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Abstract
Certain aspects involve lighting systems in which the color temperature of the
illumination can be selectively modified. In one example, a lighting system can include a set
of light sources. The lighting system can also include a switching device. The switching device
can connect different light sources from the set into light-source combinations having different
color temperatures, respectively. A light-source combination can include two of the light

sources connected in series.
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LIGHTING SYSTEM WITH CONFIGURABLE COLOR TEMPERATURES

Technical Field

[0001] This disclosure relates generally to lighting systems having multiple groups of light-
emitting diodes that can be configured to produce illumination of different color temperatures.
More specifically, but not by way of limitation, this disclosure relates to lighting systems in

which the color temperature of the illumination can be selectively modified.

Background
[0002]  Lighting systems include light-emitting diodes (“LEDs”) that provide high-quality
lighting despite a compact size. Different groups of light-emitting diodes can have different
color temperatures. Thus, lighting fixtures, such as luminaires, are often manufactured in
different configurations that provide different color temperatures that a customer can choose.
But stocking LED-based fixtures or other light sources to accommodate various desirable color

temperatures can require maintaining a relatively large or cumbersome inventory.

Summary

[0003] Certain aspects involve lighting systems in which the color temperature of the
illumination can be selectively modified. In one example, a lighting system can include a set
of light sources. The lighting system can also include a switching device. The switching device
can connect different light sources from the set into light-source combinations having different

color temperatures, respectively. A light-source combination can include two of the light
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sc;urces connected in series. Each light-source combinations could, for instance, emit light at
a target lumen output common to the light-source combinations.

[0004] These illustrative aspects are mentioned not to limit or define the disclosure, but to
provide examples to aid understanding thereof. Additional aspects are discussed in the

Detailed Description, and further description is provided there.

Brief Description of the Drawings

[0005] Features, aspects, and advantages of the present disclosure are better understood
when the following Detailed Description is read with reference to the accompanying drawings.
[0006]  FIG. 1 depicts an example of a lighting system in which different light-emitting
diode (“LED”) groups can be combined to produce illumination having different color
temperatures, according to certain aspects of the present disclosure.

[0007]  FIG. 2 depicts an example of an implementation of the lighting system from FIG. 1
in which a slide switch at a first position can be used to connect different LED groups having
different color temperatures, according to certain aspects of the present disclosure.

[0008] FIG. 3 depicts the lighting system of FIG. 2 in which the slide switch is at a second
position providing an alternative combination of LED groups, according to certain aspects of
the present disclosure.

[0009] FIG. 4 depicts the lighting system of FIG. 2 in which the slide switch is at a third
position providing another alternative combination of LED groups, according to certain

aspects of the present disclosure.
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[(jOlO] | FIG. 5 depicts another example of an implementation of the lighting system from
FIG. 1 in which at least one LED group is used to form different light-source combinations
with other LED groups, according to certain aspects of the present disclosure.

[0011] FIG. 6 depicts the lighting system of FIG. 5 in which the switch is at a position
providing an alternative combination of LED groups, according to certain aspects of the
present disclosure.

[0012]  FIG. 7 depicts the lighting system of FIG. 5 in which the switch is at a position
providing another alternative combination of LED groups, according to certain aspects of the
present disclosure.

[0013] FIG. 8 depicts another example of an implementation of the lighting system from
FIG. 1 in which a switching device is implemented using a set of transistors, according to
certain aspects of the present disclosure.

[0014] FIG. 9 depicts an example of a method for manufacturing one or more lighting
systems in which different LED groups can be combined to produce illumination having

different color temperatures.

Detailed Description

[0015] Certain aspects involve lighting systems in which the color temperature of the
illumination can be selectively modified. For instance, a luminaire can have a set of light-
emitting diode (“LED”) groups or other light sources that are connectable in different
combinations to provide different color temperatures. The luminaire could be designed to
provide a constant (or relatively constant) lumen output for different color temperatures. For

instance, a luminaire could have a specified output of 1000 lumens, within a given tolerance.

3
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O}le or rﬁore switches in the luminaire could connect different LED groups (or other light
sources) from the set into light-source combinations having different color temperatures. Each
light-source combination can include at least two of the LED groups connected in series and
can emit light at a lumen output within the tolerance of the target lumen output (e.g., at or
around 1000 lumens).

[0016] In some aspects, different light-source combinations can be activated by “replacing”
one light source (e.g., an LED group) with a different light source (e.g., a different LED group)
in an active light-source combination. Activating a light-source combination can include
causing current to flow through multiple light sources in the light-source combination such
that the light-source combination outputs a target color temperature. In one example involving
a first light source connected in series with a second light source, a change in a switching state
can disconnect the second light source from the current driver. The change in switching state
can also connect a third light source in series with the first light source. In another example,
the second light source could be “replaced” in the given light-source combination by
connecting, via a switch, a third light source in parallel with the second light source. The third
light source can have a lower forward voltage than the second light source, which can cause a
significantly larger current flow through the third light source as compared to the second light
source. In this manner, color temperature and lumen output are produced by the first and third
light sources, even though the second light source remains connected to the first light source.
[0017]  In some aspects, replacing light sources in an active light-source combination can
reduce costs or other resource expenditures for manufacturing a lighting system with a
configurable color temperature. In a simplified example, if a target lumen output of 1000

lumens is desirable, a luminaire with three 500-lumen light sources connectable in different
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cc;mbinaéions could reduce required expenditures as compared to a luminaire that switches
between a first complete 1000-lumen light source and a second complete 1000-lumen LED.
[0018] Referring now to the drawings, FIG. 1 depicts an example of a lighting system 100
in which different LED groups can be combined to produce illumination having different color
temperatures. An example of a lighting system 100 is a luminaire. The lighting system 100
can include a set of light sources 101-103. The lighting system 100 can also include a
switching device 104. The switching device 104 can have different configurations.

[0019] A given configuration of the switching device 104 can connect, into a light-source
combination, at least one of the light sources 101-103 to at least another one of the light sources
101-103. In some aspects, each light-source combination includes at least two of the LED
groups connected in series. [llumination of a particular light-source combination can provide
a respective color temperature. In this manner, the switching device 104 can connect different
LED groups into light-source combinations having different color temperatures, respectively.
[0020] In some aspects, the lighting system 100 can be configured such that each light-
source combination from at least some of the light-source combinations emits light at a
common lumen output. For instance, a first light-source combination can include light sources
101 and 102, and a second light-source combination can include light sources 102 and 103.
The first and second LED groups can emit light at a common lumen output. In some aspects,
the common lumen output is an identical lumen output for both light-source combinations. In
additional or alternative aspects, the common lumen output involves the two light-source
combinations emit light within a specified range of lumen outputs or within a threshold of a
target lumen output. In some aspects, the range of lumen outputs or threshold of the target

lumen output can be constrained or otherwise selected such that a difference in lumen outputs
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b}‘/ differ'ent light-source combinations is not perceptible to a person. In additional or
alternative aspects, the range of lumen outputs or threshold of the target lumen output can be
constrained or otherwise selected such that a difference in lumen outputs by different light-
source combinations still result in sufficient illumination required for completing a specified
task. Examples of differences in lumen outputs by different light-source combinations that
can be used to implement various aspects include differences within a tolerance of 10%,
differences within a tolerance of 20%, differences within a tolerance of 25%, etc.

[0021] The lighting system 100 can also include a current driver 105. The current driver
105 can include one or more devices that provide or regulate power to the light sources 101-
103. In some aspects, the switching device 104 can change a configuration of the lighting
system 100 by adding or changing connections in a circuit that includes the current driver 105
and one or more of the light sources 101-103.

[0022] In one example, changing a state of the switching device 104 can disconnect, from
the current driver 105, one of the light sources included in a first light-source combination.
Disconnecting one of these light sources can deactivate the first light-source combination.
Deactivating a light-source combination can include causing a reduction in current flow
through one or more light sources in the light-source combination such that the deactivated
light-source combination does not output its corresponding target color temperature. A
reduction in current flow could include reducing the current flow to zero or to a non-zero value.
This change in the state of the switching device 104 can also connect, to the current driver 1035,
another one of the light sources and thereby activate a second light-source combination. In
this manner, changing a state of the switching device 104 can replace one light source with a

different light source in an active light-source combination. Changing a state of the switching
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dévice 164 can also disconnect, from the current driver 105, one of the light sources included
in a first light-source combination. Disconnecting one of these light sources can deactivate
the first light-source combination. This change in the state of the switching device 104 can
also connect, to the current driver 105, another one of the light sources and thereby activate a
second light-source combination. In this manner, changing a state of the switching device 104
can replace one light source with a second light source in an active light-source combination.
[0023] In another example, changing a state of the switching device 104 can cause a larger
amount of current flow through a newly activated light source as compared to a currently
activated light source. For instance, a given light-source combination could include a first
light source and a second light source. The second light source could be “replaced” in the
given light-source combination by connecting, via the switching device 104, a third light
source in parallel with the second light source, where the third light source has a lower forward
voltage than the second light source. If the forward voltage differential between the second
and third light sources is large enough, a significantly large amount of current can flow through
the third light source than the second light source, such that the second light source’s
contribution to an outputted color temperature is low or nonexistent. In this manner, changing
a state of the switching device 104 can “replace” the second light source with the third light
source in an active light-source combination, even though the second light source remains
connected to the first light source.

[0024] A light source can include any device that can emit light, where light emitted at
different color temperatures by different light sources can be combined to provide another
color temperature. For illustrative purposes, certain examples described herein with respect to

FIGS. 2-9 involve light sources that are LED groups. But other implementations are possible.
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E‘xample5 of a light source can include one or more LEDs, one or more halogen lighting
devices, one or more incandescent lighting devices, one or more laser diodes, one or more
organic light emitting diodes, and other light-emitting devices. The particular examples of
light sources depicted and/or described herein with respect to FIGS. 2-9 can be replaced with
one or more other light sources without departing from the scope of this disclosure.

[0025] A switching device 104 can include any mechanism, device, or group of devices
that can have different configurations that change one or more connections in one or more
electrical circuits of a lighting system. For illustrative purposes, certain examples described
herein with respect to FIGS. 2-9 involve switches with one or more throws and poles, slide
switches, transistors, etc. But any suitable implementation involving a mechanism, device, or
group of devices that change one or more connections in one or more electrical circuits of a
lighting system can be used. The particular examples of switching devices depicted and/or
described herein with respect to FIGS. 2-9 can be replaced with one or more other switching
devices without departing from the scope of this disclosure.

[0026]  FIG. 2 depicts a lighting system 200 that is an example of implementing the lighting
system 100. The lighting system 200 can include LED groups 201-204. The lighting system
200 can also include a switch 206 that can selectively connect different combinations of the
LED groups 201, 202, 203, 204. The switch 206 can selectively connect different light-source
combinations to a current driver 205. In some aspects, the switch 206 can be a slide switch.
An example of a slide switch is switch with a single pole and multiple throws (e.g., single-
pole/double-throw, single-pole/triple-throw, etc.). In some aspects, the current driver 205 can

be a constant current driver.
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[6027] . In the example depicted in FIG. 2, the switch 205 has a configuration that activates
a first light-source combination. The first light-source combination can include the LED
groups 201 and 202 connected in series. The switch 206 can have a position or other
configuration in which an open path exists between the LED group 203 and the current driver
205, an open path exists between the LED group 204 and the current driver 205, and a closed
path includes the LED group 201, the LED group 202, and the current driver 205.

[0028]  FIG. 3 depicts the lighting system 200 having a configuration in which the switch
206 1s at a second position providing an alternative combination of LED groups. Changing
the switch 206 from a first position, depicted in FIG. 2, to a second position, depicted in FIG.
3, can cause the LED group 201 to be replaced with the LED group 203. In this example, the
light-source combination can include the LED groups 202 and 203 connected in series. The
switch 206 can have a position or other configuration in which an open path exists between
the LED group 201 and the current driver 205, an open path exists between the LED group
204 and the current driver 205, and a closed path includes the LED group 202, the LED group
203, and the current driver 205.

[0029]  FIG. 4 depicts the lighting system 200 having a configuration in which the switch
206 is at a third position providing another alternative combination of LED groups. Changing
the switch 206 from a second position, depicted in FIG. 3, to a third position, depicted in FIG.
4, can cause the LED group 202 to be replaced with the LED group 204. In this example, the
light-source combination includes the LED groups 203 and 204 connected in series. The
switch 206 can have a position or other configuration in which an open path exists between

the LED group 201 and the current driver 205, an open path exists between the LED group
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262 and t‘he current driver 205, and a closed path includes the LED group 203, the LED group
204, and the current driver 205.

[0030] In the examples depicted in FIGS. 2-4, the different light-source combinations can
cause the lighting system 200 to emit light at different color temperatures, respectively. Table
1 provides an example of the total combined color temperature (“CCT”), in degrees Kelvin,
for each of the different switch configurations described above (i.e., position 1 from FIG. 2,
position 2 from FIG. 3, and position 3 from FIG. 4). In some aspects, each of the light-source
combinations can emit light at a lumen output common to the light-source combination and

the light-source combination, as described above with respect to FIG. 1.

Table 1
Switch position LED Group | LED Group | LED Group | LED Group | Total
201 (3000K) | 202 (3000K) 203 204 (4000K) | CCT
(4000K)

1 (LEDS groups ON ON OFF OFF 3000K
201 and 202
connected)

2 (LEDS groups OFF ON ON OFF 3500K
202 and 203
connected)

3 (LEDS groups OFF OFF ON ON 4000K
203 and 204
connected)

[0031]  FIG. 5 depicts a lighting system 300 that is another example of implementing the
lighting system 100. The lighting system 300 can include LED groups 301, 302, 303, 304. In

this example, at least one LED group (e.g., LED group 301) is used to form different light-
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source cé)mbinations with the other LED groups (e.g., LED groups 302, 303, 304). In this
example, the switch 306 is positioned out of a closed path that includes the LED group 301,
the LED group 302, and the current driver 305. The switch 306 is also positioned, in this
example, in a first path that includes the LED group 301, the LED group 303, and the current
driver 305. The switch 306 is also positioned, in this example, in a second path that includes
the LED group 301, the LED group 304, and the current driver 305. For instance, the switch
306 and the LED group 303 are connected in series to the current driver 305, and the switch
306 and the LED group 304 are connected in series to the current driver 305.

[0032] Each position (or other configuration) of the switch 306 can allow current flow
through the LED group 301 and at least one other LED group from LED groups 302-304. For
instance, FIG. 5 depicts a first light-source combination that can include the LED group 301
and the LED group 302. In this example, the switch 306 has a configuration in which an open
path exists between the LED group 303 and the current driver 305, and another open path
exists between the LED group 304 and the current driver 305. An example of this switch
configuration is setting the switch 306 to a position 2, as depicted in FIG. 3.

[0033]  FIG. 6 depicts a first second group combination that can include the LED group 301
and the LED group 303. In this example, the switch 306 has a configuration in which a closed
path exists between the LED group 303 and the current driver 305, and an open path exists
between the LED group 304 and the current driver 305. An example of this switch
configuration is setting the switch 306 to a position 1, as depicted in FIG. 6.

[0034]  FIG. 7 depicts a first second group combination that can include the LED group 301
and the LED group 304. In this example, the switch 306 has a configuration in which an open

path exists between the LED group 303 and the current driver 305, and a closed path exists
11
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between ’ the LED group 304 and the current driver 305. An example of this switch
configuration is setting the switch 306 to a position 3, as depicted in FIG. 7.

[0035] In some aspects, forward voltage differentials can be used to maintain a constant or
near-constant lumen output across the different light-source combinations. For instance, a first
differential can exist between the forward voltage of the LED group 302 and the forward
voltage of the LED group 303. A second differential, which could be the same as or different
from the first differential, can exist between the forward voltage of the LED group 302 and the
forward voltage of the LED group 304. Each forward voltage differential can be sufficient
(e.g., greater than or equal to three volts, less than three volts and greater than or equal to one
volt, etc.) to cause a larger amount of current to flow through the LED groups 303 or 304, as
compared to the current flow through the LED group 302, when a closed path exists between
the LED groups 303 or 304 and the current driver 305.

[0036] For instance, if a closed path exists between the LED group 303 and the current
driver 305, such that the LED group 303 is connected in series with the LED group 301 and in
parallel with the LED group 302, a forward voltage differential between the LED groups 302
and 303 can cause a reduced amount of current flow through LED group 302 as compared to
LED group 303. In some aspects, the forward voltage differential between LED groups 302
and 303 can be sufficient to prevent the LED group 302 from emitting light when the closed
path exists between the LED group 303 and the current driver 305. In additional or alternative
aspects, the forward voltage differential between LED groups 302 and 303 can be sufficient to
prevent the emission of light from the LED group 302 from contributing to (or otherwise
visibly impacting) the color temperature of the light emitted by the combination of LED groups

301 and 302. In additional or alternative aspects, the forward voltage differential between

12

CA 3040908 2019-04-23



LED groilps 302 and 303 can be sufficient to prevent the emission of light from the LED group
302 from causing a total lumen output of the lighting system 300 from exceeding a target
lumen output plus a threshold tolerance, described above with respect to FIG. 1. (A similar
scenario can occur if a closed path exists between the LED group 304 and the current driver
305, such that the LED group 304 is connected in series with the LED group 301 and in parallel
with the LED group 302.)

[0037]  In the examples depicted in FIGS. 5-7, the different light-source combinations can
cause the lighting system 300 to emit light at different color temperatures, respectively. Table
2 provides an example of the total CCT, in degrees Kelvin, for each of the different switch
configurations described above (i.e., position 1 from FIG. 6, position 2 from FIG. 5, and
position 3 from FIG. 7). In some aspects, each of the light-source combinations can emit light

at a lumen output common to the light-source combination and the light-source combination,

as described above with respect to FIG. 1.

Table 2
Switch LED Group LED Group LED Group LED Group Total
position 301 (3000K) 302 (3000K) | 303 (4000K) | 304 (5000K) CCT
1 ON OFF ON OFF 3500K
2 ON ON OFF OFF 3000K
3 ON OFF OFF ON 4000K
[0038] In some aspects, a switching device can include one or more transistors. For

instance, FIG. 8 depicts a lighting system 400 that is another example of implementing the
lighting system 100. The lighting system 400 can include LED groups 401, 402, 403, 404.
[0039]

In this example, a switching device 406 is used to connect different sets of the LED

groups 401, 402, 403, 404 based on one or more control signals from a controller 407. The
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S\;vitching device 406 can include different transistors that can be activated using the controller
407. A control signal can include any signal that causes a change in state of a transistor.
Examples of control signals include a voltage applied to a transistor, a wireless signal (e.g.,
Bluetooth) that can configure a device to change a voltage applied to a transistor, etc.

[0040] The switching device 406 can have different configurations corresponding to
different sets of states of the transistors. In a first configuration, a transistor between points 1
and 2 can be set to an “on” state, and other transistors can be set to “off” states. The first
configuration can include allowing current to flow, via the transistor in the “on” state, through
LED groups 401 and 402 connected in series. In a second configuration, a transistor between
points 2 and 3 can be set to an “on” state, and other transistors can be set to “off” states. The
second configuration can include allowing current to flow, via the transistor in the “on” state,
through LED groups 402 and 403 connected in series. In a third configuration, a transistor
between points 3 and 4 can be set to an “on” state, and other transistors can be set to “off”
states. The third configuration can include allowing current to flow, via the transistor in the
“on” state, through LED groups 403 and 404 connected in series.

[0041]  FIG. 9 depicts an example of a method 900 for manufacturing a lighting system in
which the color temperature of the illumination can be selectively modified. The method 900
can be used to manufacture one or more of the lighting systems 100, 200, 300, and 400, as well
as variants thereof. For illustrative purposes, the method 900 is described with respect to the
examples depicted in FIGS. 1-8. But other implementations are possible.

[0042] At block 902, the method 900 can include identifying a target lumen output, a first
color temperature, and a second color temperature. In some aspects, identifying these values

can involve accessing these values from files. In one example, a computing device executing
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sﬁitable design software can access specification data from one or more files stored in a non-
transitory computer-readable medium. In another example, a technician, can access
specification data from one or more files. The files can include specifications for a luminaire
or other lighting system. The specification data can include, for example, a target lumen
output, a first color temperature, and a second color temperature. In some aspects, the
specification data can include a threshold tolerance with respect to the target lumen output.
Examples of a threshold tolerance include a change in lumen output that is not detectable to a
human eye, a manufacturer-specified tolerance, or any other threshold of a target lumen output
described above with respect to FIG. 1. The computing device or technician can identify the
target lumen output and color temperatures from the specification data. In some aspects,
identifying these values can involve a computing device or a technician computing one or more
of the target lumen output, the first color temperature, and the second color temperature.

[0043] At block 904, the method 900 can include selecting first and second light sources
that, when connected in series, provide the first color temperature and a first combined lumen
output corresponding to the target lumen output. For example, a computing device executing
suitable design software can access hardware data identifying available light sources. The
hardware data can identify the color temperature and lumen output of each light source. The
computing device can compute a CCT and combined lumen output for one or more
combinations of the available light sources identified in the hardware data. The computing
device can select one or more of these combinations having the first color temperature and a
first combined lumen output corresponding to the target lumen output. A combined lumen
output corresponding to the target lumen output can include, for example, the combined lumen

output being within the threshold tolerance of the target lumen output. In some aspects, a
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téchnicie;n can perform one or more of these operations by selecting data describing the first
and second light sources from data stored in paper or electronic files, selecting the physical
devices themselves, or some combination thereof.

[0044] At block 906, the method 900 can include selecting a third light source that, when
connected in series with the first light source, provide the second color temperature and a
second combined lumen output corresponding to the target lumen output. For example, a
computing device executing suitable design software can access hardware data identifying
available light sources. The hardware data can identify the color temperature and lumen output
of each light source. The computing device can compute a CCT and combined lumen output
for the first light source from block 904 in combination with one or more of the available light
sources identified in the hardware data. The computing device can select one or more of these
combinations having the second color temperature and a second combined lumen output
corresponding to the target lumen output. A combined lumen output corresponding to the
target lumen output can include, for example, the combined lumen output being within the
threshold tolerance of the target lumen output. In some aspects, a technician can perform one
or more of these operations by selecting data describing the third light source from data stored
in paper or electronic files, selecting the physical devices themselves, or some combination
thereof.

[0045] Atblock 908, the method 900 can include installing the first light source, the second
light source, and the third light source with a switch having a first configuration connecting
the first and second light sources in series and a second configuration connecting the first and
third light sources in series. For example, the computing device can output a schematic

diagram or other data that includes the first, second, and third light sources and one or more
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circuits tilat include these light sources. The schematic diagram or other data can also include
one or more switching devices positioned such that a first light-source combination and a
second light-source combination can be activated, where each light-source combination
provides a specified color temperature and a combined lumen output within the threshold
tolerance of the target lumen output.

[0046] In some aspects, the outputted schematic diagram or other data can be provided
(e.g., by the computing device or via a transfer on a non-transitory computer-readable medium)
to one or more manufacturing systems. A manufacturing system can assemble the first light
source, the second light source, and the third light source with a switch into the lighting system.
For example, the manufacturing system can position one or more of the light sources, position
one or more switches, and connect the light sources and switches to a wiring system (e.g., a
printed circuit board or other set of conductors) that implements the outputted schematic
diagram or other data.

[0047] In additional or alternative aspects, the outputted schematic diagram or other data
can be provided (e.g., by the computing device or via a transfer on a non-transitory computer-
readable medium) to one or more technicians. The technician can manually assemble the light
sources and the switch into the lighting system. For instance, the technician can position one
or more of the light sources, position one or more switches, and connect the light sources and
switches to a wiring system that implements the outputted schematic diagram or other data.
[0048]  In some aspects, installing the first light source, the second light source, and the
third light source with the switch involves implementing the lighting system 200. For instance,
a manufacturing system or technician could position one or more switches between the first

light source and the second light source in a first path that includes a current driver. A
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m‘anufact'uring system or technician could also position one or more switches between the first
light source and the third light source in a second path that includes the current driver. The
switch could be a slide switch, as described above with respect to FIGS. 2-4. The slide switch
could have a first position that implements the first configuration and a second position that
implements the second configuration.

[0049] In additional or alternative aspects, installing the first light source, the second light
source, and the third light source with the switch involves implementing the lighting system
300. For instance, a manufacturing system or technician could connect the first light source
and the second light source in a first path that includes a current driver. The manufacturing
system or technician could connect the second light source and the third light source in parallel,
with each of the second light source and the third light source in series with the first light
source. The manufacturing system or technician could also position one or more switches
outside of the first path and in a second path that includes the first LED, the third LED, and
the current driver. The first configuration of an installed switch could cause a first open circuit
between the third LED and the current driver, and a second configuration of the installed switch
could connect the third LED and the current driver. In these aspects, a computing device that
performs operations from the method 900 can identify a forward voltage differential from a
forward voltage of the second light source that causes a threshold reduction in current to flow
through the second light source. An example of threshold reduction in current flow is a
reduction in current that prevents the current flow through the second light source from causing
a combined lumen output of the lighting system to exceed the threshold tolerance from the
target lumen output. The computing device can select the third light source based on a forward

voltage of the third light source creating the forward voltage differential.
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[6050] ‘ In additional or alternative aspects, installing the first light source, the second light
source, and the third light source with the switch involves implementing the lighting system
400. For instance, a manufacturing system or technician could install a first light source and
install a set of other light sources (e.g., the second and third light sources) connected in parallel
with the first light source. The manufacturing system or technician could position one or more
switches between a current driver and the set of the other light sources. Different
configurations of an installed switch could cause an open circuit between the current driver
and a given LED from the set of other light sources.

[0051] General Considerations

[0052] Numerous specific details are set forth herein to provide a thorough understanding
of the claimed subject matter. However, those skilled in the art will understand that the claimed
subject matter may be practiced without these specific details. In other instances, methods,
apparatuses, or systems that would be known by one of ordinary skill have not been described
in detail so as not to obscure claimed subject matter.

[0053] Unless specifically stated otherwise, it is appreciated that throughout this
specification discussions utilizing terms such as “computing,” “determining,” and
“identifying” or the like refer to actions or processes of a computing device, such as one or
more computers or a similar electronic computing device or devices, that manipulate or
transform data represented as physical electronic or magnetic quantities within memories,
registers, or other information storage devices, transmission devices, or display devices of the
computing platform.

[0054]  The system or systems discussed herein are not limited to any particular hardware

architecture or configuration. A computing device can include any suitable arrangement of
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cémponénts that provide a result conditioned on one or more inputs. Suitable computing
devices include multi-purpose microprocessor-based computer systems accessing stored
software that programs or configures the computing system from a general purpose computing
apparatus to a specialized computing apparatus implementing one or more aspects of the
present subject matter. Any suitable programming, scripting, or other type of language or
combinations of languages may be used to implement the teachings contained herein in
software to be used in programming or configuring a computing device.

[0055]  Aspects of the methods disclosed herein may be performed in the operation of such
computing devices. The order of the blocks presented in the examples above can be varied—
for example, blocks can be re-ordered, combined, and/or broken into sub-blocks. Certain
blocks or processes can be performed in parallel.

[0056]  The use of “adapted to” or “configured to” herein is meant as open and inclusive
language that does not foreclose devices adapted to or configured to perform additional tasks
or steps. Additionally, the use of “based on” is meant to be open and inclusive, in that a
process, step, calculation, or other action “based on” one or more recited conditions or values
may, in practice, be based on additional conditions or values beyond those recited. Headings,
lists, and numbering included herein are for ease of explanation only and are not meant to be
limiting.

[0057] The foregoing description, including illustrated examples, has been presented only
for the purpose of illustration and description and is not intended to be exhaustive or to limit
the invention to the precise forms disclosed. Numerous modifications, adaptations, and uses

thereof will be apparent to those skilled in the art without departing from the scope of this
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disclosure. Aspects and features from each example disclosed can be combined with any other

example.
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Claims:
1. A lighting system comprising:
a set of light sources; and
a switching device configured for connecting different light sources from the set of light
sources into light-source combinations having different color temperatures, respectively, wherein
each light-source combination comprises two of the light sources connected in series,
wherein:
the lighting system is connectable to a device that provides or regulates power to
the set of light sources,
a first light-source combination comprises a first light source from the set of light
sources and a second light source from the set of light sources,
a second light-source combination comprises the first light source and a third light
source from the set of light sources,
a third light-source combination comprises the first light source and a fourth light
source from the set of light sources,
the switching device is connectable to the device that provides or regulates the
power (i) outside of a path that includes the second light source, (ii) in series with the third
light source, and (iii) in series with the fourth light source,
the switching device has:
a first configuration in which an open path exists between the third light
source and the device that provides or regulates the power,
a second configuration in which (i) a closed path exists between the third

light source and the device that provides or regulates the power and (ii) an open
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path exists between the fourth light source and the device that provides or regulates
the power,

a third configuration in which (i) a closed path exists between the third light
source and the device that provides or regulates the power and (ii) the open path
exists between the fourth light source and the device that provides or regulates the

power.

2. The lighting system of claim 1, the device that provides or regulates the power comprising
a current driver, wherein the switching device is configured for switching between the first light-
source combination and the second light-source combination by at least:

deactivating the first light-source combination by at least causing a reduction in current
flow through the second light source included in the first light-source combination;

activating the second light-source combination by replacing the second light source having
the reduction in current flow with the third light source, wherein said replacing comprises
connecting the third light source to the current driver;

wherein the switching device is configured for switching between the first light-source
combination and the third light-source combination by at least causing another reduction in current
flow through the second light source included in the first light-source combination and connecting
the fourth light source to the current driver,

wherein the switching device is configured for switching between the second light-source
combination and the third light-source combination by at least disconnecting the connecting the
third light source from the current driver and connecting the fourth light source to the current

driver.
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3. The lighting system of claim 1, wherein the device that provides or regulates the power

comprises a current driver.

4. The lighting system of claim 3, wherein a forward voltage differential between a forward
voltage of the second light source and a forward voltage of the third light source is sufficient to
cause, when the closed path exists between the third light source and the current driver, a larger
amount of current to flow through the third light source than the second light source, wherein a
combined lumen output of the first light source, the second light source, and the third light source
is within a threshold tolerance of the target lumen output

wherein an additional forward voltage differential between the forward voltage of the
second light source and a forward voltage of the fourth light source is sufficient to cause, when the
closed path exists between the fourth light source and the current driver, a larger amount of current
to flow through the fourth light source than the second light source, wherein a combined lumen
output of the first light source, the second light source, and the fourth light source is within the

threshold tolerance of the target lumen output.

5. The lighting system of claim 4, wherein the forward voltage differential is greater than or
equal to three volts, wherein the additional forward voltage differential is greater than or equal to

three volts.
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6. The lighting system of claim 4, wherein the forward voltage differential is less than three
volts and greater than or equal to one volt, wherein the additional forward voltage differential is

less than three volts and greater than or equal to one volt.

7. The lighting system of claim 3, wherein a forward voltage differential between a forward
voltage of the second light source and a forward voltage of the third light source is sufficient to
prevent, when the closed path exists between the third light source and the current driver, the
second light source from emitting light,

wherein an additional forward voltage differential between the forward voltage of the
second light source and a forward voltage of the fourth light source is sufficient to prevent, when
the closed path exists between the fourth light source and the current driver, the second light source

from emitting light.

8. The lighting system of claim 3, wherein each configuration of the switching device is
configured to allow current flow through the first light source and at least one other light source

from the set of light sources.

9. A lighting system comprising:
a first light-source combination comprising a first light source in series with a second light
source, wherein the first light-source combination is configured for emitting light at a first color

temperature;
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a second light-source combination comprising the second light source in series with a third
light source, wherein the second light-source combination is configured for emitting light at a
second color temperature different from the first color temperature;

a third light-source combination comprising the third light source in series with a fourth
light source; and

a switching device positioned (i) between the first light source and the second light source,
(i1) between the second light source and the third light source and (iii) between the third light
source and the fourth light source, the switching device having (i) a first configuration connecting
the first light source and the second light source, (ii) a second configuration connecting the second
light source and the third light source, a third configuration connecting the third light source and
the fourth light source,

wherein the first configuration of the switching device causes (i) a first open path between
the third light source and a current driver and (ii) a first closed path that includes the first light
source, the second light source, and the current driver,

wherein the second configuration of the switching device causes (i) a second open path
between the first light source and the current driver and (i1) a second closed path that includes the
second light source, the third light source, and the current driver,

wherein the third configuration of the switching device causes (i) a third open path between
the second light source and the current driver and (ii) a third closed path that includes the third

light source, the fourth light source, and the current driver.

10.  The lighting system of claim 9, wherein the switching device comprises at least one of:
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(1) a slide switch movable between a first position, a second position, and a third position,
wherein the first configuration comprises the slide switch being in the first position, wherein the
second configuration comprises the slide switch being in the second position, wherein the third
configuration comprises the slide switch being in the third position, or

(i1) a first transistor, a second transistor, and a third transistor, wherein the first
configuration comprises the first transistor being in an “on” state and the second and third
transistors being in an “off” state, wherein the second configuration comprises the first and third
transistors being in an “off” state and the second transistor being in an “on” state, wherein the third
configuration comprises the first and second transistors being in an “off” state and the third

transistor being in an “on” state.

11.  The lighting system of claim 9, wherein each of the first light-source combination, the
second light-source combination, and the third light-source combination is configured for emitting
light at a target lumen output common to the first light-source combination, the second light-source

combination, and the third light-source combination.
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