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CHIP-ON-BOARD DESIGN WITH COLOR
MIXING

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. provisional patent
application No. 62/133,907 entitled “Chip-on-Board (CoB)

Design With Color Mixing,” filed Mar. 16, 20135, which 1s
hereby fully incorporated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present mvention generally relates to chip-on-board
(COB) light emitting diode (LED) architectures and more
particularly to COB LED architectures that incorporate both
red and blue LEDs.

Background

Current LED Chip-On-Board (COBs) architectures gen-
erate white light through the combination of blue LEDs and
phosphors. To achieve warm white light, red phosphors are
usually added to convert part of the blue light emitted from
blue LED into red light. However, the quantum conversion
elliciency of red phosphors 1s usually low and the cost of red
phosphors 1s high.

Therefore, what 1s needed 1s a lighting system that gen-
erates the red part of the warm white light that 1s more cost
cllective and more eflicient than using red phosphors to
generate the red part of warm whate light.

SUMMARY OF THE INVENTION

Accordingly, embodiments are directed to a lighting sys-
tem that can be used to generate the red part of the warm
white light in a more cost eflective and more eflicient way
than 1s done when using red phosphors to generate the red
part of warm white light. According to some embodiments
both red and blue LEDs are integrated into a COB lighting,
package to produce light at high quantum conversion efli-
ciency and at low cost.

Some embodiments of the disclosure provide a lighting
system 1ncludes several blue LEDs supported by the sub-
strate. The lighting system includes at least one red LED
supported by the substrate. The lighting system includes a
light conversion material covering the plurality of blue
LEDs and the at least one red LED.

Another embodiment of the disclosure includes a lighting
system including a substrate. The lighting system includes
several blue LEDs supported by the substrate. The lighting
system 1ncludes at least one red LED supported by the
substrate. The lighting system includes a light conversion
material covering the blue LEDs.

Another embodiment includes a lighting system including
several blue LEDs, each fabricated on corresponding one of
a plurality of first substrates. The lighting system includes a
red LED fabricated on a second substrate. The lighting
system includes a common substrate supporting the plurality
of blue LEDs and the red LED. The lighting system includes

a light conversion material covering the plurality of blue
LEDs and the red LED.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the mvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are 1ncor-
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2

porated 1n and constitute a part of this specification, 1llustrate
embodiments of the invention and together with the descrip-

tion serve to explain the principles of the mvention.

FIG. 1 illustrates a first exemplary COB design 1mncorpo-
rating blue and red LEDs.

FIG. 2 15 a plot showing the eflicacy (lumens/watt) of the
first exemplary COB design as a function of current per die
(milliamps).

FIG. 3A illustrates the light output of a lighting system
including first exemplary COB design when it 1s being
powered with 0.1 mA.

FIG. 3B illustrates the light output of the lighting system
including the first exemplary COB design when it 1s being
powered with 1.0 mA.

FIG. 4A illustrates the light output of a lighting system
using only blue LEDs and phosphor to generate white light.

FIG. 4B illustrates light output of the first exemplary COB
design light source, which uses both red and blue LEDs
along with phosphor to generate white light.

FIG. 5 1llustrates a second exemplary COB design incor-
porating blue and red LEDs.

FIG. 6 1s a plot showing color intensity for light emitted
by the first exemplary COB design of FIG. 1 and the second
exemplary COB design of FIG. § without a phosphor cover.

FIG. 7 1s a plot showing color intensity for light emitted
by the first exemplary COB design of FIG. 1 and the second
exemplary COB design of FIG. 5 with a phosphor cover.

FIGS. 8A-8C are side view illustrations of various exem-
plary apparatuses using the COB design.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1

Various aspects of the mnvention will be described herein
with reference to drawings that are schematic 1llustrations of
idealized configurations of the present invention. As such,
variations irom the shapes of the illustrations resulting from
manufacturing techniques, tolerances, etc., are to be
expected. Thus, the various aspects of the mvention pre-
sented throughout this disclosure should not be construed as
limited to the particular shapes of elements (e.g., regions,
layers, sections, substrates, etc.) illustrated and described
herein, but are to include deviations in shapes that result, for
example, from manufacturing. By way of example, an
clement illustrated or described as a rectangle may have
rounded or curved features and/or a gradient concentration
at 1ts edges rather than a discrete change from one element
to another.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
clement’s relationship to another element as 1llustrated in the
drawings. It will be understood that relative terms are
intended to encompass different orientations of an apparatus
in addition to the orientation depicted in the drawings. By
way of example, iI an apparatus in the drawings 1s turned
over, elements disclosed as being on the “lower” side of
other elements would then be oriented on the “upper” side
of the other elements. The term “lower” can therefore
encompass both an orientation of “lower” and “upper,”
depending on the particular orientation of the apparatus.
Similarly, 1 an apparatus in the drawing 1s turned over,
clements described as “below” or “beneath™ other elements
would then be oriented “above” the other elements. The
terms “below” or “beneath” can therefore encompass both
an orientation of above and below.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
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commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and this disclosure.

As used herein, the singular forms “a,” “an,” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprise,” “comprises,” and/or “com-
prising,” when used in this specification, specily the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
The term “and/or” includes any and all combinations of one
or more of the associated listed items.

Various disclosed aspects may be illustrated with refer-
ence to one or more exemplary configurations. As used
herein, the term “exemplary” means “serving as an example,
instance, or illustration,” and should not necessarily be
construed as preferred or advantageous over other configu-
rations disclosed herein.

Furthermore, various descriptive terms used herein, such
as “on” and “transparent,” should be given the broadest
meaning possible within the context of the present disclo-
sure. It will be understood that when an element such as a
region, layer, section, substrate, or the like, 1s referred to as
being “on” another element, it can be directly on the other
clement or intervening elements may also be present. In
contrast, when an element 1s referred to as being “directly
on” another element, there are no intervening clements
present. In addition, something that 1s described as being
“transparent”” should be understood as having a property that
allows no sigmificant obstruction or absorption of electro-
magnetic radiation in the particular wavelength (or wave-
lengths) of interest, unless a particular transmittance 1is
provided. It will be further understood that when an element
1s referred to as being “formed” on another element, 1t can
be grown, deposited, etched, attached, connected, coupled,
or otherwise prepared or fabricated on the other element or
an itervening element.

The following description relates to a lighting system that
utilizes a common substrate to support both red and blue
LEDs. The red and blue LEDs are covered by a same
phosphor. Such a configuration provides warm white light
output at a lower cost.

FIG. 1 illustrates a first exemplary COB design 100
incorporating blue and red LEDs. The first COB design 100
includes red LEDs 102 (6 shown), blue LEDs 104 (33
shown), contact pads 106 (4 shown), fiducials 108, (4
shown) test contact 110, and a substrate 112. The COB
design 100 may also include a phosphor cover over the
LEDs, which 1s not shown 1n this i1llustration for simplicity.
The red LEDs 102 and/or the blue LEDs 104 may be formed
on a transparent substrate. Such transparent substrates may
be made of silicon or sapphire.

The red LEDs 102 are surrounded by the blue LEDs 104.
The substrate 112 supports the red LEDs 102 and the blue
LEDs 104. In some embodiments of the COB, the substrate
112 1s a flexible substrate. The blue LEDs 104 are covered
with phosphor. In some embodiments the red LEDs 102 are
not covered with phosphor whereas in other embodiments
the red LEDs 102 are covered with the same phosphor as the
phosphor used to cover the blue LEDs 104. The contact pads
106 are used to make electrical contact with the COB design
100 and to provide electrical power to the COB design 100.
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The fiducials 108 are used to position and place the LEDs
and other structures on a substrate. The test contact 110 1s
used to measure properties, such as temperature, of the COB

design 100.

As will be shown 1n the foregoing, the blue LEDs 104
may be electrically coupled to the red LEDs. At least one of
the red LEDs and the blue LEDs may be connected 1n series
to form a string of LEDs. Several strings of LEDs may be
clectrically parallel. All of the parallel strings of LEDs may
be supported by a common substrate. Additionally all of the
strings may be covered by the same phosphor. However, 1n
some embodiments of the COB, the blue LEDs 104 may be
covered by the phosphor, while the red LEDs are not
covered by phosphor.

As those of ordinary skill 1n the art will appreciate, red
LEDs typically have a voltage drop of around 1.8V (e.g.,
between 1.7V and 1.9V) and blue LEDs typically have a
voltage drop of around 3.4V (e.g., between 3.0V and 3.8V).
Thus, when the red LEDs 102 and the blue LEDs 104 are
connected 1n series, the eflicacy (lumens/watt) of the COB
design 1s 1impacted due to the difference in voltage drops
between the red LEDs 102 and the blue LEDs 104. For
instance, the red LEDs 102 have a lower resistance than the
blue LEDs 102. In such instances, when a fixed voltage,
such as 3.4V, 1s applied to several series connected LEDs,
the more red LEDs that are in the series connection, the
higher the current that 1s applied to the LEDs. As such, the
red LEDs could burn out at a faster rate due to energy
inefhiciency. For instance, FIG. 2 1llustrates how the eflicacy
of the COB design 100 can be impacted by the number of
series connected red LEDs.

FIG. 2 15 a plot 200 showing the eflicacy of the first
exemplary COB design 100 as a function of current per die
(milliamps). As shown, the eflicacy of the first COB design
100 decreases as the current per die increases from 20
milliamps to 80 milliamps. Assuming that a fixed voltage 1s
applied to the LEDs 1n a string, when more red LEDs are
clectrically coupled electrically coupled along the string of
LEDs, the current increases. This 1s because the resistance 1s
inversely related to current. It also follows that at higher
voltages, eflicacy would also drop because voltage 1s
directly related to current. Thus, high voltage can also
overdrive the red LEDs causing premature burnout. Thus,
the plot 200 may be utilized to help determine the number
of red LEDs that may be included 1n a string of LEDs based
on a desired eflicacy. However, other current considerations
may also be taken 1nto account with respect to the first COB
design 100. For 1nstance, if not enough current 1s applied to
the COB 100, dark spots, caused by the red LEDs, may
appear. FI1G. 3A illustrates such dark spots.

FIG. 3A illustrates the light output of a lighting system
300 including first exemplary COB design 100 when 1t 1s
being powered with 0.1 mA. The light emitting apparatus
COB design 100 includes color spots 305, a substrate 320
supporting the LEDs of the COB design, and a phosphor
310. The phosphor 310 covers the LEDs supported by the
substrate 320. As discussed with respect to FIG. 1, the COB
design 100 includes both red and blue LEDs. As shown,
when the first COB design 100 1s driven at 0.1 mA the output
brightness 1s low enough that the color spots 305 are visible.
Such color spots 305 may be the red LEDs. For instance, 11
not enough current powers the lighting system 300 the red
LEDs may be visible because the overall output brightness
of the COB 100 1s too low.

FIG. 3B illustrates the light output of the lighting system
300 including the first exemplary COB design 100 when 1t
1s being powered with 1.0 mA. When the first COB design
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100 1s driven at 1.0 mA the output brightness 1s already high
enough that color spots 305 are no longer visible, as they
were when the first COB design 100 was being driven at 0.1
mA, as illustrated in FIG. 3A. Thus, the driving current of
the lighting system may be between 0.1 mA and 1.0 mA to
achieve the desired brightness for the warm white light,
without visible color spots. The driving current could be
above 1.0 mA. However, 1f the driving current i1s too high,
ellicacy may be reduced because the LEDs may burn out
faster.

FIG. 4A 1llustrates the light output of a lighting system
400 using only blue LEDs and phosphor to generate white
light. FIG. 4B 1llustrates the light output of the lighting
system 400 using first COB design 100, which uses both red
and blue LEDs along with phosphor to generate white light.
As shown, the brightness of the lighting system 400 1s higher
when the first COB design 100 1s used. Thus, the inclusion
a combination of red and blue LEDs 1n a lighting system
may deliver higher brightness than previous lighting systems
utilizing only blue LEDs.

FIG. 5 illustrates a exemplary second COB design 500

incorporating blue and red LEDs. The second COB design
500 includes red LEDs 510 (6 shown) and blue LEDs 505

(30 shown), conductors 515, a substrate 5335, and LED
strings 520-530. Although not shown, the second COB
design 500 may also include contact pads, fiducials, and test

contacts which operate substantially the same as discussed
with reference to FIG. 1.

As with first COB design 100, 1n the second COB design
500 the red LEDs 510 are surrounded by the blue LEDs 505.
The blue LEDs 505 and the red LEDs 510 are supported by
the substrate 535. In some embodiments of the COB, the
substrate 5335 1s a flexible substrate. The blue LEDs 505 may
be covered with phosphor. In some embodiments, the red
LEDs 510 are not covered with phosphor whereas in other
embodiments the red LEDs 3510 are covered with the same
phosphor as the phosphor used to cover the blue LEDs 505.
As discussed above with reference to FIG. 1, the LEDs may
be electrically coupled, 1n series, to form a string of LEDs
such as the strings 520-530. A string of LEDs, such as one
of the strings 520-530 may include several blue LEDs 505
and at least one red LED 505. Each LED in the string of
LEDs may be coupled by a conductor 515. Such conductors
may be a wire or trace. As shown by the string 530, for
example, the LEDs numbered 1-12 may form the string 530.
LEDs 13-24 form the string 525 and LEDs 25-36 form the
string 520. As shown, the string 330 includes 2 red LEDs
(LEDs 4 and 9) and 10 blue LEDs (LEDs 1-3, 5-8, and
10-12). In this example the COB design 500 includes 3
strings ol LEDs, string 520, 525, and 530, which may be 1n
an electrically parallel configuration.

In some embodiments of the COB designs 500 and 100,
all of the LEDs 1n the design are connected to a single driver.
Alternatively, a first driver may power the blue LEDs 505
and a second driver may power the red LEDs 510. As such,
the red LEDs may be driven at a lower voltage so that they
avoid early burn out.

FIG. 6 1s a plot showing color intensity for light emitted
by the first exemplary COB design 100 of FIG. 1 and the
second exemplary COB design 500 of FIG. 5 without a
phosphor cover. As shown by the first curve of the plot, blue
light (at 450 nm) has the highest intensity for both COB
design 100 and COB design 500. Additionally, some red
light 1s emitted (at 620 nm), but at a much lower intensity
compared to the blue light.

FIG. 7 1s a plot showing color intensity for light emitted

by the first exemplary COB design 100 of FIG. 1 and the
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second exemplary COB design 500 of FIG. 5 with a phos-
phor cover. As shown, the intensity of blue light 1s reduced
from the intensity shown in FIG. 6 because the phosphor
absorbs some of the blue light and fluoresces white light.
Additionally, a broader spectrum of colors 1s emitted
through the phosphor layer, including the red light, which
passes through the phosphor layer with minimal absorption.
Thus, warm white light can be realized from either COB
design 100 and COB design 500. Additionally, similar
designs incorporating red and blue LEDs on a common
substrate may be utilized to provide warm white light
without departing from the scope of the disclosure. For
instance, the number of red and blue LEDs could be varied
so long as the eflicacy, as discussed above with reference to
FIG. 2 1s within a particular tolerance.

Table 1 1s a data table showing properties of the first COB
design 100 with phosphor and the second COB design 500

with phosphor.

TABLE 1
CCT/K CRI Efficacy (1 m/w)
COB design 100 3000 80 140
COB design 500 3000 80 143

The first COB design 100 has correlated color tempera-
ture (CCT) of 3000 kelvin (K), a color rendering index
(CRI) of 80, and an eflicacy of 140 lumens/watt. The second
COB design 500 has correlated color temperature (CCT) of
3000 kelvin (K), a color rendering index (CRI) of 80, and an
ellicacy of 143 lumens/watt. The eticacy may fluctuate with
the amount of voltage applied to the COB design. For
instance, the voltage applied to either COB design 100 or
COB design 500 may vary based on the tolerance of the
LEDs and the power supply. Thus, the efhicacy can vary
according to the materials used in the design as well as
particular tolerances associated with such materials. For
instance, the COB design 5300 may have a higher eflicacy
than the COB design 100 1t the voltage applied to the COB
design 500 1s adjusted to compensate for the fewer blue
LEDs 1n the design.

FIG. 8A 1s a side view 1illustration of an exemplary
apparatus 800 having a lighting system 802 utilizing the
COB design. The lighting system 802 may be located 1n a
housing 806. The lighting system 802 may receive power via
a power connection 804. The lighting system 802 may be
configured to emit light. Description pertaining to the pro-
cess by which light 1s emitted by the lighting system 802 1s
provided with reference to FIGS. 1-7.

FIG. 8B 1s a side view 1illustration of a flashlight 810,
which 1s an exemplary embodiment of an apparatus having
the lighting system 802. The lighting system 802 may be
located 1nside of the housing 806. The flashlight 810 may
include a power source. In some exemplary embodiments,
the power source may include batteries 814 located 1nside of
a battery enclosure 812. The power connection 804 may
transier power irom the power source (e.g., the batteries
814) to the lighting system 802.

FIG. 8C 1s a side view illustration of a street light 820,
which 1s another exemplary embodiment of an apparatus
having the lighting system 802. The lighting system 802
may be located inside of the housing 806. The street light

820 may include a power source. In some exemplary
embodiments, the power source may include a power gen-
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crator 822. The power connection 804 may transier power
from the power source (e.g., the power generator 822) to the
lighting system 802.

The inventions and methods described herein can be
viewed as a whole, or as a number of separate inventions that
can be used independently or mixed and matched as desired.
All 1nventions, steps, processes, devices, and methods
described herein can be mixed and matched as desired. All
previously described features, functions, or 1nventions
described herein or by reference may be mixed and matched
as desired.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, 1t 1s intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What 1s claimed 1s:

1. A lighting system, comprising:

a substrate;

at least one red light emitting diode (LED) supported by
the substrate:

a plurality of blue LEDs supported by the substrate, with
the plurality of blue LEDs being a greater number than
the at least one red LED and the plurality of blue LEDs
disposed on around an outer periphery of the substrate
to surround the at least one red LED;

a hght conversion material covering the plurality of blue

LEDs and the at least one red LED, and wherein the

light conversion materal 1s configured to fluoresce any

light absorbed from the blue LEDs 1n a color different
from light emitted by the at least one red LED;

least one driver configured to apply to each of the blue

LEDs and the at least one red LED a current between
0.1 mA and 1.0 mA to generate a light output from the
lighting system:;

wherein the plurality of blue LEDs and the at least one red

LED are connected 1n series to form a first string of

LEDs; and
a Second string ol LEDs electrically connected 1n parallel

to the first string of LEDs.

2. The lighting system of claim 1, wherein the second
string of LEDs comprises a plurality of blue LEDs and at
least one red LED.

3. The lighting system of claim 2, wherein the second
strings of LEDs 1s supported by the substrate and covered by
the light conversion matenal.

4. The lighting system of claim 1, wherein the current
applied to the first string of LEDs 1s greater than 0.1 mA.

5. The lighting system of claim 1, wherein the at least one
red LED comprises a selected number of the red LEDs in the
first string of LEDs, such that the lighting system operates
within an eflicacy tolerance.

6. The lighting system of claim 1, wherein the plurality of
blue LEDs are driven by a first driver and the at least one red
LED 1s driven by a second driver.

7. The lighting system of claim 1, wherein each of the at
least one red LED 1s positioned on the substrate such that
cach of the at least one red LED 1s surrounded by a subset
of the plurality of blue LEDs.

8. A lighting system, comprising;

a substrate;

a plurality of blue light emitting diodes (LEDs) supported

by the substrate;

at
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at least one red LED supported by the substrate;
a light conversion material covering the blue LEDs;

a driver configured to provide a current greater than 0.1
mA and less than or equal to 1.0 mA to the blue LEDs

and the at least one red LED,

wherein each of the at least one red LED 1s surrounded by
a subset of the plurality of blue LEDs; and

wherein the plurality of blue LEDs and the at least one red

LED are connected 1n series to form a first string of

LEDs; and

a second string ol LEDs electrically connected 1n parallel
to the first string of LEDs.

9. The lighting system of claam 8 wherein the second
string of LEDs comprises a plurality of blue LEDs and at
least one red LED.

10. The lighting system of claim 9, wherein the second
string of LEDs 1s supported by the substrate.

11. The lighting system of claim 8, wherein a number of
the plurality of red LEDs 1n the first string of LEDs 1s
selected such that the light system operates within an
ellicacy tolerance.

12. The lighting system of claim 8, wherein the plurality
of blue LEDs are driven by a first driver and the at least one
red LED 1s driven by a second dniver.

13. The lighting system of claim 8, wheremn a uniform
light 1s emitted from the light conversion material at said
current.

14. A lighting system, comprising:

a plurality of blue light emitting diodes (LEDs), each
fabricated on corresponding one of a plurality of first
substrates:

at least one red LED {fabricated on a second substrate;

a common substrate supporting the plurality of blue LEDs
and the red LED:;

a light conversion material covering the plurality of blue

LEDs and the red LED, and wherein the light conver-
ston material 1s configured to fluoresce any light
absorbed from the blue LEDs 1n a color different {from
light emaitted by the red LED;

at least one driver configured to apply to each of the LEDs

a current greater than 0.1 mA and less than or equal to

1.0 mA to generate a light output from the lighting

system,
wherein the plurality of blue LEDs are greater in number

than the at least one red LED and the plurality of blue

LEDs are disposed on around an outer periphery of the

substrate, with none of the at least one red LED being,
disposed on the outer periphery of the substrate,

wherein the plurality of blue LEDs disposed on the outer
periphery of the substrate surround the at least one red
LED; and

wherein the plurahty of blue LEDs and the red LED are
connected 1n series to form a first string of LEDs; and

a second string ol LEDs electrically connected 1n parallel
to the first string of LEDs.

15. The lighting system of claim 14, wherein the plurality

ol first substrates are transparent.

16. The lighting system of claim 14, wherein the second
substrate 1s transparent.

17. The lighting system of claim 14, wherein the common
substrate 1s flexible.

18. The lighting system of claim 14, wherein the plurality
of blue LEDs are driven by a first driver and the red LED 1s

driven by a second driver.
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