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LED LIGHTING THAT HAS CONTINUOUS 
AND ADJUSTABLE COLOR TEMPERATURE 
(CT), WHILE MAINTAINING A HIGH CRI 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to the ?eld of 
illumination devices formed of light-emitting diodes. In par 
ticular, the present invention is directed to a modular, standa 
lone, and multi-functional electronic and mechanical plat 
form for light-emitting diode (LED) lighting applications that 
has continuous and adjustable color temperature (CT) and 
can maintain a high CRI. 

BACKGROUND 

[0002] An LED is a semiconductor device that can produce 
an emission With a brilliant color and high ef?ciency in spite 
of its small siZe. In the past, LEDs have been applied mainly 
to display devices. For that reason, the use of LEDs as a light 
source for illumination purposes has not yet been researched 
and developed suf?ciently. 
[0003] In order to break into the lighting market, it is ben 
e?cial to present the market an illumination product that 
provides compelling motivation for use thereof. In particular, 
today’s LED solutions in the lighting market are very appli 
cation-speci?c and/or excessively cumbersome, i.e., too com 
plex mechanically and technically, to compel their general 
use. 

[0004] For example, in a typical LED solution, the LEDs 
therein dictate one or more printed circuit board designs and 
then the printed circuit board designs dictate the mechanical 
design. The resulting product is, therefore, limited because its 
design is suited for one application only, such as for a desk 
lamp or a ceiling light only. Its design speci?cations are not 
suitable for other lighting applications. Alternatively, a 
generic LED lighting product may be provided that is formed 
of separate components that require assembly, such as sepa 
rate electronics, separate poWer supplies, separate cabling, 
and a separate control system. Consequently, such a generic 
design is dif?cult to sell to a customer because it requires a 
highly technical understanding thereof, Which is overWhelm 
ing to the customer. Because it is not understood easily by a 
non-technical individual (e.g., customer), this generic LED 
lighting product is not likely to become a standard in the 
illumination market. For these reasons, a need exists for a 
generic LED lighting product that provides ease of use for a 
non-technical individual and that is multi-functional, in order 
to provide a LED lighting product that is accepted readily into 
the lighting market and that is suitable for multiple lighting 
applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 illustrates a chromaticity diagram; 
[0006] FIG. 2A illustrates a schematic diagram of a mul 
tiple-in-1 (MIO) LED (3-in-1) device in accordance With an 
embodiment of the invention; 
[0007] FIG. 2B illustrates a top vieW of the MIO-LED 
(3-in-1) device as depicted in FIG. 2A; 
[0008] FIG. 2C illustrates a cross-sectional vieW of the 
MIO-LED (3-in-1) device as depicted in FIG. 2A; 
[0009] FIG. 3A illustrates a schematic diagram of a MIO 
LED (4-in-1) device of another embodiment of the invention. 
[0010] FIG. 3B illustrates a top vieW of the MIO-LED 
(4-in-1) device of as depicted in FIG. 3A; and 
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[0011] FIG. 3C illustrates a cross-sectional vieW of the 
MIO-LED (4-in-1) device as depicted in FIG. 3A; 
[0012] FIG. 4 illustrates a functional block diagram of an 
LED module system, in accordance With the invention; 
[0013] FIG. 5 illustrates a perspective front vieW of a modu 
lar LED device, Which houses the LED module system of 
FIG. 4; 
[0014] FIG. 6 illustrates a perspective back vieW of the 
modular LED device, Which houses the LED module system 
of the present invention; 
[0015] FIGS. 7A and 7B illustrate a ?rst and second per 
spective vieW, respectively, of a PCB assembly for forming 
the LED module system of the present invention; 
[0016] FIG. 8 illustrates an exploded vieW of modular LED 
device, Which houses the LED module system of the present 
invention; 
[0017] FIG. 9 illustrates a cross-sectional vieW of modular 
LED device, Which houses the LED module system of the 
present invention; 
[0018] FIG. 10 illustrates a front vieW of a housing/heatsink 
of the modular LED device that houses the LED module 
system of the present invention; 
[0019] FIG. 11 illustrates an exemplary LED con?guration 
of the LED module system of the present invention; 
[0020] FIG. 12 illustrates a How diagram of a method of 
operating the LED module system of the present invention; 
and 
[0021] FIG. 13 illustrates an LED circuit for increased e?i 
ciency. 
[0022] FIG. 14 illustrates a con?guration of the modular 
LED device Where a secondary coupler provides poWer 
thereto via induction. 
[0023] FIG. 15 shoWs a con?guration Where a DC poWer 
source provides poWer to an external primary coupler. 
[0024] FIG. 17 shoWs an inductive poWer supplier; 2010 
may incorporate additional circuitry con?gured to detect the 
position of the light source in a string. 
[0025] FIG. 18 shoWs a common rail that supplies high 
frequency poWer directly to a primary coupler. 
[0026] FIG. 19 shoWs a common rail that supplies mains 
poWer (AC) or DC poWer indirectly to a primary coupler. 

SUMMARY OF SOME EMBODIMENTS OF 
INVENTION 

[0027] One embodiment of the present invention is a Light 
Emitting Diode, LED, module lighting system (100) com 
prising: 

[0028] tWo or more multiple-in-one, MIO, LED devices 
(120), each MIO-LED device (120) comprising at least 
three LEDs (212, 214, 216, 312, 314, 316, 318) together 
in a housing body (210, 310) Wherein: 
[0029] a) the light emitting parts of said at least three 
LEDs are encapsulated in and connected by a solid, 
transparent material, and 

[0030] b) said at least three LEDs (212, 214,216, 312, 
314, 316, 318) each emit a different colour of light, 
Whereby each colour is selected from the group con 
sisting of blue, red, green yelloW, orange, cyan, 
purple, White and magenta, 

[0031] a digital signal processor, DSP (112), and 
[0032] a digital to analogue converter, DAC, (124) for 

each LED (212, 214, 216,312,314, 316, 318)or a set of 
LEDs, Wherein the system is con?gured so that signals 
from the DSP (112) regulate the overall colour and 
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brightness of light emitted by the MlO-LED devices 
(120) by controlling the power applied to each LED 
(212, 214, 216, 312, 314, 316, 318) or set of LEDs 
through the DAC. 

[0033] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein the 
solid, transparent material comprises at least one phosphor 
material (228) that is activated by light emitted from one or 
more of said LEDs, so producing light having a spectrum 
broader than that emitted by said activating LED. 
[0034] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein the 
phosphor material (228) comprises one or more of the phos 
phors listed in Tables 1, 2 or 3, or an optical brighteners. 
[0035] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein: 
[0036] at least one LED in a MlO-LED (120) device emits 

blue light, and 
[0037] phosphor material (228) is yttrium-aluminum-gar 

net, YAG, phosphor. 
[0038] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein said 
DSP (112) is con?gured to control the poWer applied to each 
LED (212, 214, 216, 312, 314, 316, 318) or set ofLEDs, such 
that the colour and brightness of light emitted is the same for 
each MlO-LED device (120). 
[0039] Another embodiment of the present invention is an 
LED module system (100) as described above, further com 
prising a pulse Width modulator, PWM, sWitch (126) for 
controlling the poWer applied to each LED (212, 214, 216, 
312, 314, 316, 318) or a set of LEDs, using signals from the 
DSP (112). 
[0040] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein the 
DSP is con?gured to control the PWM sWitch (126) to adjust 
the poWer supplied to tWo or more LEDs of the same colour 
present in separate MlO-LED devices (120), When said tWo or 
more LEDs emit different shades of said colour. 
[0041] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein the 
DSP is con?gured to control the DAC to adjust the poWer 
supplied to tWo or more LEDs of the same colour present in 
separate MlO-LED devices (120), When said tWo or more 
LEDs emit different shades of said colour. 
[0042] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein said 
tWo or more LEDs of the same colour have not been grouped 
by binning. 
[0043] Another embodiment of the present invention is an 
LED module system (100) as described above, further com 
prising one or more temperature sensors (130) con?gured to 
provide temperature information of the module to the DSP 
(112). 
[0044] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein the 
DSP (112) is con?gured to control of the poWer applied to 
each LED (212, 214, 216, 312, 314, 316, 318) or set ofLEDs 
of an MlO-LED device (120) based on temperature informa 
tion received from the temperature sensors (130), such that 
the colour and brightness of light emitted from each MIO 
LED device (120) is maintained Where there are changes in 
temperature. 
[0045] Another embodiment of the present invention is an 
LED module system (100) as described above, further com 
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prising one or more air cooling fan (260), con?gured to cool 
at least some ofthe LEDs (212, 214, 216, 312,314,316, 318). 
[0046] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein said 
DSP (112) is con?gured to control poWer to the fan (260) 
based on temperature information received from the tempera 
ture sensors (130). Another embodiment of the present inven 
tion is an LED module system (100) as described above, 
Wherein the DSP (112) is con?gured, such that the colour and 
brightness of light emitted from each MlO-LED device (120) 
is maintained Where there are changes in temperature. 

[0047] Another embodiment of the present invention is an 
LED module system (100) as described above, further com 
prising one or more netWork interfaces (114) con?gured to 
signals to the DSP (112), alloWing an external control. 
[0048] Another embodiment of the present invention is an 
LED module system (100) as described above, further com 
prising one or more IR sensors (114) con?gured provide to 
signals to the DSP (112), alloWing an external control. 
[0049] Another embodiment of the present invention is an 
LED module system (100) as described above, further com 
prising a poWer supply (116) con?gured to supply poWer to 
the LEDs (212, 214, 216, 312, 314, 316, 318) and other 
components. 
[0050] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein said 
poWer supply (116) has a plurality of DC voltage outputs, 
each providing a different voltage to match the rating voltage 
for a colour-emitting LED (212,214, 216, 312,314, 316, 318). 
[0051] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein said 
poWer supply (116) is con?gured to adapt it’s output level, for 
at least one colour dependent, on the required light output, 
controlled by the DSP. 
[0052] Another embodiment of the present invention is an 
LED module system (100) as described above, further com 
prising a secondary induction coupler (2005), Which provides 
poWer to the poWer supply (116) by electromagnetic induc 
tion from a primary induction coupler (2006). 
[0053] Another embodiment of the present invention is an 
LED module system (100) as described above, further com 
prising a memory storage device (128) con?gured to provide 
data to the DSP (112) regarding colour and/or brightness 
compensation information of each MlO-LED device (120). 
[0054] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein the 
DSP (112) is con?gured to continuously monitor the poWer 
supplied to each LED (212, 214, 216) in order to maintain the 
colour and brightness provided by each MlO-LED device 
(120). 
[0055] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein the 
colour and brightness are maintained according to relation 
ships betWeen current and colour behavior, and/or light out 
put vs. temperature data. 

[0056] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein said 
relationships are stored as data Within storage device (128) 
Where present. 
[0057] Another embodiment of the present invention is an 
LED module system (100) as described above, Wherein the 
colour temperature, CT, of the emitted light is adjustable. 
































