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BACKLIGHT UNIT AND LIQUID CRYSTAL
DISPLAY DEVICE INCLUDING THE SAME

[0001] This application claims the benefit of Korean Patent
Application No. 10-2008-0066480, filed on Jul. 9, 2008,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The embodiments of the invention relate to a liquid
crystal display device, and more particularly, to a light emit-
ting diode (LED) backlight unit and a liquid crystal display
device including the backlight unit.

[0004] 2. Discussion of the Related Art

[0005] In general, a notebook personal computer (NTPC)
includes a liquid crystal display (LCD) device for displaying
information. An LCD device includes a liquid crystal display
panel, a backlight unit and a driving circuit unit. The liquid
crystal display panel includes a plurality of liquid crystal cells
disposed in matrix and a plurality of thin film transistors
(TFTs) through which image signals are supplied. Rotation
angles of liquid crystal molecules in each liquid crystal cell as
well as transmittance through each liquid crystal cell are
controlled according to the image signals so as to display
images on the liquid crystal display panel. The backlight unit
is disposed under and supplies light to the liquid crystal panel.
A cold cathode fluorescent lamp (CCFL) is used as a light
source for the backlight unit of an LCD device. The backlight
unit should be designed to have a thin profile and light weight
but yet provide a large amount of light to the liquid crystal
display panel. Light emitting diodes (LEDs) have been sug-
gested for use in a backlight unit because LEDs have the
characteristics of low power consumption, light weight and
high brightness compared to a CCFL.

[0006] FIG.11isaview showing an edge type backlight unit
according to the related art. In FIG. 1, an LED backlight unit
includes an LED array 10 having a flexible printed circuit
(FPC) 12 and a plurality of LEDs 11 on the FPC 12 and an
LED driving unit 20. The LED driving unit 20 controls the
plurality of LEDs 11 being turned ON/OFF using an LED
driving source power and an LED control signal from an
external circuit unit (not shown).

[0007] TheLED backlight unit may be classified according
to luminance and color rank of chromaticity coordinates for
application to an LCD device. The luminance may be repre-
sented by luminance intensity or luminance flux, and chro-
maticity coordinates may be represented by CIE (Commis-
sion International De [’eclairage) 1931 (x-y coordinates) or
CIE 1976 (u'-v' coordinates). Ideally, the plurality of LEDs
for a single LCD device should have the same luminance and
the same color rank in chromaticity coordinates as one
another.

[0008] Inactuality, different LEDs, especially amongst dif-
ferent batches of LEDs, can have different luminances and
different color rank in chromaticity coordinates from one
another. Improper luminance and/or improper color rank of
chromaticity coordinates in the backlight unit can cause
improper color representation in the LCD device. Further,
diversity in the average luminance and average color rank of
chromaticity coordinates for different backlight units can
cause a non-uniform color representations amongst the dif-
ferent LCD devices made with the different backlight units.
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SUMMARY OF THE INVENTION

[0009] Accordingly, embodiments of the invention are
directed to a backlight unit and a liquid crystal display device
including the backlight unit that substantially obviate one or
more of the problems due to limitations and disadvantages of
the related art.

[0010] An object of embodiments of the invention is to
provide a backlight unit that supplies light of various lumi-
nances and various color ranks in chromaticity coordinates
such that an average luminance and an average color rank of
chromaticity coordinates are at or substantially near prede-
termined target values.

[0011] Another object of embodiments of the invention is
to provide liquid crystal display devices having uniform color
representations.

[0012] Additional features and advantages of embodiments
of the invention will be set forth in the description which
follows, and in part will be apparent from the description, or
may be learned by practice of embodiments of the invention.
The objectives and other advantages of the embodiments of
the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0013] To achieve these and other advantages and in accor-
dance with the purpose of embodiments of the invention, as
embodied and broadly described, a backlight for a liquid
crystal display device includes a first plurality of light emit-
ting diodes having a first luminance and a second plurality of
light emitting diodes having a second luminance, wherein at
least the first and second plurality of light emitting diodes are
interspersed with each other to provide an average luminance
at or substantially near a predetermined target value of lumi-
nance that is consistent across the liquid crystal display
device.

[0014] In another aspect, a backlight for a liquid crystal
display device includes a first plurality of light emitting
diodes having a first color rank in chromaticity coordinates
and a second plurality of light emitting diodes having a sec-
ond color rank in chromaticity coordinates, wherein at least
the first and second plurality of light emitting diodes are
combined with each other to provide an average color rank in
chromaticity coordinates at or substantially near a predeter-
mined target value of color rank in chromaticity coordinates.
[0015] Inyetanother aspect,a backlight for a liquid crystal
display device includes a first plurality of light emitting
diodes having a first luminance and a first color rank in
chromaticity coordinates; a second plurality of light emitting
diodes having a second luminance and a second color rank in
chromaticity coordinates; a third plurality of light emitting
diodes having a third luminance and a third color rank in
chromaticity coordinates; and a fourth plurality of light emit-
ting diodes having a fourth luminance and a fourth color rank
in chromaticity coordinates, wherein at least the first and
second plurality of light emitting diodes are interspersed with
each other to provide an average luminance at or substantially
near a predetermined target value of luminance, and wherein
at least the third and fourth plurality of light emitting diodes
are combined with each other to provide an average color rank
in chromaticity coordinates at or substantially near a prede-
termined target value of color rank in chromaticity coordi-
nates.

[0016] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included to
provide a further understanding of embodiments of the inven-
tion and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and
together with the description serve to explain the principles of
embodiments of the invention.

[0018] FIG.1isaview showing an edge type backlight unit
according to the related art.

[0019] FIG. 2is a view illustrating luminances of LEDs for
abacklight unit according to an embodiment of the invention.
[0020] FIG. 3 is a view illustrating a color rank in chroma-
ticity coordinates of LEDs for a backlight unit according to an
embodiment of the invention.

[0021] FIG. 4 is a view showing luminances of LEDs of a
backlight unit of TABLE 1.

[0022] FIG. 5is a view showing color ranks of LEDs of a
backlight unit of TABLE 1.

[0023] FIG. 6 is a view showing a distribution of LCD
devices each including a backlight unit of TABLE 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Reference will now be made in detail to embodi-
ments which are illustrated in the accompanying drawings.
Wherever possible, similar reference numbers will be used to
refer to the same or similar parts.

[0025] Inaliquidcrystal display (LCD)device according to
an embodiment of the invention, a plurality of light emitting
diodes (LEDs) of a backlight unit can have various lumi-
nances and various color ranks in chromaticity coordinates
that are combined such that an average luminance and an
average color ranks in chromaticity coordinates of the plural-
ity of LEDs or substantially near predetermined target values
for both luminance and color ranks in chromaticity coordi-
nates. Accordingly, diversity in either or both luminance and
color rank in chromaticity coordinates of the backlight unit
does not degrade color representation in an LCD device or
series of LCD devices such that high image quality is main-
tained.

[0026] Backlight units for an LCD device according to
embodiments of the invention may be classified into three
types: a first type in which the plurality of LEDs have the
same color rank of chromaticity coordinates as one another
and have at least two different luminances; a second type in
which the plurality of LEDs have the same luminance as one
another and have at least two different color ranks in chroma-
ticity coordinates; and a third type in which the plurality of
LEDs have at least two different color ranks in chromaticity
coordinates and at least two different luminances.

[0027] A backlight unit for an LCD device according to
embodiments of the invention may include a plurality of
LEDs such that at least two of the plurality of LEDs has at
least one of different luminances and different color ranks in
chromaticity coordinates. For example, when first and second
LEDs have the different luminances and a same color ranks in
chromaticity coordinates, third and fourth LEDs have a same
luminances and the different color ranks in chromaticity coor-
dinates, and fifth and sixth LEDs have the different lumi-
nances and the different color ranks in chromaticity coordi-
nates, the backlight unit may include at least one pair of first
to sixth LEDs. As a result, the backlight unit according to
embodiments of the invention may have one of a first combi-

Jan. 14,2010

nation including the first and second LEDs, a second combi-
nation including the third and fourth LEDs, a third combina-
tion including the fifth and sixth LEDs, a fourth combination
including the first, second, third and fourth LEDs, a fifth
combination including the first, second, fifth and sixth LEDs,
a sixth combination including the third, fourth, fifth and sixth
LEDs, and a seventh combination including the first. second,
third, fourth, fifth and sixth LEDs.

[0028] FIG. 2 is a view illustrating luminances of an LED
for a backlight unit according to an embodiment of the inven-
tion. As shown in FIG. 2, LEDs having the same color rank in
chromaticity coordinates has one of zeroth, first and second
levels 1.0, L1 and 1.2 corresponding different luminances. For
example, the LED of the zeroth level L0 may have a lumi-
nance within a range ofabout 1.6 cd (candela) to about 1.7 cd.
In addition, the LED of the first level L1 may have a lumi-
nance within a range of about 1.7 ¢d to about 1.8 cd, and the
LED of the second level L2 may have a luminance within a
range of about 1.8 cd to about 1.9 c¢d. When an LED of the
zeroth level L0 and an LED of the second level L2 are used
together, light having luminance corresponding to the first
level L1 is emitted. (LO+L.2=~L1) Accordingly, a plurality of
LEDs having different luminances and the same color rank in
chromaticity coordinates are interspersed with each other
such that the backlight unit supplies light of average lumi-
nance at or substantially near a predetermined target value of
luminance. For example, the LEDs having different lumi-
nances can be interleaved with one another. In addition, the
plurality of LEDs may have various combinations of LEDs
having different luminances in which each combination gen-
erates an average luminance at or substantially near a prede-
termined target value of luminance that is consistent across
the LCD device. As aresult, the backlight unit supplying light
of a predetermined luminance may include the plurality of
LEDs having the same color rank in chromaticity coordinates
and having at least two different luminances.

[0029] FIG. 3 isa view illustrating a color rank in chroma-
ticity coordinates of LEDs for a backlight unit according to an
embodiment of the invention. Although FIG. 3 shows x-y
coordinates of CIE 1931, u'-v' coordinates of CIE 1976 may
be used in another embodiment. As shown in FIG. 3, LEDs
having the same Iuminance has one of different color ranks
“a” to “i” in chromaticity coordinates. When LEDs of differ-
ent color ranks are used together, light having the average
color rank is emitted. For example, an LED having the color
rank “1” and an LED having the color rank “a” are respec-
tively grouped together for a backlight unit, the backlight unit
may supply light having the color rank “e” corresponding to
the average color rank. (i+a=e). In addition, when LEDs
having the color ranks “f,” “h” and “a” are used together fora
backlight unit, the backlight unit may supply light having the
color rank “e” corresponding to the average color rank. (f+h+
a=~e) Accordingly, a plurality of LEDs has the same lumi-
nance and different color ranks in chromaticity coordinates
are used for a backlight unit such that the backlight unit
supplies light of the average color rank in chromaticity coor-
dinates at or substantially near a predetermined target value of
color rank in chromaticity coordinates. In addition, the plu-
rality of LEDs may have various combinations having the
same average color rank in chromaticity coordinates at or
substantially near a predetermined target value of color rank
in chromaticity coordinates. As a result, the backlight umt
supplying light of an average color rark in chromaticity coor-
dinates at or substantially near a predetermined target value of
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color rank in chromaticity coordinates may include a plurality
of LEDs having at least two color ranks in chromaticity
coordinates and the same luminance.

[0030] Alternatively, a plurality of LEDs having different
luminances and different color ranks in chromaticity coordi-
nates are used for a backlight unit such that the backlight unit
supplies light of average luminance at or substantially near a
predetermined target value of luminance and an average color
rank in chromaticity coordinates at or substantially near a
predetermined target value of color rank in chromaticity coor-
dinates. Further, the plurality of LEDs may have various
combinations of luminances that each provide an average
luminance at or substantially near a predetermined target
value of luminance and various combinations color rank in
chromaticity coordinates that each provide an average color
rank in chromaticity coordinates at or substantially near a
predetermined target value of chromaticity coordinates. Such
combinations can include LEDs having the same luminance
as the predetermined target value of luminance or having the
same color rank in chromaticity coordinates as the predeter-
mined target color rank in chromaticity coordinates. As a
result, the backlight unit supplying light of a predetermined
target luminance and a predetermined target color rank in
chromaticity coordinates may include a plurality of LEDs
having at least two different luminances and at least two
different color ranks in chromaticity coordinates.

[0031] Therefore, the backlight unit including the plurality
of LEDs according to an embodiment of the invention can
have diversity in either both or one of luminance and color
rank of chromaticity coordinates. A backlight unit including a
plurality of LEDs has a predetermined luminance and a pre-
determined color rank in chromaticity coordinates by one of
a first combination where the plurality of LEDs have the same
luminance and the same color rank, a second combination
where the plurality of LEDs have the same luminance and at
least two different color rank in chromaticity coordinates, a
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third combination where the plurality of LEDs have the same
color rank in chromaticity coordinates and at least two differ-
ent luminances, and a fourth combination where the plurality
of LEDs have at least two different luminances and at least
two different color ranks in chromaticity coordinates. For
example, when the backlight unit has the luminance of the
first level L1 and the color rank “e” in chromaticity coordi-
nates, 1) the plurality of LEDs may have the luminance of the
first level L1 and the color rank “e” (L1-¢, L1-¢, L1-¢, L1-e, .
.. ), 2) the plurality of LEDs may have the luminance of first
level L1 and two color ranks “i” and “a” (L1-i, L1-q, L1-i,
L1-q,...),3)the plurality of LEDs may have two luminances
of zeroth and second levels L0 and .2 and two color ranks “i”
and “a” (L2-i, L0-a, L.2-i, L0-q, . . .), or 4) the plurality of
LEDs may have three luminances of zeroth, first and second
levels L0, .1 and .2 and three color ranks “f;” “h” and “a”
(LO-f L1-h, L2-a, L0+, L1-h, L.2-a, .. .).

[0032] TABLE 1 is a table showing experiment data of a
plurality of LEDs and a backlight unit including the plurality
of LEDs for an LCD device according to an embodiment of
the invention. FIG. 4 is a view showing luminances of LEDs
of a backlight unit of TABLE 1, FIG. 5 is a view showing
color ranks of LEDs of a backlight unit of TABLE 1. In
addition, FIG. 6 is a view showing a distribution of LCD
devices each including a backlight unit of TABLE 1.

[0033] InTABLE 1andFIGS. 4 and 5, a backlight unit may
include a plurality of first LEDs LEDI1 and a plurality of
second LEDs LED2. Each of the first and second LEDs LED1
and LED2 may have a luminance of one of first to fourth
levels L1 to L4 and a color rank in chromaticity coordinates of
one of first to seventh A regions Al to A7 and first to seventh
B regions B1 to B7. The plurality of first and second LEDs
LEDI and LED?2 of the backlight unit have twenty different
combinations. Further, each combination of the plurality of
first and second LEDs LED1 and LED2 is applied to the
backlight units of two LCD devices Sample 1 and Sample 2,
as indicated in Table I.

TABLE 1
Combination of LEDs
luminance level color rank Sample 1 Sample 2
No. LEDI LED2 LEDI LED2 codm® x y  codm® x y
1 8 6 A7 B4 236 0309 0331 249 0.313 0336
2 7 8 A4 B7 238 0312 0329 256 0.314 0336
3 7 7 A5 B6 261 0315 0339 252 0.314 0333
4 8 6 A6 A4 253 0315 0330 241 0.309 0.333
3 7 8 A5 B3 252 0313 0335 244 0313 0330
6 7 7 B3 B3 249 0313 0331 246 0.314 0333
7 7 7 A6 B3 248 0312 0333 238 0.314 0331
8 7 8 B4 B6 248 0309 0332 248 0315 0332
9 9 6 A7 B3 223 0314 0332 251 0316 0339
10 6 7 A3 B7 246 0315 0336 234 0312 0329
11 7 6 A7 B3 243 0314 0335 247 0312 0333
12 7 7 B4 B3 240 0311 0331 246 0315 0335
13 6 6 B4 B3 225 0310 0329 233 0.314 0333
14 6 7 Al B7 266 0310 0330 269 0.311 0331
15 7 8 B2 A7 275 0311 0333 274 0308 0.331
16 7 8 Bl B6 276 0308 0327 277 0.309 0.326
7 7 8 Bl A7 274 0309 0328 275 0.309 0.329
18 6 7 A2 A7 268 0309 0332 268 0.308 0.332
19 6 7 Bl B7 266 0308 0.328 267 0.310 0.328
20 6 7 Al B6 259 0306 0325 260 0.305 0325
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[0034] As shown in FIG. 4, the first, second, third and
fourthlevels L1, [.2, 1.3 and L4 correspond to ranges of about
1.6 cdto about 1.7 ¢d, about 1.7 ¢d to about 1.8 ¢d, about 1.8
cd to about 1.9 cd and about 1.9 cd to about 2.0 cd, respec-
tively. The first LEDs LED1 and the second LEDs LED2 can
be at different levels or at the same level. Each of the combi-
nations of the first LEDs LED1 and the second LEDs LED2
provide an average luminance substantially near a predeter-
mined target value of luminance, such as within 0.1 cd of the
target value of luminance, or at the target valued of lumi-
nance.

[0035] As shown in FIG. 5, the first to fourteenth color
ranks A1-A7 and B1-B7 correspond to color rank in chroma-
ticity coordinates having an x value and y value. The first
LEDs LED1 and the second LEDs LED2 can have different
color ranks in chromaticity coordinates or the same color rank
in chromaticity coordinates. Each of the combinations of the
first LEDs LED1 and the second LEDs LED2 provide com-
binations of color rank in chromaticity coordinates that each
provide an average color rank in chromaticity coordinates
substantially near a predetermined target value of chromatic-
ity coordinates, such as within 0.01 of a chromaticity coordi-
nate, or at the predetermined target value of chromaticity
coordinates.

[0036] As shown in FIG. 6, an LCD device including a
backlight unit has a predetermined color rank X, i.e., a target
color rank, corresponding to a position having an x value of
about 0.313 and a y value of about 0.329 in chromaticity
coordinates. (x=0.313, y=0.329) The color ranks of the LCD
devices of Samples 1 and 2 including the backlight units of
various combinations of the plurality of first and second
LEDs are distributed in a standard region substantially near
the predetermine color rank such that the LCD device has
acceptable color property. Because the color ranks of the
LCD devices are substantially near the predetermined color
rank X, the uniformity in color representation of the LCD
devices is improved.

[0037] Consequently, a backlight unit according to
embodiments of the invention may supply light having uni-
form luminance using various combinations of a plurality of
LEDs having different luminances and different color ranks.
Further, LCD devices including the backlight unit according
to the invention have improved uniformity in color represen-
tation using a combination of a plurality of LEDs having
different luminances and different color ranks.

[0038] It will be apparent to those skilled in the art that
various modifications and variations can be made in a back-
light unit and a liquid crystal display device including the
backlight unit shown in the above embodiments of the inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the invention cover the modifi-
cations and variations of this invention provided they come
within the scope ofthe appended claims and their equivalents.

What is claimed is:
1. A backlight for a liquid crystal display device, compris-
ing:

a first plurality of light emitting diodes having a first lumi-
nance; and

a second plurality of light emitting diodes having a second
luminance,

wherein at least the first and second plurality of light emit-
ting diodes are interspersed with each other to provide an
average luminance at or substantially near a predeter-
mined target value of luminance that is consistent across
the liquid crystal display device.
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2. The backlight for a liquid crystal display device accord-
ing to claim 1, wherein the first and second plurality of light
emitting diodes are interleaved.

3. The backlight for a liquid crystal display device accord-
ing to claim 1, wherein the first plurality of light emitting
diodes have a first color rank in chromaticity coordinates and
the second plurality of light emitting diodes have the first
color rank in chromaticity coordinates.

4. The backlight for a liquid crystal display device accord-
ing to claim 1, wherein the first and second plurality of light
emitting diodes have different color ranks in chromaticity
coordinates and are respectively grouped together to provide
an average color rank in chromaticity coordinates at or sub-
stantially near a predetermined target value of color rank in
chromaticity coordinates.

5. The backlight for a liquid crystal display device accord-
ing to claim 1, further including a third plurality of light
emitting diodes having a third luminance equal to the average
luminance.

6. The backlight for a liquid crystal display device accord-
ing to claim 5, further including a fourth plurality of light
emitting diodes having the third luminance equal to the aver-
age luminance, wherein the third and fourth plurality of light
emitting diodes have different color ranks in chromaticity
coordinates and are respectively grouped together to provide
an average color rank in chromaticity coordinates at or sub-
stantially near a predetermined target value of color rank in
chromaticity coordinates.

7. A backlight for a liquid crystal display device, compris-
ing:

a first plurality of light emitting diodes having a first color

rank in chromaticity coordinates; and

a second plurality of light emitting diodes having a second

color rank in chromaticity coordinates,

wherein at least the first and second plurality of light emit-

ting diodes are combined with each other to provide an
average color rank in chromaticity coordinates at or
substantially near a predetermined target value of color
rank in chromaticity coordinates.

8. The backlight for a liquid crystal display device accord-
ing to claim 7, wherein the first and second plurality of light
emitting diodes are respectively grouped together.

9. The backlight for a liquid crystal display device accord-
ing to claim 7, wherein the first plurality of light emitting
diodes have a first luminance and the second plurality of light
emitting diodes have the second luminance.

10. The backlight for a liquid crystal display device accord-
ing to claim 7, wherein the first and second plurality of light
emitting diodes have different luminances and are interleaved
to provide an average luminance at or substantially near a
predetermined target value of luminance.

11. The backlight fora liquid crystal display device accord-
ing to claim 7, further including a third plurality of light
emitting diodes having a third color rank in chromaticity
coordinates equal to the average color rank in chromaticity
coordinates.

12. The backlight fora liquid crystal display device accord-
ing to claim 11, further including a fourth plurality of light
emitting diodes having the third color rank in chromaticity
coordinates equal to the average color rank in chromaticity
coordinates, wherein the third and fourth plurality of light
emitting diodes have different luminances and are interleaved
with each other to provide an average luminance at or sub-
stantially near a predetermined target value of luminance.
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13. A backlight for a liquid crystal display device, com-

prising:

a first plurality of light emitting diodes having a first lumi-
nance and a first color rank in chromaticity coordinates;

a second plurality of light emitting diodes having a second
luminance and a second color rank in chromaticity coor-
dinates;

a third plurality of light emitting diodes having a third
luminance and a third color rank in chromaticity coor-
dinates; and

a fourth plurality of light emitting diodes having a fourth
luminance and a fourth color rank in chromaticity coor-
dinates,

wherein at least the first and second plurality of light emit-
ting diodes are interspersed with each other to provide an
average luminance at or substantially near a predeter-
mined target value of luminance, and wherein at least the
third and fourth plurality of light emitting diodes are
combined with each other to provide an average color
rank in chromaticity coordinates at or substantially near
a predetermined target value of color rank in chromatic-
ity coordinates.

14. The backlight fora liquid crystal display device accord-
ing to claim 13, wherein the first and second color rank in
chromaticity coordinates have a same color rank in chroma-
ticity coordinates at or substantially near a predetermined
target value of color rank in chromaticity coordinates.

15. The backlight fora liquid crystal display device accord-
ing to claim 13, wherein the first and second color ranks in
chromaticity coordinates provide an average color rank in

Jan. 14,2010

chromaticity coordinates at or substantially near the prede-
termined target value of color rank in chromaticity coordi-
nates.

16. The backlight for a liquid crystal display device accord-
ing to claim 13, further including a fifth plurality of light
emitting diodes having a fifth luminance at or substantially
near the predetermined target value of luminance.

17. The backlight fora liquid crystal display device accord-
ing to claim 13, wherein the third and fourth luminances have
a same luminance at or substantially near the predetermined
target value of luminance.

18. The backlight for a liquid crystal display device accord-
ing to claim 13, wherein the third and fourth luminances
provide an average luminance at or substantially near the
predetermined target value of luminance.

19. The backlight fora liquid crystal display device accord-
ing to claim 13, further including a fifth plurality of light
emitting diodes having a fifth color rank at or substantially
near the predetermined target value of color rank in chroma-
ticity coordinates.

20. The backlight fora liquid crystal display device accord-
ing to claim 13, wherein at least the third and fourth plurality
of light emitting diodes are interspersed with each other to
provide an average luminance at or substantially near the
predetermined target value of luminance, and wherein at least
the first and second plurality of light emitting diodes are
combined with each other to provide an average color rank in
chromaticity coordinates at or substantially near the prede-
termined target value of color rank in chromaticity
coordinates.
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