
molding tool

\ 4

352
\

Remove single piece
construction component from
injection molding tool

FIG. 31

39




ANIE

EP 3 751 193 B1

4817

DIN) - -
st Nﬁv/\mu G

88¢
quUC._m_m Lmumw_x— wmm + )\/ﬁ
~ 80V 00v
Z6¢
1N241D) Ja1eal v8e 08t 1IN241D) J9ALIQ
J \, J

N Nz

40




EP 3 751 193 B1

€€ Old

sjuawa|l
FESELTH

mmvl\

a|npon
SS3[HM Houms
vor— X N—ovp
v \ 4
19]|041U0)
, _
//lomv

Josuas

ainjeladway dosuas 1eando

J0suU3ag paads

[437% l\ 8¢y -/ 1444 i\

N

91v

41



EP 3 751 193 B1

460

42



EP 3 751 193 B1

43



EP 3 751 193 B1

FIG. 37

44



EP 3 751 193 B1

FIG. 38

45



504

EP 3 751 193 B1

46



EP 3 751 193 B1

47

FIG. 41



516

EP 3 751 193 B1

48

FIG. 42



EP 3 751 193 B1

\\524

FIG. 44

49



EP 3 751 193 B1

50

S\- —516

540







EP 3 751 193 B1

ov9s

av99




	bibliography
	description
	claims
	drawings

