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Description

[Technical Field]

[0001] Apparatuses and methods consistent with what is disclosed herein relate to a display panel, a display apparatus
and a controlling method thereof, and more specifically, to a display panel having a plurality of pixels including R (red),
G (green), B (blue), and W (white) subpixels, a display apparatus and a controlling method thereof.

[Background Art]

[0002] With the advancing electronic technology, various types of electronic products have been developed and dis-
tributed. Specifically, various display apparatuses such as TVs, portable phones, PCs, laptop PCs, PDAs, and so on,
are widely used in most homes.
[0003] While use of the display apparatuses increases, user needs for more diverse functions have become expanded.
Accordingly, manufacturers put more efforts to meet the user needs, and new products providing new functions which
are not previously available are launched.
[0004] Specifically, with increasing use of LED display apparatuses for advertisements or store sign boards, various
technologies to efficiently drive LED display apparatuses emerged.
[0005] Patent publication US 2006/024818 A1 discloses a semiconductor light emitting device. Patent publication US
2014/0353694 A1 discloses emitter packages and LEDs displays utilizing the packages. Patent publication US
2015/0123083 A1 discloses a display panel that has first and second unit regions staggered to each other and includes
a pixel array layer and a colour filter layer. Patent publication US 2009/0046307 A1 relates to a RGB to RGBW colour
decomposition method and system.

[Disclosure]

[Technical Problem]

[0006] However, the related art LED display apparatuses use R (red), G (green), B (blue) LEDs. In this case, high
power consumption requires separate electrical power installation, and the cost for using electrical power is burdensome.
[0007] Further, the related art technologies cannot produce one package form including all of R, G, B, and white (W)
LEDs and the production cost would greatly increase when each of R, G, B, and W LED is each formed as subpixels.

[Technical Solution]

[0008] The invention is defined by the independent claims. Exemplary embodiments overcome the above disadvan-
tages and other disadvantages not described above. Also, exemplary embodiments are not required to overcome the
disadvantages described above, and an exemplary embodiment may not overcome any of the disadvantages described
above.
[0009] In the following description, the term "may" is used manifold times implying that certain features of the described
embodiments are optional. However, whenever the term "may" is used in the following combination with a feature required
by one of the independent claims 1 and 5, the feature in question is to be construed being present in the described
embodiments. Provided is a display panel as set out in the accompanying claim 1.
[0010] Also provided is a display apparatus, comprising the display panel of accompanying claim 1, and a processor
as set out in the accompanying claim 2.
[0011] The processor may perform, for each pixel, gamma conversion regarding R, G, B data, determines a W subpixel
value based on the gamma-converted R, G, B data, and determines R, G, B subpixel values by performing inverse
gamma conversion regarding a rest of the gamma-converted R, G, B data excluding the determined W subpixel value.
[0012] The processor may control the panel driver so that, in one video frame section, a plurality of subpixels are
turned on as a preset group unit, and the subpixel groups arranged at a position shifted by a preset subpixel unit are
sequentially turned on.
[0013] Also provided is a controlling method of a display apparatus as set out in the accompanying claim 5.
[0014] The determining the W subpixel value may comprise performing gamma conversion regarding R, G, B data,
and determining the W subpixel value based on the gamma-converted R, G, B data.
[0015] The determining the R, G, B subpixel values may comprise determining R, G, B subpixel values by performing
inverse gamma conversion regarding a rest of the gamma-converted R, G, B data excluding the determined W subpixel
value.
[0016] The controlling method may further comprise controlling so that, in one video frame section, a plurality of pixels
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are turned on by a preset group unit, and the subpixel groups arranged at a position shifted by a preset subpixel unit
are sequentially turned on.

[Advantageous Effects]

[Description of Drawings]

[0017] The above and/or other aspects will be more apparent by describing certain exemplary embodiments with
reference to the accompanying drawings, in which:

FIG. 1 is a diagram illustrating an example in which B (blue) and W (white) subpixels are disposed adjacent to each
other;
FIG. 2 is a diagram illustrating configuration of a pixel including R (red), G (green), B, and W subpixels according
to an embodiment;
FIG. 3 is a diagram provided to explain a partition according to the embodiment;
FIGS. 4 to 11 are diagrams provided to explain various arrangement structures of a first package and a second
package according to various exemplary embodiments;
FIG. 12A is a block diagram of a display apparatus according to the embodiment;
FIG. 12B is a detailed block diagram of a panel driver of the display apparatus of FIG. 12A, according to the
embodiment;
FIG. 13 is a diagram provided to explain a process of determining R, G, B, and W subpixel values according to the
embodiment;
FIG. 14 is a diagram provided to explain a method for turning on a plurality of subpixels according to the embodiment;
and
FIG. 15 is a flowchart provided to explain a controlling method of a display apparatus including a display panel
according to the lary embodiment.

[Best Mode]

[Mode for Invention]

[0018] Certain exemplary embodiments will now be described in greater detail with reference to the accompanying
drawings.
[0019] In the following description, same drawing reference numerals are used for the same elements even in different
drawings. The matters defined in the description, such as detailed construction and elements, are provided to assist in
a comprehensive understanding of the present inventive concept defined by the independent claims. Accordingly, it is
apparent that the exemplary embodiments can be carried out without those specifically defined matters. Also, well-known
functions or constructions are not described in detail since they would obscure the present inventive concept with
unnecessary detail. Further, terms and expressions described herein are defined in consideration of the functions in the
present disclosure, and may change depending on the intention of a user or an operator, or relations. Accordingly, terms
and expressions will have to be defined based on the overall content of the present disclosure.
[0020] FIG. 1 is a diagram illustrating an example in which B (blue) and W (white) subpixels are disposed adjacent to
each other.
[0021] Referring to FIG. 1, a W subpixel 105 may include a B subpixel 115 and a yellow phosphor 120, and emit a
white light 121 as the light emitted from the B subpixel 115 passes through the yellow phosphor 120.
[0022] Herein, when a B subpixel 110 disposed adjacent to W subpixel 105 is illuminated, the light 111 emitted from
the B subpixel 110 may be reflected from the yellow phosphor 120 included in W subpixel 105, in which case the white
light 112 may be emitted unintentionally.
[0023] Herein, among the light emitted from the B subpixel 110, the light reflected from the yellow phosphor 120
included in the W subpixel 105 is referred to as an ’excitation wavelength’.
[0024] Accordingly, when the B subpixel 110 disposed adjacent to the W subpixel 105 turns on, the blue color light
and the white light 121 may be mixed and emitted, rather than pure blue color light being emitted.
[0025] Further, in a similar manner, because green color light emitted from a G (green) subpixel is positioned on a
similar wavelength bandwidth to that of the blue color light emitted from the B subpixel 110, when the green color light
is reflected from the yellow phosphor 120, the white light 121 may be emitted.
[0026] When it is assumed that a G subpixel is disposed adjacent to a W subpixel 105 instead of the B subpixel 110
in FIG. 1, as G subpixel is illuminated, the light emitted from the G subpixel may be reflected from the yellow phosphor
120 included in the W subpixel 105, and the white light 121 may be emitted unintentionally.
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[0027] Accordingly, pure blue color light and green color light may be emitted in response to respective turning on of
a B subpixel and a G subpixel only when the B subpixel and the G subpixel are not disposed adjacent to a W subpixel.
[0028] On the other hand, red color light emitted from a R (red) subpixel is positioned on a wavelength bandwidth
different from those of blue color light and green color light respectively emitted from a B subpixel and a G subpixel.
Thus, even when the red color light emitted from the R subpixel is reflected from the yellow phosphor 120 included in
the W subpixel 105, no white light 121 will be emitted.
[0029] Thus, a B subpixel and a G subpixel may be gathered in one package, and a R subpixel and a W subpixel may
be gathered in another package. Accordingly, the constitution of the pixels including R, G, B, and W subpixels according
to an embodiment may be implemented as illustrated in FIG. 2.
[0030] FIG. 2 is a diagram illustrating a configuration of a pixel including R, G, B, and W subpixels according to the
embodiment.
[0031] Regarding a display panel having a plurality of pixels including R, G, B, and W subpixels, the plurality of pixels
may each include a first package, and a second package disposed adjacent to the first package. The first package may
include a B subpixel and a G subpixel, and the second package may include a R subpixel and a W subpixel.
[0032] Referring to FIG. 2, one pixel 200 including an R subpixel 221, a G subpixel 212, a B subpixel 211, a W subpixel
222 may include the first package 210 and the second package 220. Herein, the package refers to a plate including two
subpixels among R, G, B, and W subpixels.
[0033] The first package 210 may include the B subpixel 211 and the G subpixel 212, and the second package 220
may include the R subpixel 221 and the W subpixel 222, as shown in FIG. 2.
[0034] A partition is disposed between the first package 210 and the second package 220. The partition shields the
second package 220 from the transmission of the blue color light and the green color light respectively emitted from the
B subpixel 211 and the G subpixel 212 of the first package 210, and shields the first package 210 from the transmission
of the light emitted from the R subpixel 221 and the W subpixel 222 of the second package 220. That is, the partition
prevents crossover of the light from the first package 210 to the second package 220, and vice versa.
[0035] By disposing the partition between the first package 210 and the second package 220, the blue color light
emitted from the B subpixel 211 and the green color light emitted from the G subpixel 212 may be prevented from being
transmitted to the second package 220. Thus, the blue color light emitted from the B subpixel 211 and the green color
light emitted from the G subpixel 212 may be prevented from being reflected from the yellow phosphor of the W subpixel
222 within the second package 220 and accordingly, emission of the white light is prevented.
[0036] FIG. 3 is a diagram provided to explain a partition according to the embodiment.
[0037] Referring to FIG. 3, the partition 230 is disposed between the first package 210 including the B subpixel 211
and the G subpixel 212, and the second package 220 including the R subpixel 221 and the W subpixel 222, as illustrated
in FIG. 2.
[0038] The partition 230 may prevent the transmission of the blue color light emitted from the B subpixel 211 and the
green color light emitted from the G subpixel 212 to the second package 220. In other words, the phenomenon in which
the blue color light emitted from the B subpixel 211 and the green color light emitted from the G subpixel 212 are reflected
from the yellow phosphor of W subpixel 222 included within the second package, causing emission of the white light,
may be prevented.
[0039] The partition 230 may be implemented with a material that is the same as the material of the structure forming
the first package 210 or the second package 220.
[0040] Referring to FIG. 3, it is explained above that the B subpixel 211 and the G subpixel 212 may be included within
the first package 210, and the R subpixel 221 and the W subpixel 222 may be included within the second package 220.
However, exemplary embodiments are not limited herein. Accordingly, the B subpixel 211 and the G subpixel 212 may
be included in the second package 220 and the R subpixel 221 and the W subpixel 222 may be included in the first
package 210.
[0041] The above-described W subpixel 222 may be implemented to include the B subpixel and the yellow phosphor.
Further, R, G, B, and W subpixels 221, 212, 211, 222 may be implemented as LEDs.
[0042] The first package including the B subpixel 211 and the G subpixel 212 and the second package including the
R subpixel 221 and the W subpixel 222 may be variously arranged, which will be specifically explained below by referring
to FIGS. 4 and 11.
[0043] FIGS. 4 to 11 are diagrams provided to explain various arrangement structures of the first package and the
second package according to various exemplary embodiments.
[0044] Referring to FIG. 4, a first pixel 410 and a second pixel 420 may be arranged and connected to each other.
The first pixel 410 may include a first package 430 including a R subpixel 431 and a W subpixel 432, and a second
package 440 including a B subpixel 441 and a G subpixel 442.
[0045] Herein, differently from FIG. 3, the first package 430 and the second package 440 of FIG. 4 may be arranged
with subpixels abreast in a horizontal direction, the R subpixel 431 and the W subpixel 432 may be included in the first
package 430 arranged on a first row in the first pixel 410, and the B subpixel 441 and the G subpixel 442 may be included
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in the second package 440 arranged on a second row in the first pixel 410.
[0046] Thus, when compared with the configuration in FIG. 3, the configuration of R, G, B, and W subpixels formed
on the pixel 200 in FIG. 3 may be arranged clockwise according to an order of B, R, W, and in contrast, the configuration
of R, G, B, and W subpixels formed on the pixel 410 in FIG. 4 may be arranged clockwise according to an order of R,
W, G, and B.
[0047] However, FIG. 3 and FIG. 4 are common in that a W subpixel is not included in one package with a B subpixel
and/or a G subpixel.
[0048] Further, referring to FIG. 5, a first pixel 510 and a second pixel 520 may be arranged and connected to each
other, and the first pixel 510 may include a first package 530 including a B subpixel 531 and a G subpixel 532 and a
second package 540 including a R subpixel 541 and a W subpixel 542.
[0049] Herein, the first package 530 and the second package 540 in FIG. 5 may be arranged with subpixels abreast
in a horizontal direction, which is same as FIG. 4. However, differently from FIG. 4, the B subpixel 531 and the G subpixel
532 may be included in the first package 530 arranged on a first row in the first pixel 510, and the R subpixel 541 and
the W subpixel 542 may be included in the second package 540 arranged on a second row in the first pixel 510.
[0050] Thus, when comparing with FIG. 4, the configuration of R, G, B, and W subpixels formed on the first pixel 410
in FIG. 4 may be arranged clockwise according to an order of R, W, G, and B, while the configuration of R, G, B, and
W subpixels formed on the first pixel 510 in FIG. 5 may be arranged clockwise according to an order of B, G, W, and R.
[0051] Also in FIG. 5, the W subpixel 542 is not included in one package with the B subpixel 531 and/or the G subpixel
532.
[0052] Referring to FIG. 6, a first pixel 610 and a second pixel 620 may be arranged and connected to each other, the
first pixel 610 may include a first package 630 including a G subpixel 631 and a B subpixel 632, and a second package
640 including a W subpixel 641 and a R subpixel 642.
[0053] Comparing FIG. 6 with FIG. 5 shows that the positions of the G subpixel 631 and the B subpixel 632 are changed
with each other within the first package 630 with respect to the first package 530 of FIG. 5. That is, the first package
530 of FIG. 5 may arrange the B subpixel 531 on the left side and the G subpixel 532 on the right side, while the first
package 630 of FIG. 6 may arrange the G subpixel 631 on the left side and the B subpixel 632 on the right side.
[0054] Further, compared to FIG. 5, the positions of the W subpixel 641 and the R subpixel 642 are shown as being
changed with each other within the second package 640 with respect to the second package 540 of FIG. 5. The second
package 540 of FIG. 5 may have the R subpixel 541 on the left side and the W subpixel 542 on the right side, while the
second package 640 of FIG. 6 may have the W subpixel 641 on the left side and the R subpixel 642 on the right side.
[0055] In the above case, the configuration of R, G, B, and W subpixels formed on the first pixel 510 in FIG. 5 may be
arranged clockwise according to an order of B, G, W, and R, while the constitution of R, G, B, and W subpixels formed
on the first pixel 610 in FIG. 6 may be arranged clockwise according to an order of G, B, R, and W.
[0056] The W subpixel 641 of FIG. 6 is not included in one package with the G subpixel 631 and/or the B subpixel 632.
[0057] Further, referring to FIG. 7, a first pixel 710 and a second pixel 720 may be connected to each other, and the
first pixel 710 may include a first package 730 including a W subpixel 731 and a R subpixel 732, and a second package
740 including a G subpixel 741 and a B subpixel 742.
[0058] Herein, when comparing FIG. 7 with FIG. 6, the types of the subpixels included in the first package 730 may
be changed with the types of the subpixels included in the second package 740. Thus, the first package 630 of FIG. 6
may include the G subpixel 631 and the B subpixel 632 and the second package 640 may include the W subpixel 641
and the R subpixel 642, while the first package 730 of FIG. 7 may include the W subpixel 731 and the R subpixel 732
and the second package 740 may include the G subpixel 741 and the B subpixel 742.
[0059] In the above case, the configuration of R, G, B, and W subpixels formed on the first pixel 610 in FIG. 6 may be
arranged clockwise according to an order of G, B, R, and W, while the configuration of R, G, B, and W subpixels in FIG.
7 may be arranged clockwise according to an order of W, R, B, and G.
[0060] The W subpixel 731 of FIG. 7 is not included in one package with the G subpixel 741 and/or the B subpixel 742.
[0061] Referring to FIG. 8, the subpixels of the first package and the second package may be arranged abreast in a
vertical direction within the pixel; which is the same as the structure in which the first package 430 and the second
package 440 included within the pixel in FIG. 4 are rotated clockwise and arranged.
[0062] In the above case, the configuration of R, G, B, and W subpixels formed on the first pixel 410 in FIG. 4 may be
arranged clockwise according to an order of R, W, G, and B, while the configuration of R, G, B, and W subpixels in FIG.
8 may be arranged clockwise according to an order of B, R, W, and G.
[0063] The W subpixel of FIG. 8 is not included within one package with the B subpixel and/or the G subpixel.
[0064] Referring to FIG. 9, the subpixels of the first package and the second package may be arranged abreast in a
vertical direction within the pixel, which is the same as the structure in which the first package 530 and the second
package 540 included within the pixel in FIG. 5 are rotated clockwise and arranged.
[0065] In the above case, the configuration of R, G, B, and W subpixels formed on the first pixel 510 in FIG. 5 may be
arranged clockwise according to an order of B, G, W, and R, while the configuration of R, G, B, and W subpixels may
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be arranged clockwise according to an order of R, B, G, and W.
[0066] The W subpixel of FIG. 9 is not included in one package with the B subpixel and/or the G subpixel.
[0067] Referring to FIG. 10, the subpixels of the first package and the second package may be arranged abreast in
a vertical direction within the pixel, which is the same as the structure in which the first package 630 and the second
package 640 included within the pixel of FIG. 6 are rotated clockwise and arranged.
[0068] In the above case, the configuration of R, G, B, and W subpixels formed on the first pixel 630 in FIG. 6 may be
arranged clockwise according to an order of G, B, R, and W, while the constitution of R, G, B, and W subpixels in FIG.
10 may be arranged clockwise according to an order of W, G, B, and R.
[0069] The W subpixel of FIG. 10 is not included in one package with the B subpixel and/or the G subpixel.
[0070] Referring to FIG. 11, the subpixels of the first package and the second package may be arranged abreast in
a vertical direction within the pixel, which is the same as the structure in which the first package 730 and the second
package 740 included within the pixel in FIG. 7 are rotated clockwise and arranged.
[0071] In the above case, the configuration of R, G, B, and W subpixels formed on the first pixel 710 in FIG. 7 may be
arranged clockwise according to an order of W, R, B, and G, while the configuration of R, G, B, and W subpixels in FIG.
11 may be arranged clockwise according to an order of G, W, R, and B.
[0072] The W subpixel of FIG. 11 is not included in one package with the B subpixel and/or the G subpixel.
[0073] R, G, B, and W subpixels according to various an exemplary embodiments may be arranged at various positions
as illustrated in FIGS. 4 to 11, based on the common characteristic in that W subpixel is not arranged in one package
with a B subpixel and/or a G subpixel.
[0074] Further, although FIGS. 4 to 11 do not illustrate the partition inside the pixel, the partition, which prevents the
transmission of the blue color light emitted from the B subpixel and/or the green color light emitted from the G subpixel
to the phosphor included in the W subpixel, may be arranged between the first package and the second package, as
illustrated in FIG. 3.
[0075] FIG. 12A is a block diagram of a display apparatus according to the embodiment.
[0076] Referring to FIG. 12A, the display apparatus 1200 may include a display panel 1210, a panel driver 1220 and
a processor 1230. Herein, the display apparatus 1200 may be implemented to be a diverse type of electronic apparatus
such as a TV, an electronic a blackboard, an electronic table, a large format display (LFD), a smart phone, a tablet PC,
a desktop PC, a laptop, and so on. Specifically, the display apparatus may include any electronic device that can display
images through LED components.
[0077] Herein, the display panel 1210 may include a plurality of pixels, each including R, G, B, and W subpixels. A W
subpixel may be implemented to include a B subpixel and the yellow phosphor.
[0078] Further, the panel driver 1220 may drive the display panel 1210, which will be specifically explained below by
referring to FIG. 12B.
[0079] FIG. 12B is a detailed block diagram of the panel driver according to the embodiment.
[0080] Referring to FIG. 12B, the panel driver 1220 may include a data driver 1221, a gate driver 1222, and a timing
controller 1223.
[0081] The data driver 1221 may be connected to each liquid crystal cell within the display panel 1210 through a
plurality of data lines.
[0082] The gate driver 1222 may be connected to each liquid crystal cell within the display panel 1210 through a
plurality of gate lines.
[0083] Each of the data lines may be connected to source electrodes regarding thin film transistors 1211 within the
transistor layer included in the display panel 1210, and each of the gate lines may be connected to gate electrodes of
the thin film transistors 1211. FIG. 12B illustrates each liquid crystal cell composed of a R subpixel, a G subpixel, a B
subpixel and a W subpixel.
[0084] The gate driver 1222 may apply the scan pulse through the gate line and perform scanning of turning on the
pixels corresponding to each color frame. The data driver 1221 may apply the data signal corresponding to each pixel
value within the image data on the scanned pixels and perform displaying.
[0085] The timing controller 1223 may apply the controlling signals respectively to the data driver 1221 and the gate
driver 1222 according to the image data included in an inputted video signal, and control the scanning and the displaying
to be performed respectively.
[0086] Although FIG. 12B explains use of the timing controller 1223, a central processing unit (CPU) may substitute
for the timing controller 1223 for a display apparatus including a small panel.
[0087] Returning to FIG. 12A, the processor 1230 may determine a W subpixel value by signal-processing R, G, B
data included in the inputted video signal, determine R, G, B subpixel values based on the determined W subpixel value,
and control the panel driver 1220 so that R, G, B, and W subpixels are turned on based on the determined R, G, B, and
W subpixel values.
[0088] Herein, a plurality of pixels may each include the first package, and the second package disposed adjacent to
the first package, in which the first package may include a B subpixel and a G subpixel, and the second package may
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include a R subpixel and a W subpixel, as described above with respect to FIGS. 3-11.
[0089] Further, as illustrated in FIG. 3, the partition which prevents the transmission of the light emitted from the B
subpixel and/or the G subpixel to the second package, and prevents the transmission of the light emitted from the R
subpixel and the W subpixel to the first package, may be arranged between the first package and the second package.
[0090] Further, R, G, B, and W subpixels may be implemented as LEDs.
[0091] Specifically, the processor 1230 may determine a W subpixel value by signal-processing R, G, B data included
in an inputted video signal. The inputted video signals may include the data regarding R, G, B only, and may omit any
data regarding the W subpixel value. Thus, the processor 1230 receiving the video signals determines a W subpixel
value from R, G, B data included in an inputted video signal.
[0092] Specifically, the processor 1230 may perform gamma conversion regarding R, G, B data, and determine the
W subpixel value based on gamma-converted R, G, B data.
[0093] Further, the processor 1230 may determine R, G, B subpixel values based on the determined W subpixel value.
[0094] Specifically, the processor 1230 may perform gamma conversion regarding R, G, B data, determine a W
subpixel value based on gamma-converted R, G, B data, and determine R, G, B subpixel values by performing the
inverse gamma conversion regarding a rest of the gamma-converted R, G, B data excluding the determined W subpixel
value.
[0095] For example, when R, G, B data are gamma-converted respectively to be 80, 60, 70 and when the W subpixel
value determined based on gamma-converted R, G, B data values is 50, the processor 1230 may exclude the determined
W subpixel value, 50, from gamma-converted R, G, B data values. In other words, when excluding W subpixel value
(50) from gamma-converted R data value (80), a rest of the gamma-converted R data value may be 30. When excluding
W subpixel value (50) from gamma-converted G data value (60), a rest of the gamma-converted G data value may be
10. Further, when excluding W subpixel value (50) from gamma-converted B data value (70), a rest of the gamma-
converted B data value may be 20.
[0096] Further, the processor 1230 may perform the inverse gamma conversion regarding the rest of the gamma-
converted R, G, B data values, 30, 10, 20, and determine R, G, B subpixel values.
[0097] Further, the processor 1230 may control the panel driver 1220 so that R, G, B, and W subpixels are turned on
based on the determined R, G, B, and W subpixel values as described above.
[0098] The process for obtaining R, G, B, and W subpixel values will be specifically explained below by referring to
FIG. 13.
[0099] FIG. 13 is a diagram provided to explain the process for determining R, G, B, and W subpixel values according
to the embodiment.
[0100] Referring to FIG. 12A and FIG. 13, the processor 1230 may perform gamma conversion regarding R, G, B data
included in an inputted video signal, at block 1310, and calculate the target X, Y, Z values based on gamma-converted
R, G, B data, at block 1320. Herein, the target X, Y, Z values indicate values measured actually on the display panel
1210 when R, G, B data included in an inputted video signal are implemented to be R, G, B subpixel values on the
display panel 1210 and the video is displayed.
[0101] Specifically, the processor 1230 may calculate the target X, Y, Z values based on gamma-converted R, G, B
data using the following mathematical formula 1. 

[0102] Thus, [R; G; B] on the right side indicates gamma-converted R, G, B data, [XT; YT; ZT] indicates the target X,
Y, Z values, and the 3X3 matrix indicates conversion matrix to convert gamma-converted R, G, B data into the target
X, Y, Z values.
[0103] Further, the processor 1230 may extract a W subpixel value within a range that may not exceed the target X,
Y, Z values, at block 1330.
[0104] Specifically, the processor 1230 may extract a W subpixel value using the following mathematical formula 2. 
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[0105] Specifically, the target X, Y, Z values may be expressed as a sum of W subpixel values and the matrix conversion
of the 3X3 matrix to convert gamma-converted R, G, B data into the target X, Y, Z values with calculated values of the
variables R’, G’, B’.
[0106] Herein, the values of the variables R’, G’, B’ may respectively correspond to a rest of the gamma-converted R,
G, B data excluding the determined W subpixel, and may be the R subpixel value, the G subpixel value, and the B
subpixel value.
[0107] Further, the processor 1230 may determine R, G, B subpixel values based on the extracted W subpixel value,
at block 1340.
[0108] Thus, the processor 1230 may exclude the extracted W subpixel value from gamma-converted R, G, B data
respectively, perform the inverse gamma conversion regarding the above excluding result, and determine R, G, B
subpixel values.
[0109] Specifically, the processor 1230 may calculate the rest values (R’, G’, B’) using the following mathematical
formula 3. 

where, [XT; YT; ZT] - W[XW;YW;ZW] indicates remaining values after subtracting the target X, Y, Z values, i.e., gamma-
converted R, G, B data, respectively from the W subpixel value. Thus, R, G, B subpixel values (R’, G’, B’) may be
determined by performing the inverse gamma conversion regarding such remaining values.
[0110] Accordingly, the processor 1230 may extract the R subpixel value, the G subpixel value, the B subpixel value,
and the W subpixel value from R, G, B data included in an inputted video signal using the above described processes,
and control the panel driver 1220 so that R, G, B, and W subpixels are turned on based on the extracted R, G, B, and
W subpixel values.
[0111] The processor 1230 may control the panel driver so that a plurality of subpixels are turned on by a preset group
unit at one video frame section, and the subpixel groups arranged at a position shifted by a preset subpixel unit are
sequentially turned on.
[0112] Specifically, the processor 1230 may turn on a plurality of subpixels by a preset group unit within a certain
section of one video frame among a plurality of video frames constructing the inputted video signal, and sequentially
turn on the subpixel groups arranged at a position shifted by a preset subpixel unit within some another section of one
video frame.
[0113] Thus, the processor 1230 may time-divide one video frame section and emit the subpixels included in the
display panel 1210 at least once or more. Accordingly, the effect of increased resolution can be obtained because the
resolution corresponding to one video frame section can be compensated.
[0114] FIG. 14 is a diagram provided to explain a method for turning on a plurality of subpixels according to the
embodiment.
[0115] Referring to FIG. 14, the display panel may include a plurality of pixels, each including R, G, B, and W subpixels.
Herein, B subpixel 1422 and G subpixel 1421 may be included in one package of a pixel, and R subpixel 1423 and W
subpixel 1424 may be included in another one package of the pixel. Herein, W subpixel 1424 may emit the white light,
and thus, the brightness may be increased.
[0116] The arrangement of R, G, B, and W subpixels illustrated in FIG. 14 may be a PenTile structure in which the
subpixels are arranged in the square shape, but the arrangement is not limited herein. As one example, alternatively,
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the subpixels may be disposed in a diagonal-direction arrangement.
[0117] Specifically, a method for controlling a plurality of subpixels by using the driving frequency of 240 Hz in the
display panel 1210 will be explained below.
[0118] When the driving frequency of 240 Hz is used, the processor 1230 may turn on a plurality of R, G, B, and W
subpixels as preset group units, in four subfield sections 1410-1, 1410-2, 1410-3, and 1410-4 of one video frame section
1410.
[0119] The processor 1230 may turn on a plurality of R, G, B, and W subpixels 1423, 1421, 1422, 1424 grouped as
a preset group unit 1420, in a first subfield section 1410-1 of one video frame section 1410. Further, the preset group
units 1420 may be consecutively arranged.
[0120] Further, in a second subfield section 1410-2 of one video frame section 1410, the processor 1230 may turn on
the subpixel group 1430 arranged at a shifted position where some of the subpixels 1421, 1422, 1423, 1424 turned on
in the first subfield section 1410-1 are included.
[0121] Thus, R subpixel 1423 and W subpixel 1424 turned on in the first subfield section 1410-1 may also be turned
on in the second subfield section 1410-2. Accordingly, the subpixel group 1430 arranged at the shifted position, as well
as R subpixel 1423 and W subpixel 1424 turned on in the first subfield section 1410-1, may be turned on. Further, the
interval of shifting may be implemented to be the preset subpixel unit so as to include R subpixel 1423 and W subpixel
1424 turned on in the first subfield section 1410-1.
[0122] Further, in the second subfield section 1410-2, the processor 1230 may control so as to sequentially turn on
the subpixel group 1430 arranged at a position which is shifted to a horizontal direction by a preset subpixel unit from
the preset group unit 1420 that are turned on in the first subfield section 1410-1. Then in a third subfield section 1410-3,
the processor 1230 may control so as to sequentially turn on the subpixel group 1440 arranged at a position which is
shifted in a vertical direction by a preset subpixel unit from the preset group unit 1420 that are turned on in the first
subfield section 1410-1.
[0123] Further, in a fourth subfield section 1410-4, the processor 1230 may control so as to sequentially turn on the
subpixel group 1450 arranged at a position which is shifted in a vertical direction and a horizontal direction by a preset
subpixel unit from the preset group unit 1420 that are turned on in the first subfield section 1410-1.
[0124] As described above with reference to the second subfield section 1410-2, the preset subpixel units of the third
subfield section 1410-3 and the fourth subfield section 1410-4 are the shifting intervals that include some of the subpixels
turned on in the first subfield section 1410-1.
[0125] Further, the processor 1230 may turn on a plurality of subpixels for four times in total during one video frame
section 1410. Thus, the resolution compensation effect may be increased.
[0126] As a result, from the second subfield section 1410-2 to the fourth subfield section 1410-4, the processor 1230
may sequentially turn on the subpixel groups 1430, 1440, 1450 including a plurality of subpixels present between the
preset group units 1420 that are turned on in the first subfield section 1410-1.
[0127] As shown on the right-hand side of FIG. 14, when a plurality of subpixels are controlled by using the driving
frequency of 120 Hz, the processor 1230 may sequentially turn on a plurality of R, G, B, and W subpixels as preset
group units in two subfield sections 1460-1 and 1460-2 during one video frame section 1460.
[0128] Specifically, the processor 1230 may turn on a plurality of R, G, B, and W subpixels as a preset group unit in
a first subfield section 1460-1 during one video frame section 1460. Thereafter, in a second subfield section 1460-2, the
processor 1230 may turn on the subpixel groups arranged at a shifted position including some of the subpixels turned
on in the first subfield section 1460-1.
[0129] As shown with respect to the left-hand and right-hand sides of FIG. 14, the processor 1230 may shift the subpixel
groups by differently applying the preset subpixel unit based on the driving frequency of the display panel 1210.
[0130] Thus, when the processor 1230 turns on a plurality of subpixels by using the driving frequency of 240 Hz, the
processor may shift and sequentially turn on the subpixels grouped in preset group units in four subfield sections 1410-1
through 1410-4. When using the driving frequency of 120 Hz, the processor 1230 may shift and sequentially turn on the
subpixels grouped in preset group units in two subfield sections 1460-1 and 1460-2. Thus, the preset subpixel units
applied as the shifting intervals may be different from each other.
[0131] For example, when using the driving frequency of 120 Hz, the processor 1230 may control so as to turn on the
subpixel groups arranged at a position shifted from the position in the first subfield section 1460-1 by a preset subpixel
unit in a vertical direction and a horizontal direction in the second subfield section 1460-2. When using the driving
frequency of 240 Hz, the processor 1230 may control so as to turn on the subpixel groups arranged at a position shifted
from the position in the first subfield section 1410-1 by a preset pixel unit in a horizontal direction in the second subfield
section 1410-2. Comparing the above two examples reveals different shifting amounts from each other.
[0132] Thus, when using the driving frequency of 120 Hz, the processor 1230 may skip the processes for turning on
a plurality of subpixels in the second subfield section 1410-2 and the third subfield section 1410-3 as used in the example
of using the driving frequency of 240 Hz, and only perform the processes for turning on a plurality of subpixels in the
first subfield section 1410-1 and the fourth subfield section 1410-4, thus providing an effect of compensated resolution.
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[0133] As described above, when using a W subpixel, the brightness of the white light emitted through W subpixel
may be relatively higher than the red color light, the green color light, and the blue color light emitted through a R subpixel,
a G subpixel and a B subpixel, respectively. Thus, when comparing with a display panel using R, G, B subpixels only,
consumption of electrical power may be reduced by half.
[0134] FIG. 15 is a flowchart provided to explain a controlling method of a display apparatus including the display
panel having a plurality of pixels including R, G, B, and W subpixels, according to the embodiment.
[0135] The controlling method of the display apparatus including the display panel having a plurality of pixels including
R, G, B, and W subpixels illustrated in FIG. 15 may determine a W subpixel value by signal-processing R, G, B data
included in an inputted video signal at S1510.
[0136] At S1520, R, G, B subpixel values may be determined based on the determined W subpixel value.
[0137] At S1530, controlling is performed so that R, G, B, and W subpixels are turned on based on the determined R,
G, B, and W pixel values.
[0138] Herein, a plurality of pixels may each include the first package and the second package disposed adjacent to
the first package. The first package may include a B subpixel and a G subpixel while the second package may include
a R subpixel and a W subpixel.
[0139] Further, a partition is provided between the first package and the second package. The partition prevents the
transmission of the light emitted from the B subpixel and the G subpixel of the first package to the second package, and
prevents the transmission of the light emitted from the R subpixel and the W subpixel of the second package to the first
package.
[0140] Herein, the W subpixel may include a B subpixel and a yellow phosphor.
[0141] Further, R, G, B, and W subpixels each may be implemented as a light emitting diode (LED).
[0142] Further, the process for determining the W subpixel value may include performing gamma conversion regarding
R, G, B data, and determining the W subpixel value based on gamma-converted R, G, B data.
[0143] Further, the process for determining R, G, B subpixel values may include determining R, G, B subpixel values
by performing the inverse gamma conversion regarding a remainder of the gamma-converted R, G, B data excluding
the determined W subpixel.
[0144] Further, the controlling method of the display apparatus according to an exemplary embodiment may further
include controlling so as to turn on a plurality of pixels as a preset group unit in one video frame section and sequentially
turning on the subpixels arranged at a position shifted by a preset subpixel unit.
[0145] A non-transitory computer readable recording medium storing a program sequentially performing the controlling
method described above according to an exemplary embodiment may be provided.
[0146] For example, a non-transitory computer readable recording medium may be provided, storing a program with
instructions for determining a W subpixel value by signal-processing R, G, B data included in an inputted video signal,
determining R, G, B subpixel values based on the determined W subpixel value, and controlling so as to turn on R, G,
B, and W subpixels based on the determined R, G, B, and W subpixel values.
[0147] The ’non-transitory computer readable recording medium’ as used herein refers to a medium which stores data
semi-permanently and can be read by devices, rather than a medium storing data temporarily, such as register, cache,
or memory. Specifically, the above various applications or programs may be stored and provided in non-transitory
computer readable recording medium such as CD, DVD, hard disk, Blu-ray disk, USB, memory card, ROM, and so on.
[0148] Further, although the above block diagrams illustrating the display apparatus omit illustration of a bus, the
communication between the components of the display apparatus may be performed through a bus. Further, each device
may additionally include a processor for performing the above-described various processes such as one or more central
processing units (CPUs), one or more microprocessors, and so on.
[0149] Further, the foregoing exemplary embodiments and advantages are merely exemplary and are not to be con-
strued as limiting the exemplary embodiments. The present teaching can be readily applied to other types of apparatuses.
Also, the description of the exemplary embodiments of the present inventive concept defined by the claims is intended
to be illustrative, and not to limit the scope of the claims.

Claims

1. A display panel comprising:

a plurality of pixels, each pixel (200) comprising a red (R) subpixel (221), a green (G) subpixel (212), a blue (B)
subpixel (211), and a white (W) subpixel (222), the subpixels each implemented as a light emitting diode (LED),
and the white (W) subpixel comprising yellow phosphor over B LED,
wherein each pixel of the plurality of pixels comprises:
a first package (210) comprising a first plate on which the B subpixel and the G subpixel are disposed;
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a second package (220) comprising a second plate, different from the first plate, on which the R subpixel and
the W subpixel are disposed, the second package disposed adjacent to the first package; and
a partition (230) being a material disposed between the first package and the second package, wherein the
partition is a physical barrier preventing crossover of the light from the first package to the second package and
vice versa.

2. A display apparatus (1200) comprising the display panel of claim 1, the apparatus further comprising:

a panel driver (1220) configured to drive the display panel;
a processor (1230) configured to, for each pixel, identify a W subpixel value by signal-processing R, G, B data
for the pixel included in an inputted video signal, identify R, G, B subpixel values based on the identified W
subpixel value, and control the panel driver so that the R, G, B, and W subpixels are turned on based on the
identified R, G, B, and W subpixel values.

3. The display apparatus of claim 2, wherein the processor performs, for each pixel, gamma conversion regarding R,
G, B data, identifies a W subpixel value based on the gamma-converted R, G, B data, and identifies R, G, B subpixel
values by performing inverse gamma conversion regarding a rest of the gamma-converted R, G, B data excluding
the identified W subpixel value.

4. The display apparatus of claim 2, wherein the processor controls the panel driver so that, in one video frame section,
a plurality of R, G, B, and W subpixels are turned on as a preset group unit, and the subpixel groups arranged at a
position shifted by a preset subpixel unit are sequentially turned on.

5. A controlling method of a display apparatus including a display panel including a plurality of pixels, each pixel
comprising a red (R) subpixel, a green (G) subpixel, a blue (B) subpixel, and a white (W) subpixel, each of the
plurality of pixels comprising a first package comprising a first plate on which the B subpixel and the G subpixel are
disposed and a second package comprising a second plate, different from the first plate, on which the R subpixel
and the W subpixel are disposed, the subpixels each implemented as a light emitting diode (LED), and the white
(W) subpixel comprising yellow phosphor over B LED, and a partition being a material disposed between the first
package and the second package, the second package disposed adjacent to the first package, the controlling method
comprising:

identifying, for each pixel, a W subpixel value by signal-processing R, G, B data included in an inputted video
signal;
identifying R, G, B subpixel values based on the determined W subpixel value; and
controlling so that R, G, B, and W subpixels are turned on based on the identified R, G, B, and W subpixel
values, wherein the partition is a physical barrier preventing crossover of the light from the first package to the
second package and vice versa.

6. The controlling method of claim 5, wherein the identifying the W subpixel value comprises performing gamma
conversion regarding R, G, B data, and identifying the W subpixel value based on the gamma-converted R, G, B data.

Patentansprüche

1. Ein Anzeigefeld, das Folgendes umfasst:
Mehrere Pixel, wobei jedes Pixel (200) ein rotes (R) Sub-Pixel (221), ein grünes (G) Sub-Pixel (212), ein blaues (B)
Sub-Pixel (211) und ein weißes (W) Sub-Pixel (222) umfasst, die Sub-Pixel werden jeweils als eine lichtemittierende
Diode (LED) implementiert, und das weiße (W) Sub-Pixel umfasst gelben Phosphor über B LED, wobei jedes Pixel
Folgendes umfasst:

ein erstes Paket (210), das eine erste Platte umfasst, auf der das B Sub-Pixel und das G Sub-Pixel angeordnet
sind;
ein zweites Paket (220), das eine zweite Platte umfasst, die sich von der ersten Platte unterscheidet und auf
der die R Sub-Pixel und die W Sub-Pixel angeordnet sind, wobei das zweite Paket neben dem ersten Paket
angeordnet ist; und
eine Teilung (230), die aus einem Material zwischen dem ersten und zweiten Paket angeordnet ist, wobei die
erste Teilung eine physische Grenze ist, die verhindert, dass das Licht von dem ersten Paket zu dem zweiten
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Paket und umgekehrt gelangt.

2. Ein Bildschirmgerät (1200), das das Anzeigefeld aus Anspruch 1 umfasst, wobei das Gerät weiterhin Folgendes
umfasst:

ein Panel-Treiber (1220), der das Anzeigefeld steuert;
einen Prozessor (1230), der für jedes Pixel einen W Sub-Pixel-Wert identifiziert, indem Daten von R, G, B
signalprozessiert werden, und zwar für die Pixel, die Teil eines zugeführten Videosignals sind. Des Weiteren
werden R, G, B Sub-Pixel-Werte basierend auf dem identifizierten W Sub-Pixel-Wert identifiziert und der Panel-
Treiber so gesteuert, dass die R, G, B und W Sub-Pixel aktiviert werden, basierend auf den identifizierten R,
G, B und W Sub-Pixel-Werten.

3. Das Bildschirmgerät aus Anspruch 2, wobei der Prozessor für jedes Pixel und hinsichtlich der R, G, B Daten eine
Gamma-Konvertierung realisiert, einen W Sub-Pixel-Wert basierend auf der gammakonvertierten R, G, B Daten
identifiziert und R, G, B Sub-Pixel-Werte identifiziert, indem hinsichtlich der restlichen gammakonvertierten R, G, B
Daten, unter Ausschluss des identifizierten W Sub-Pixel-Wertes, eine invertiere Gamma-Konvertierung realisiert
wird.

4. Das Bildschirmgerät aus Anspruch 2, wobei der Prozessor den Panel-Treiber so steuert, dass in einem Videoein-
zelbild mehrere R, G, B und W Sub-Pixel als vorab festgelegte Gruppeneinheit aktiviert werden, und die Sub-Pixel-
Gruppen in eine von der vorab festgelegten Sub-Pixel-Einheit arrangierten Position sequenziell aktiviert werden.

5. Eine Kontrollmethode für ein Bildschirmgerät, das ein Anzeigefeld mit mehreren Pixeln enthält, wobei jedes Pixel
ein rotes (R) Sub-Pixel, ein grünes (G) Sub-Pixel, ein blaues (B) Sub-Pixel und ein weißes (W) Sub-Pixel umfasst,
und jedes Pixel ein erstes Paket mit einer ersten Platte umfasst, auf der die B und G Sub-Pixel angeordnet sind,
und ein zweites Paket mit einer zweiten Platte, die sich von der ersten unterscheidet, auf der die R und W Sub-
Pixel angeordnet sind und jedes Sub-Pixel als lichtemittierende Diode (LED) implementiert ist und das weiße (W)
Sub-Pixel gelbes Phosphor über B LED enthält, und eine Teilung, die aus einem Material das zwischen dem ersten
und zweiten Paket angeordnet ist, besteht, wobei das zweite Paket neben dem ersten Paket angeordnet ist, und
die Kontrollmethode Folgendes umfasst:

das Identifizieren eines W Sub-Pixel-Wertes für jedes Pixel, indem R, G, B Daten eines eingehenden Videosi-
gnals signalprozessiert werden;
das Identifizieren von R, G, B Sub-Pixel-Werten basierend auf dem identifizierten W Sub-Pixel-Wert; und
das Steuern, so dass R, G, B und W Sub-Pixel basierend auf den identifizierten R, G, B und W Sub-Pixel-
Werten aktiviert werden, wobei die Teilung eine physische Grenze ist, die verhindert, dass das Licht von dem
ersten Paket zu dem zweiten Paket und umgekehrt gelangt.

6. Die Kontrollmethode aus Anspruch 5, wobei das Identifizieren des W Sub-Pixel-Werts umfasst, dass R, G und B
Daten gammakonvertiert werden und der W Sub-Pixel-Wert basierend auf den gammakonvertierten R, G und B
Daten identifiziert wird.

Revendications

1. Un panneau d’affichage incluant :
un nombre de pixels, chaque pixel (200) incluant un sous-pixel rouge (R) (221), un sous-pixel vert (G) (212), un
sous-pixel bleu (B) (211) et un sous-pixel blanc (W) (222), chaque sous-pixel fonctionnant comme une diode élec-
troluminescente (LED) et le sous-pixel blanc (W) incluant la LED B sur phosphore jaune, chaque pixel de l’écran
utilisant :

un premier module (210) intégrant une première plaque sur laquelle le sous-pixel B et le sous-pixel G sont placés.
un deuxième module (220) avec une deuxième plaque, qui est différente de la première plaque, sur laquelle le
sous-pixel R et le sous-pixel W sont placés. Le deuxième module est placé à côté du premier module.
Une cloison (230) consistant en un matériau placé entre le premier module et le second module constitue une
barrière physique qui bloque le passage de la lumière du premier module au deuxième module et inversement.

2. Un dispositif d’affichage (1200) comprenant un panneau de visualisation conformément à la revendication 1 et
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l’appareil, incluant en outre :

un pilote (1220) configuré pour piloter le panneau de visualisation ;
un processeur (1230) configuré pour identifier, pour chaque pixel, une valeur de sous-pixel W par analyse des
signaux R, G, B du pixel dans un signal vidéo reçu, pour identifier les valeurs de sous-pixels R, G, B d’après
la valeur identifiée du sous-pixel W et pour contrôler le pilote du panneau de visualisation pour que les sous-
pixels R, G, B et W soient allumés en fonction des valeurs identifiées des sous-pixels R, G, B et W.

3. L’appareil d’affichage de la revendication 2, dont le processeur exécute la conversion gamma des données R, G,
G de chaque pixel, identifie une valeur de sous-pixel W basée sur les données R, G, B converties et identifie les
valeurs de sous-pixel R, G, B grâce à la conversion gamma inverse du reste des données R, G, B converties, à
l’exclusion de la valeur de sous-pixel W identifiée.

4. L’appareil d’affichage de la revendication 2, dont le processeur contrôle le pilote du panneau de visualisation de
telle façon que dans une section d’une trame vidéo, plusieurs sous-pixels R, G, B et W sont allumés et forment une
unité de groupe préconfigurée et que les groupes de sous-pixels placés dans une position réglée par une unité de
sous-pixel préconfigurée s’allument pour former une séquence

5. Une méthode de contrôle d’un appareil d’affichage incluant un panneau de visualisation avec un certain nombre
de pixels, où chaque pixel inclut un sous-pixel rouge (R), un sous-pixel vert (G), un sous-pixel bleu (B) et un sous-
pixel blanc (W), plusieurs groupes de pixels comprenant chacun un premier module contenant une première plaque
sur laquelle le sous-pixel B et le sous-pixel G sont placés ; et un deuxième module contenant une deuxième plaque,
différente de la première plaque, sur laquelle le sous-pixel R et le sous-pixel W sont placés. Chaque sous-pixel
fonctionne comme une diode électroluminescente (LED) et le sous-pixel W blanc contenant la LED B sur phosphore
jaune et une cloison physique placée entre le premier et le deuxième module, le deuxième module étant placé à
côté du premier module. La méthode de contrôle à pour rôle :

d’identifier pour chaque pixel, une valeur de sous-pixel W par analyse des signaux R, G, B présent dans un
signal vidéo reçu,
d’identifier les valeurs de sous-pixel R, G, B en fonction de la valeur déterminée du sous-pixel W et contrôler
que les sous-pixels R, G, B et W sont allumés selon les valeurs identifiées des sous-pixels R, G, B et W
identifiées, où la cloison est une barrière physique qui bloque le passage de la lumière du premier module au
deuxième module et inversement.

6. La méthode de contrôle de la revendication 5, où l’identification de la valeur du sous-pixel W inclut la conversion
gamma des données R, G, B et l’identification de la valeur du sous-pixel W d’après les données R, G, B après
conversion gamma.
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