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(54) Color-temperature adjustable lighting device

(57) A color-temperature adjustable lighting device
includes a lighting part and a switching part. The lighting
part at least includes a first light emitting diode unit for
outputting light with a first color temperature and a second
light emitting diode unit for outputting light with a second

color temperature. The switching part is coupled with a
power source. By changing the number of times the
switching part is turned on, the light with desired color
temperature and luminance is produced by the lighting
part according to the user’s requirements.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a lighting de-
vice, and more particularly to a color-temperature adjust-
able lighting device.

BACKGROUND OF THE INVENTION

[0002] Inrecentyears, light emitting diodes (LEDs) are
widely used in daily lives because of many benefits and
advantages such as power-saving efficacy. Until now,
LEDs are widely used in many aspects such as display
screens, household electrical appliances, vehicle elec-
tronic components, lighting device, and the like. Take a
household lighting device using the LED as the light
source for example. In comparison with the conventional
incandescent lights and fluorescent lamps, LED has
shorter warm-up time, quicker response speed, smaller
size, longer life, higher power-saving efficacy, better
shock resistance, lower contamination, higher reliability
and higher productivity. With the maturity of the LED tech-
nology, LEDs will replace the conventional incandescent
lights and fluorescent lamps.

[0003] As known, the current lighting device using the
LED as the light source can produce light with a single
color temperature. That is, the color temperature of the
lightsourceis mainly dependent onthe LED ofthe lighting
device. In addition, the color temperature of the LED is
dependent on the fluorescent material contained in the
LED. The fluorescent material to be added to the LED of
the lighting device is determined before the LED is fab-
ricated. Unless the LED of the lighting device is replaced
with a new one, it is impossible to adjust the color tem-
perature of the light outputted from the light source during
the process of using the lighting device.

[0004] As known, it is inconvenient for the user to use
the conventional lighting device. For example, if the light
outputted from the LED has higher color temperature,
the light feels harsh and cold to the eyes of the user.
Since the color temperature of the light fails to be adjusted
by the user, the light may discomfort or hurt the user’s
eyes. That is, the operations of the conventional lighting
device are not user-friendly. Therefore, there is a need
of providing an improved lighting device to obviate the
drawbacks encountered from the prior art.

SUMMARY OF THE INVENTION

[0005] The presentinvention provides a color-temper-
ature adjustable lighting device for producing light with
adjustable color temperature and luminance by changing
the number of times a switching element is turned on.

[0006] In accordance with an aspect of the present in-
vention, there is provided a color-temperature adjustable
lighting device. The lighting device includes a light
source, a switching element and a driving device. The
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light source at least includes a first light emitting diode
unit for outputting light with a first color temperature and
a second light emitting diode unit for outputting light with
a second color temperature. The switching element is
coupled with a power source. The driving device is elec-
trically connected between the switching element and
the light source. According to a number of times the
switching element is turned on, the driving device gen-
erates afirst enabling signal to the first light emitting diode
unit and/or generates a second enabling signal to the
second light emitting diode unit. The first light emitting
diode unit provides a first luminance with the first color
temperature in response to the first enabling signal,
and/or the second light emitting diode unit provides a
second luminance with the second color temperature in
response to the second enabling signal.

[0007] In an embodiment, the driving device includes
a count controller and a driving circuit. The count con-
trolleris used for counting the number of times the switch-
ing element is turned on, thereby correspondingly out-
putting the first enabling signal to the first light emitting
diode unit and/or outputting the second enabling signal
to the second light emitting diode unit. The driving circuit
is used for driving illumination of the first light emitting
diode unit to provide the first luminance with the first color
temperature and/or driving illumination of the second light
emitting diode unit to provide the second luminance with
the second color temperature.

[0008] Inanembodiment, the count controller compris-
es a programmed micro controller or a flip-flop.

[0009] Inan embodiment, if the duration of the switch-
ing element in an off state exceeds a specified time pe-
riod, the number of times the switching element is turned
on is re-counted by the count controller.

[0010] Inanembodiment, the count controller includes
a capacitor for providing electricity to maintain a normal
operation of the count controller within the specified time
period.

[0011] In an embodiment, the count controller further
issues a light-adjusting signal according to the number
of times the switching element is turned on. The driving
device further includes a pulse width modulation control-
ler for receiving the light-adjusting signal and generating
a driving signal in response to the light-adjusting signal.
In response to the driving signal, the light source is driven
by the driving circuit to provide a corresponding lumi-
nance.

[0012] In an embodiment, the driving signal is a pulse
width modulation signal with a 100% duty cycle, a pulse
width modulation signal with an 80% duty cycle, a pulse
width modulation signal with a 75% duty cycle, a pulse
width modulation signal with a 60% duty cycle or a pulse
width modulation signal with a 50% duty cycle.

[0013] Inanembodiment, if the first luminance and the
second luminance are identical, the first light emitting di-
ode unit and the second light emitting diode unit are si-
multaneously driven in response to the driving signal.
Whereas, if the first luminance and the second luminance
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are different, either the first light emitting diode unit or
the second light emitting diode unit is driven in response
to the driving signal.

[0014] In an embodiment, the lighting device is used
in an indoor lighting application, and the lighting device
is a household lighting lamp, a commercial lighting lamp,
a reading lamp or a bedside lamp.

[0015] In an embodiment, the first light emitting diode
unit and the second light emitting diode unit collectively
include at least three light emitting diodes, and the light
emitting diodes are symmetrically arranged with respect
to a symmetry axis, so that every two light emitting diodes
symmetrically arranged at opposite sides of the symme-
try axis output light with the same color temperature. The
light emitting diodes of a light emitting diode arrangement
group at each side of the symmetry axis are divided into
at least two light emitting diode arrangement subgroups,
wherein every two adjacent light emitting diodes of each
light emitting diode arrangement subgroup output light
with different color temperatures.

[0016] In an embodiment, the light emitting diodes of
each light emitting diode arrangement subgroup are lin-
early or non-linearly arranged.

[0017] In an embodiment, every two adjacent light
emitting diodes arranged at a periphery of the light emit-
ting diodes output light with different color temperatures.
[0018] In an embodiment, the first light emitting diode
unit and the second light emitting diode unit collectively
include at least three light emitting diodes. If the light
emitting diodes are arranged in an array, every two ad-
jacent light emitting diodes output light with different color
temperatures. Whereas, if the light emitting diodes are
arranged in a non-array, the light emitting diodes are di-
vided into at least two light emitting diode arrangement
groups, all light emitting diodes of each light emitting di-
ode arrangement group are linearly arranged, and every
two adjacent light emitting diodes of each light emitting
diode arrangement group output light with different color
temperatures.

[0019] In an embodiment, every two light emitting di-
ode arrangement groups are parallel with each other or
not parallel with each other, and/or every two adjacent
light emitting diodes arranged at a periphery of the light
emitting diodes output light with different color tempera-
tures.

[0020] In an embodiment, the light emitting diodes are
symmetrically arranged with respect to a symmetry axis,
so that every two light emitting diodes symmetrically ar-
ranged at opposite sides of the symmetry axis output
light with the same color temperature.

[0021] In accordance with another aspect of the
present invention, there is provided a color-temperature
adjustable lighting device. The lighting device includes a
lighting part and a switching part. The lighting part at least
includes a first light emitting diode unit, a second light
emitting diode unit and a driving device. The first light
emitting diode unit is used for outputting light with a first
color temperature. The second light emitting diode unit

10

15

20

25

30

35

40

45

50

55

is used for outputting light with a second color tempera-
ture. The driving device is used for driving illumination of
the first light emitting diode unit to provide a first lumi-
nance with the first color temperature and/or driving illu-
mination of the second light emitting diode unit to provide
the second luminance with the second color temperature.
The switching part is coupled with a power source and
electrically connected with the lighting part. By turning
on the switching part for a specified number of times, the
first luminance with the first color temperature, the sec-
ond luminance with the second color temperature or a
third luminance with a combination of the first color tem-
perature and the second color temperature is selectively
outputted from the lighting part.

[0022] In an embodiment, the driving device includes
a count controller and a driving circuit. The count con-
trolleris used for counting the number of times the switch-
ing partis turned on, thereby outputting the first enabling
signal to the first light emitting diode unit and/or outputting
the second enabling signal to the second light emitting
diode unit. The driving circuit is used for driving illumina-
tion of the first light emitting diode unit to provide the first
luminance with the first color temperature and/or driving
illumination of the second light emitting diode unit to pro-
vide the second luminance with the second color tem-
perature. The first light emitting diode unit provides the
first luminance with the first color temperature in re-
sponse to the first enabling signal, and/or the second
light emitting diode unit provides the second luminance
with the second color temperature in response to the sec-
ond enabling signal.

[0023] Inanembodiment, the count controller includes
a programmed micro controller or a flip-flop.

[0024] In an embodiment, if the duration of the switch-
ing part in an off state exceeds a specified time period,
the number of times the switching element is turned on
is re-counted by the count controller.

[0025] Inanembodiment, the count controller includes
a capacitor for providing electricity to maintain a normal
operation of the count controller within the specified time
period.

[0026] In an embodiment, the count controller further
issues a light-adjusting signal according to the number
oftimes the switching partis turned on. The driving device
further includes a pulse width modulation controller for
receiving the light-adjusting signal and generating a driv-
ing signal in response to the light-adjusting signal. In re-
sponse to the driving signal, the lighting part is driven by
the driving circuit to provide a corresponding luminance.
[0027] In an embodiment, the driving signal is a pulse
width modulation signal with a 100% duty cycle, a pulse
width modulation signal with an 80% duty cycle, a pulse
width modulation signal with a 75% duty cycle, a pulse
width modulation signal with a 60% duty cycle or a pulse
width modulation signal with a 50% duty cycle.

[0028] Inanembodiment, if the first luminance and the
second luminance are identical, the first light emitting di-
ode unit and the second light emitting diode unit are si-
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multaneously driven in response to the driving signal.
Whereas, if the first luminance and the second luminance
are different, either the first light emitting diode unit or
the second light emitting diode unit is driven in response
to the driving signal.

[0029] In an embodiment, the lighting device is used
in an indoor lighting application, and the lighting device
is a household lighting lamp, a commercial lighting lamp,
a reading lamp or a bedside lamp.

[0030] In an embodiment, the first light emitting diode
unit and the second light emitting diode unit collectively
include at least three light emitting diodes, and the light
emitting diodes are symmetrically arranged with respect
to a symmetry axis, so that every two light emitting diodes
symmetrically arranged at opposite sides of the symme-
try axis output light with the same color temperature. The
light emitting diodes of a light emitting diode arrangement
group at each side of the symmetry axis are divided into
at least two light emitting diode arrangement subgroups,
wherein every two adjacent light emitting diodes of each
light emitting diode arrangement subgroup output light
with different color temperatures.

[0031] In an embodiment, the light emitting diodes of
each light emitting diode arrangement subgroup are lin-
early or non-linearly arranged.

[0032] In an embodiment, every two adjacent light
emitting diodes arranged at a periphery of the light emit-
ting diodes output light with different color temperatures.
[0033] In an embodiment, the first light emitting diode
unit and the second light emitting diode unit collectively
include at least three light emitting diodes. If the light
emitting diodes are arranged in an array, every two ad-
jacent light emitting diodes output light with different color
temperatures. Whereas, if the light emitting diodes are
arranged in a non-array, the light emitting diodes are di-
vided into at least two light emitting diode arrangement
groups, all light emitting diodes of each light emitting di-
ode arrangement group are linearly arranged, and every
two adjacent light emitting diodes of each light emitting
diode arrangement group output light with different color
temperatures.

[0034] In an embodiment, every two light emitting di-
ode arrangement groups are parallel with each other or
not parallel with each other, and/or every two adjacent
light emitting diodes arranged at a periphery of the light
emitting diodes output light with different color tempera-
tures.

[0035] In an embodiment, the light emitting diodes are
symmetrically arranged with respect to a symmetry axis,
so that every two light emitting diodes symmetrically ar-
ranged at opposite sides of the symmetry axis output
light with the same color temperature.

[0036] The above objects and advantages of the
present invention will become more readily apparent to
those ordinarily skilled in the art after reviewing the fol-
lowing detailed description and accompanying drawings,
in which:
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a schematic functional block diagram
illustrating a color-temperature adjustable lighting device
according to an embodiment of the present invention;
[0038] FIG.2schematicallyillustrating a first exempla-
ry lighting circuit of the color-temperature adjustable light-
ing device of FIG. 1;

[0039] FIG. 3 schematically illustrating a second ex-
emplary lighting circuit of the color-temperature adjusta-
ble lighting device of FIG. 1;

[0040] FIG. 4 is schematic timing waveform diagram
illustrating operations of the first exemplary lighting circuit
of FIG. 2;

[0041] FIG. 5 is schematic timing waveform diagram
illustrating operations of the lighting circuit of FIG. 3;
[0042] FIG. 6 schematically illustrates an operating in-
terface of the color-temperature adjustable lighting de-
vice according to an embodiment of the present inven-
tion;

[0043] FIG. 7 schematically illustrates a reading lamp
using the operating interface of FIG. 6;

[0044] FIG.8schematicallyillustrates afirstexemplary
arrangement of the LEDs of the light source used in the
lighting device of the present invention;

[0045] FIG. 9 schematicallyillustrates a second exem-
plary arrangement of the LEDs of the light source used
in the lighting device of the present invention; and
[0046] FIG. 10 schematically illustrates a third exem-
plary arrangement of the LEDs of the light source used
in the lighting device of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0047] FIG. 1 is a schematic functional block diagram
illustrating a color-temperature adjustable lighting device
according to an embodiment of the present invention.
FIG. 2 schematically illustrating a first exemplary lighting
circuit of the color-temperature adjustable lighting device
of FIG. 1. FIG. 3 schematically illustrating a second ex-
emplary lighting circuit of the color-temperature adjusta-
ble lighting device of FIG. 1.

[0048] Please refer to FIGS. 1, 2 and 3. The lighting
device 1 comprises a switching element 11, a driving
device 12 and a light source 13. The light source 13 com-
prises at least a first LED unit 131 and at least a second
LED unit 132. The first LED unit 131 is configured for
outputting light with a first color temperature, and the sec-
ond LED unit 132 is configured for outputting light with a
second color temperature. In the first and second exem-
plary lighting circuits, the light with the first color temper-
ature is cold white light with a color temperature of 6000K,
and the light with the second color temperature is warm
white light with a color temperature of 3000K. Moreover,
the switching element 11 is coupled with a power source
2, and the driving device 12 is electrically connected be-
tween the switching element 11 and the light source 13.
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In a case that the switching element 11 is turned on, the
electricity provided by the power source 2 will allow the
driving device 12 to drive illumination of the first LED unit
131 and/or the second LED unit 132. Whereas, in a case
that the switching element 11 is turned off, the power
source 2 fails to provide electricity to the driving device
12, and thus the first LED unit 131 and the second LED
unit 132 go off.

[0049] The driving device 12 comprises a count con-
troller 121, a pulse width modulation controller 122, a
driving circuit 123, a bridge rectifier 124 and atransformer
unit 125. In a case that the switching element 11 is turned
on, an AC voltage from the power source 2 is converted
into a DC voltage by the bridge rectifier 124, and the DC
voltage is transmitted to associated components of the
driving device 12. Moreover, according to the number of
times the switching element 11 is turned on, the driving
device 12 correspondingly generates a first enabling sig-
nal to the first LED unit 131 and/or generates a second
enabling signal the second LED unit 132. In response to
the first enabling signal, the first LED unit 131 provides
a first luminance with a first color temperature. Whereas,
in response to the second enabling signal, the second
LED unit 132 provides a second luminance with a second
color temperature.

[0050] In the first exemplary lighting circuit, the count
controller 121 comprises a flip-flop 1211 with a first pin
Q1 and asecond pin Q2. The count controller 121 is used
for counting the number of times the switching element
11 is turned on. According to the number of times the
switching element 11 is turned on, only the first enabling
signalis outputted from the first pin Q1, or only the second
enabling signal is outputted from the second pin Q2, or
both the first enabling signal and the second enabling
signal are respectively outputted from the first pin Q1 and
the second pin Q2. Moreover, the driving circuit 123 com-
prises a driving controller 1231, a photo coupler 1232, a
capacitor C5 and a plurality of resistors R4~R6. After the
switching element 11 is turned on, the pulse width mod-
ulation controller 122 outputs a pulse width modulation
signal with a specified duty cycle to the driving circuit
123. In response to the pulse width modulation signal
pulse width modulation signal, the driving device 12
drives illumination of the first LED unit 131 to provide the
first luminance with the first color temperature and/or
drives illumination of the second LED unit 132 to provide
the second luminance with the second color temperature.
[0051] Moreover, the driving controller 1231 of the driv-
ing circuit 123 is a constant voltage and constant current
controller. By the driving controller 1231, the photo cou-
pler 1232 and the resistors R4~R6 of the driving circuit
123 and the photo coupler 1222 of the pulse width mod-
ulation controller 122, the driving device 12 can output
constant voltage and constant current while preventing
from causing the over-voltage and over-current prob-
lems.

[0052] The count controller 121 further comprises a
capacitor C7. In a case that the switching element 11 is
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turned off, the capacitor C7 can provide electricity to the
flip-flop 1211 for a specified time period, so that the flip-
flop 1211 is able to normally operate for the specified
time period. The specified time period is determined ac-
cording to the specification of the capacitor C7. That is,
if the duration of the switching element 11 in the off state
is longer than the specified time period, the flip-flop 1211
is disabled and fails to perform the counting task. Until
the switching element 11 is turned on again, the count
controller 121 re-counts the number of times the switch-
ing element 11 is turned on.

[0053] FIG. 4 is schematic timing waveform diagram
illustrating operations of the first exemplary lighting circuit
of FIG. 2. As shown in FIG. 4, the pulse width modulation
controller 122 outputs a pulse width modulation signal
with a 100% duty cycle after the switching element 11 is
turned on. Itis noted that the duty cycle of the pulse width
modulation signal is not limited to 100%.

[0054] Ina case thatthe switching element 11 is turned
on at the first time, the first enabling signal is outputted
from the first pin Q1 of the flip-flop 1211 to the first LED
unit 131. In response to the first enabling signal, the first
LED unit 131 is driven to illuminate by 100% power, so
that the lighting device 1 provides the first luminance with
the first color temperature.

[0055] Moreover, in a case that the switching element
11 is turned off to be in the off state for the time duration
shorter than the specified time period (i.e. the time inter-
val Td between successive pulses of two switching ac-
tions is shorter than the specified time period) and then
turned on at the second time, the second enabling signal
is outputted from the second pin Q2 of the flip-flop 1211
to the second LED unit 132. In response to the second
enabling signal, the second LED unit 132 is driven to
illuminate by 100% power, so that the lighting device 1
provides the second luminance with the second color
temperature.

[0056] Moreover, in a case that the switching element
11 is turned off again to be in the off state for the time
duration shorter than the specified time period and then
turned on at the third time, the first enabling signal is
outputted from the first pin Q1 of the flip-flop 1211 to the
first LED unit 131 and the second enabling signal is out-
putted from the second pin Q2 of the flip-flop 1211 to the
second LED unit 132. In response to the first enabling
signal and the second enabling signal, the first LED unit
131 and the second LED unit 132 are simultaneously
driven to illuminate by 100% power. That is, each of the
first LED unit 131 and the second LED unit 132 is driven
by 50% power. Under this circumstance, the lighting de-
vice 1 provides a third luminance with a third color tem-
perature, which is the combination of the first color tem-
perature and the second color temperature. Since the
first LED unit 131 and the second LED unit 132 of the
first exemplary lighting circuit are uniformly distributed,
the light with the third color temperature is pure white
light with a color temperature of 4500K.

[0057] In this embodiment, only the first LED unit 131
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is driven by 100% power, or only the second LED unit
132 is driven by 100%, or the first LED unit 131 and the
second LED unit 132 are simultaneously driven to illumi-
nate by 100% power. In other words, the first luminance,
the second luminance and the third luminance are equal.
In the lighting circuit of this embodiment, only the color
temperature can be adjusted, but the luminance fails to
be adjusted. Consequently, the lighting circuit needs to
be further improved. Hereinafter, the lighting device ca-
pable of adjusting the color temperature and the lumi-
nance will be illustrated with reference to a second ex-
emplary lighting circuit.

[0058] In the second exemplary lighting circuit, the
countcontroller 121 comprises a programmed micro con-
troller 1212. The micro controller 1212 has a trigger pin
Pin, a first pin P1, a second pin P2 and an output pin
Pout. The trigger pin Pin is triggered once whenever the
switching element 11 is turned on once. In such way, the
number of times the switching element 11 is turned on
will be counted. Moreover, according to the number of
times the trigger pin Pin is triggered, only a first enabling
signal is outputted from the first pin P1 of the micro con-
troller 1212, or only a second enabling signal is outputted
from the second pin P2 of the micro controller 1212, or
both the first enabling signal and the second enabling
signal are respectively outputted from the first pin P1 and
the second pin P2 of the micro controller 1212.

[0059] Moreover, according to the number of times the
trigger pin Pin is triggered, the micro controller 1212 is-
sues a light-adjusting signal to pulse width modulation
controller 122. According to the light-adjusting signal, the
pulse width modulation controller 122 issues a driving
signal to the driving circuit 123, wherein the driving circuit
123 comprises a driving controller 1231, a photo coupler
1232, a capacitor C5 and a plurality of resistors R4~R6.
In response to the pulse width modulation signal pulse
width modulation signal, the driving device 12 drives il-
lumination of the first LED unit 131 to provide the first
luminance with the first color temperature and/or drives
illumination of the second LED unit 132 to provide the
second luminance with the second color temperature.
[0060] The functions and operating principles of the
driving controller 1231 of the driving circuit 123 and the
capacitor C7 of the count controller 121 of the second
exemplary lighting circuit are similar to those of the first
exemplary lighting circuit, and are not redundantly de-
scribed herein.

[0061] FIG. 5 is schematic timing waveform diagram
illustrating operations of the lighting circuit of FIG. 3. In
a case that the switching element 11 is turned on at the
first time, the trigger pin Pin of the micro controller 1212
is triggered at the first time. Consequently, the first ena-
bling signal is outputted from the first pin P1 of the micro
controller 1212 to the first LED unit 131, and a first light-
adjusting signal is outputted from the output pin Pout of
the micro controller 1212 to the pulse width modulation
controller 122. In response to the first light-adjusting sig-
nal, the pulse width modulation controller 122 issues a
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driving signal to the driving circuit 123. In this situation,
the driving signal is a pulse width modulation signal with
a 100% duty cycle. Consequently, the first LED unit 131
is driven to illuminate by 100% power, so that the lighting
device 1 provides a first luminance with a first color tem-
perature.

[0062] Moreover, in a case that the switching element
11 is turned off to be in the off state for the time duration
shorter than the specified time period (i.e. the time inter-
val Td between successive pulses of two switching ac-
tions is shorter than the specified time period) and then
turned on at the second time, the number of times the
trigger pin Pin of the micro controller 1212 is triggered is
accumulated as 2. Consequently, the second enabling
signal is outputted from the second pin P2 of the micro
controller 1212 to the second LED unit 132. In addition,
a second light-adjusting signal is outputted from the out-
put pin Pout of the micro controller 1212 to the pulse
width modulation controller 122. In response to the sec-
ond light-adjusting signal, the pulse width modulation
controller 122 issues a driving signal to the driving circuit
123. In this situation, the driving signal is a pulse width
modulation signal with a 75% duty cycle. Consequently,
the second LED unit 132 is driven to illuminate by 75%
power, so that the lighting device 1 provides a second
luminance with a second color temperature.

[0063] Moreover, in a case that the switching element
11 is turned off again to be in the off state for the time
duration shorter than the specified time period and then
turned on at the third time, the number of times the trigger
pin Pin of the micro controller 1212 is triggered is accu-
mulated as 3. Consequently, the first enabling signal is
outputted from the first pin P1 of the micro controller 1212
to the first LED unit 131, and the second enabling signal
is outputted from the second pin P2 of the micro controller
1212 to the second LED unit 132. In addition, a third light-
adjusting signal is outputted from the output pin Pout of
the micro controller 1212 to the pulse width modulation
controller 122. In response to the third light-adjusting sig-
nal, the pulse width modulation controller 122 issues a
driving signal to the driving circuit 123. In this situation,
the driving signal is a pulse width modulation signal with
a 60% duty cycle. Consequently, the first LED unit 131
and the second LED unit 132 simultaneously driven to
illuminate by 60% power. That is, each of the first LED
unit 131 and the second LED unit 132 is driven by 30%
power. Under this circumstance, the lighting device 1 pro-
vides a third luminance with a third color temperature.
Since the first LED unit 131 and the second LED unit 132
of the second exemplary lighting circuit are uniformly dis-
tributed, the light with the third color temperature is pure
white light with a color temperature of 4500K.

[0064] Moreover, in a case that the switching element
11 is turned off again to be in the off state for the time
duration shorter than the specified time period and then
turned on at the fourth time, the number of times the
trigger pin Pin of the micro controller 1212 is triggered is
accumulated as 4. Consequently, the first enabling signal
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is outputted from the first pin P1 of the micro controller
1212 to the first LED unit 131, and a fourth light-adjusting
signal is outputted from the output pin Pout of the micro
controller 1212 to the pulse width modulation controller
122. In response to the fourth light-adjusting signal, the
pulse width modulation controller 122 issues a driving
signal to the driving circuit 123. In this situation, the driv-
ing signal is a pulse width modulation signal with an 80%
duty cycle. Consequently, the first LED unit 131 is driven
to illuminate by 80% power, so that the lighting device 1
provides a fourth luminance with the first color tempera-
ture.

[0065] Since each of the first luminance, the second
luminance, the third luminance and the fourth luminance
is in direct proportion to the driving power, the first lumi-
nance, the second luminance, the third luminance and
the fourth luminance are all different. It is noted that nu-
merous modifications and alterations may be made while
retaining the teachings of the invention. That is, before
the lighting device is introduced into the market, the driv-
ing power may be set according to the practical require-
ments. For example, depending on the practical applica-
tions, through the firmware of the programmed micro con-
troller 1212, the manufacture may set the driving power
given to the first LED unit 131 and/or the second LED
unit 132 by the driving device 12 according to the number
of times the switching element 11 is turned on.

[0066] The light source 13 of the lighting device 1 in
the above embodiments are illustrated by referring to a
first LED unit 131 for outputting light with a first color
temperature and a second LED unit 132 for outputting
light with a second color temperature. Nevertheless, the
light source 13 may further include other LED units for
outputting light with various color temperature. Conse-
quently, the lighting device 1 of the present invention can
provide diversified selections of color temperature and
luminance. The driving principles and concepts of the
variants are similar to those mentioned above, and are
not redundantly described herein.

[0067] Moreover, the lighting device 1 of the present
invention can be applied to an indoor lighting application.
An example of the lighting device 1 includes but is not
limited to a household lighting lamp, a commercial light-
ing lamp, a reading lamp or a bedside lamp.

[0068] Hereinafter, the applications of the lighting de-
vice of the present invention will be illustrated with refer-
ence to FIGS. 6 and 7. FIG. 6 schematically illustrates
an operating interface of the color-temperature adjusta-
ble lighting device according to an embodiment of the
presentinvention. FIG. 7 schematically illustrates a read-
ing lamp using the operating interface of FIG. 6. As shown
in FIG. 6, the operating interface 14 comprises a switch-
ing part 141. The switching part 14 is for example a
switching element 11 that is installed on an indoor wall.
Alternatively, as shown in FIG. 7, the switching part 14
is an original switching element of a reading lamp 3. By
pressing the switching part 14 to turn on the switching
element 11 and changing the number of times a switching
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element is turned on, the light with desired color temper-
ature and luminance is produced according to the user’'s
requirements or the surrounding requirements.

[0069] In some embodiments, the first LED unit 131
comprises a plurality of light emitting diodes (LEDs) for
outputting the light with the first color temperature, and
the second LED unit 132 also comprises a plurality of
light emitting diodes (LEDs) for outputting the light with
the second color temperature. However, if the LEDs of
an individual LED unit for outputting the light with the
same color temperature are very centralized, the light
with the first color temperature and the light with the sec-
ond color temperature may produce deteriorated light-
mixing efficacy. For effectively enhancing the quality of
the light with the third color temperature, it is preferred
that the LEDs for outputting light with different color tem-
peratures are uniformly distributed and arranged. Two
ways of uniformly arranging the LEDs with different color
temperatures will be illustrated in more details as follows.
[0070] A first way of uniformly arranging the LEDs with
different color temperatures is based on the following cri-
teria. In the light source 13 of the lighting device 1, all of
the LEDs are symmetrically arranged with respect to a
symmetry axis. In addition, every two LEDs which are
symmetrically arranged at opposite sides of the symme-
try axis may output light with the same color temperature.
Moreover, the LEDs of a LED arrangement group at each
side of the symmetry axis may be divided into at least
two LED arrangement subgroups. The LEDs of each LED
arrangement subgroup may be linearly or non-linearly
arranged. Moreover especially, every two adjacent LEDs
of each LED arrangement subgroup output light with dif-
ferent color temperatures.

[0071] More preferably, every two adjacent LEDs at
the periphery (i.e. at the outermost region) of all LEDs
output light with different color temperatures.

[0072] FIG.8schematicallyillustrates afirstexemplary
arrangement of the LEDs of the light source used in the
lighting device of the present invention. In FIG. 8, the
LED 1311 indicated by the symbol "W" may output the
light with the first color temperature, and the LED 1321
indicated by the symbol "C" may output the light with the
second color temperature. All of the LEDs 1311 and 1321
are symmetrically arranged with respect to a symmetry
axis 133. In addition, every two LEDs which are symmet-
rically arranged at opposite sides of the symmetry axis
133 output light with the same color temperature. For
example, as shown in FIG. 8, the two LEDs which are
denoted by the symbol "C" and marked by oblique lines
output light with the same color temperature. Moreover,
every group of LEDs at each side of the symmetry axis
133 may be divided into three LED arrangement sub-
groups G1, G2 and G3. For clarification, the LEDs be-
longing to the same LED arrangement subgroup are con-
nected by the same dashed line. In this embodiment, the
LEDs 1311 and 1321 of each LED arrangement sub-
group are in an S-shaped arrangement or an inverted S-
shaped arrangement, wherein every two adjacent LEDs
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of the same LED arrangement subgroup output light with
different color temperatures.

[0073] For more uniformly arranging the LEDs 1311
and 1321 of different color temperatures, every two ad-
jacent LEDs at the periphery (i.e. at the outermost region)
of all LEDs 1311 and 1321 output light with different color
temperatures. For clarification, the LEDs arranged at the
outermost region are connected by a dotted line. More-
over, in this embodiment, some LEDs 1311 and 1321 are
arranged along the symmetry axis 133, wherein every
two adjacent LEDs of the LEDs 1311 and 1321 along the
symmetry axis 133 output light with different color tem-
peratures. Alternatively, in some embodiments, the LEDs
1311 and 1321 arranged along the symmetry axis 133
may be exempted.

[0074] A second way of uniformly arranging the LEDs
with different color temperatures is based on the following
criteria. In the light source 13 of the lighting device 1, all
of the LEDs are arranged in an array or a non-array. In
acasethatall of the LEDs are arranged in an array, every
two adjacent LEDs output light with different color tem-
peratures. Whereas, in a case that all of the LEDs are
arranged in a non-array, these LEDs are divided into at
least two LED arrangement groups. All LEDs of each
LED arrangementgroup are linearly arranged. Moreover,
every two LED arrangement groups may be parallel with
each other, or not parallel with each other. Moreover es-
pecially, every two adjacent LEDs of each LED arrange-
ment group output light with different color temperatures.
[0075] More preferably, all of the LEDs are symmetri-
cally arranged with respect to a symmetry axis. In addi-
tion, every two LEDs which are symmetrically arranged
at opposite sides of the symmetry axis may output light
with the same color temperature. Moreover, every two
adjacent LEDs at the periphery (i.e. at the outermost re-
gion) of all LEDs output light with different color temper-
atures.

[0076] FIG.9schematicallyillustrates a second exem-
plary arrangement of the LEDs of the light source used
in the lighting device of the present invention. Similarly,
in FIG. 9, the LED 1311 indicated by the symbol "W" may
output the light with the first color temperature, and the
LED 1321 indicated by the symbol "C" may output the
light with the second color temperature. All of the LEDs
1311 and 1321 are arranged in an array of four rows and
five columns. Every two LEDs which output the light with
the first color temperature do not neighbor with each oth-
er, and every two LEDs which output the light with the
second color temperature do not neighbor with each oth-
er.

[0077] FIG. 10 schematically illustrates a third exem-
plary arrangement of the LEDs of the light source used
in the lighting device of the present invention. Similarly,
in FIG. 10, the LED 1311 indicated by the symbol "W"
may output the light with the first color temperature, and
the LED 1321 indicated by the symbol "C" may output
the light with the second color temperature. In this em-
bodiment, all of the LEDs 1311 and 1321 are arranged
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in a non-array. These LEDs 1311 and 1321 are divided
into six LED arrangement groups K1~K7. For clarifica-
tion, the LEDs belonging to the same LED arrangement
group are connected by the same dashed line. In this
embodiment, the LEDs of each LED arrangement group
are in a linear arrangement, and every two LED arrange-
ment groups are parallel with each other, wherein every
two adjacent LEDs of the same LED arrangement group
output light with different color temperatures.

[0078] For more uniformly arranging the LEDs 1311
and 1321 of different color temperatures, every two ad-
jacent LEDs at the periphery (i.e. at the outermost region)
of all LEDs 1311 and 1321 output light with different color
temperatures. For clarification, the LEDs arranged at the
outermost region are connected by a dotted line. More-
over, in this embodiment, all of the LEDs 1311 and 1321
are symmetrically arranged with respect to a symmetry
axis 133. In addition, every two LEDs which are symmet-
rically arranged at opposite sides of the symmetry axis
133 output light with the same color temperature. For
example, as shown in FIG. 8, the two LEDs which are
denoted by the symbol "C" and marked by oblique lines
output light with the same color temperature. Moreover,
in this embodiment, some LEDs 1311 and 1321 are ar-
ranged along the symmetry axis 133, wherein every two
adjacent LEDs of the LEDs 1311 and 1321 along the
symmetry axis 133 output light with different color tem-
peratures. Alternatively, in some embodiments, the LEDs
1311 and 1321 arranged along the symmetry axis 133
may be exempted.

[0079] Whiletheinvention has beendescribedinterms
of what is presently considered to be the most practical
and preferred embodiments, it is to be understood that
the invention needs not be limited to the disclosed em-
bodiment. On the contrary, itis intended to cover various
modifications and similar arrangements included within
the spirit and scope of the appended claims which are to
be accorded with the broadest interpretation so as to en-
compass all such modifications and similar structures.

Claims

1. Acolor-temperature adjustable lighting device, com-
prising:

alight source atleast comprising a first light emit-
ting diode unit for outputting light with a first color
temperature and a second light emitting diode
unit for outputting light with a second color tem-
perature;

a switching element coupled with a power
source; and

a driving device electrically connected between
said switching element and said light source,
wherein according to a number of times said
switching element is turned on, said driving de-
vice generates a first enabling signal to said first
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light emitting diode unit and/or generates a sec-
ond enabling signal to said second light emitting
diode unit,

wherein said first light emitting diode unit provides a
first luminance with said first color temperature in
response to said first enabling signal, and/or said
second light emitting diode unit provides a second
luminance with said second color temperature in re-
sponse to said second enabling signal.

The lighting device according to claim 1 wherein said
driving device comprises:

a count controller for counting said number of
times said switching elementis turned on, there-
by correspondingly outputting said first enabling
signal to said first light emitting diode unit and/or
outputting said second enabling signal to said
second light emitting diode unit; and

a driving circuit for driving illumination of said
first light emitting diode unit to provide said first
luminance with said first color temperature
and/or driving illumination of said second light
emitting diode unit to provide said second lumi-
nance with said second color temperature.

The lighting device according to claim 2 wherein said
count controller comprises a programmed micro
controller or a flip-flop, or wherein if the duration of
said switching element in an off state exceeds a
specified time period, said number of times said
switching element is turned on is re-counted by said
count controller, or wherein said count controller
comprises a capacitor for providing electricity to
maintain a normal operation of said count controller
within said specified time period.

The lighting device according to claim 2 wherein said
count controller further issues a light-adjusting signal
according to said number of times said switching el-
ement is turned on, and said driving device further
comprises a pulse width modulation controller for re-
ceiving said light-adjusting signal and generating a
driving signal in response to said light-adjusting sig-
nal, wherein in response to said driving signal, said
light source is driven by said driving circuit to provide
a corresponding luminance.

The lighting device according to claim 4 wherein said
driving signal is a pulse width modulation signal with
a 100% duty cycle, a pulse width modulation signal
with an 80% duty cycle, a pulse width modulation
signal with a 75% duty cycle, a pulse width modula-
tion signal with a 60% duty cycle or a pulse width
modulation signal with a 50% duty cycle, or wherein
if said first luminance and said second luminance
are identical, said first light emitting diode unit and
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10.

said second light emitting diode unit are simultane-
ously driven in response to said driving signal,
wherein if said first luminance and said second lu-
minance are different, either said first light emitting
diode unit or said second light emitting diode unit is
driven in response to said driving signal.

The lighting device according to claim 1 wherein said
lighting device is used in an indoor lighting applica-
tion, and said lighting device is a household lighting
lamp, a commercial lighting lamp, a reading lamp or
a bedside lamp.

The lighting device according to claim 1 wherein said
first light emitting diode unit and said second light
emitting diode unit collectively comprise at least
three light emitting diodes, and said light emitting
diodes are symmetrically arranged with respect to a
symmetry axis, so that every two light emitting diodes
symmetrically arranged at opposite sides of said
symmetry axis output light with the same color tem-
perature, wherein said light emitting diodes of a light
emitting diode arrangement group at each side of
said symmetry axis are divided into at least two light
emitting diode arrangement subgroups, wherein
every two adjacent light emitting diodes of each light
emitting diode arrangement subgroup output light
with different color temperatures.

The lighting device according to claim 7 wherein said
light emitting diodes of each light emitting diode ar-
rangement subgroup are linearly or non-linearly ar-
ranged, or wherein every two adjacent light emitting
diodes arranged at a periphery of said light emitting
diodes output light with different color temperatures.

The lighting device according to claim 1 wherein said
first light emitting diode unit and said second light
emitting diode unit collectively comprise at least
three light emitting diodes, wherein if said light emit-
ting diodes are arranged in an array, every two ad-
jacent light emitting diodes output light with different
color temperatures, wherein if said light emitting di-
odes are arranged in a non-array, said light emitting
diodes are divided into at least two light emitting di-
ode arrangement groups, all light emitting diodes of
each light emitting diode arrangement group are lin-
early arranged, and every two adjacent light emitting
diodes of each light emitting diode arrangement
group output light with different color temperatures.

The lighting device according to claim 9 wherein eve-
ry two light emitting diode arrangement groups are
parallel with each other or not parallel with each oth-
er, and/or every two adjacent light emitting diodes
arranged at a periphery of said light emitting diodes
output light with different color temperatures, or
wherein said light emitting diodes are symmetrically
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arranged with respect to a symmetry axis, so that
every two light emitting diodes symmetrically ar-
ranged at opposite sides of said symmetry axis out-
put light with the same color temperature.

11. Acolor-temperature adjustable lighting device, com-

prising:
a lighting part at least comprising:

a first light emitting diode unit for outputting
light with a first color temperature;

a second light emitting diode unit for output-
ting light with a second color temperature;
and

a driving device for driving illumination of
said first light emitting diode unit to provide
a first luminance with said first color tem-
perature and/or driving illumination of said
second light emitting diode unit to provide
said second luminance with said second
color temperature; and

a switching part coupled with a power source
and electrically connected with said lighting part,
wherein by turning on said switching part for a
specified number of times, said first luminance
with said first color temperature, said second lu-
minance with said second color temperature or
a third luminance with a combination of said first
color temperature and said second color tem-
perature is selectively outputted from said light-
ing part.

12. The lighting device according to claim 11 wherein

said driving device comprises:

a count controller for counting said number of
times said switching part is turned on, thereby
outputting said first enabling signal to said first
light emitting diode unit and/or outputting said
second enabling signal to said second light emit-
ting diode unit; and

a driving circuit for driving illumination of said
first light emitting diode unit to provide said first
luminance with said first color temperature
and/or driving illumination of said second light
emitting diode unit to provide said second lumi-
nance with said second color temperature,
wherein said first light emitting diode unit pro-
vides said first luminance with said first color
temperature in response to said first enabling
signal, and/or said second light emitting diode
unit provides said second luminance with said
second color temperature in response to said
second enabling signal.

13. The lighting device according to claim 11 wherein
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14.

15.

said count controller further issues a light-adjusting
signal according to said number of times said switch-
ing part is turned on, and said driving device further
comprises a pulse width modulation controller for re-
ceiving said light-adjusting signal and generating a
driving signal in response to said light-adjusting sig-
nal, wherein in response to said driving signal, said
lighting part is driven by said driving circuit to provide
a corresponding luminance, or wherein said driving
signalis a pulse width modulation signal with a 100%
duty cycle, a pulse width modulation signal with an
80% duty cycle, a pulse width modulation signal with
a 75% duty cycle, a pulse width modulation signal
with a 60% duty cycle or a pulse width modulation
signal with a 50% duty cycle, or wherein if said first
luminance and said second luminance are identical,
said first light emitting diode unit and said second
light emitting diode unit are simultaneously driven in
response to said driving signal, wherein if said first
luminance and said second luminance are different,
either said firstlight emitting diode unit or said second
light emitting diode unit is driven in response to said
driving signal.

The lighting device according to claim 11 wherein
said first light emitting diode unit and said second
light emitting diode unit collectively comprise at least
three light emitting diodes, and said light emitting
diodes are symmetrically arranged with respect to a
symmetry axis, so that every two light emitting diodes
symmetrically arranged at opposite sides of said
symmetry axis output light with the same color tem-
perature, wherein said light emitting diodes of a light
emitting diode arrangement group at each side of
said symmetry axis are divided into at least two light
emitting diode arrangement subgroups, wherein
every two adjacent light emitting diodes of each light
emitting diode arrangement subgroup output light
with different color temperatures.

The lighting device according to claim 11 wherein
said first light emitting diode unit and said second
light emitting diode unit collectively comprise at least
three light emitting diodes, wherein if said light emit-
ting diodes are arranged in an array, every two ad-
jacent light emitting diodes output light with different
color temperatures, wherein if said light emitting di-
odes are arranged in a non-array, said light emitting
diodes are divided into at least two light emitting di-
ode arrangement groups, all light emitting diodes of
each light emitting diode arrangement group are lin-
early arranged, and every two adjacent light emitting
diodes of each light emitting diode arrangement
group output light with different color temperatures.
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