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FIG. 6A
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MICRO LED DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2017-0176452, filed
on Dec. 20, 2017, the disclosure of which is incorporated
herein by reference in its entirety.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a micro light-
emitting diode (LED) display device having a redundancy
micro LED and a method of driving the same.

Discussion of the Related Art

[0003] Since an organic electroluminescent device using
poly (p-phenylenevinylene) (PPV), which is one of the
conjugate polymers, has been developed, research on the
organic materials such as the conjugate polymers having
conductivity has been actively conducted. Research for
applying such organic materials to thin film transistors
(TFTs), sensors, lasers, photoelectric elements, etc., is con-
tinuing to be pursued, as is research on an organic electrolu-
minescent display device.

[0004] In the case of an electroluminescent device com-
posed of a phosphor-type inorganic material, because an AC
voltage of 200 V or more may be required for operation and
a manufacturing process of a such a device may be made by
a vacuum deposition, there may be disadvantages such as it
being difficult to increase a size of the device. Furthermore,
it may be difficult to achieve a blue luminescence. In
addition, manufacturing cost may be high.

[0005] However, an electroluminescent device made of an
organic material may have advantages such as an excellent
luminescent efliciency, the ability to make a large-sized
device, a simple manufacturing process, and blue lumines-
cence. Furthermore, such a device has been spotlighted as a
next generation display device that can be bent.

[0006] Currently, an active matrix organic electrolumines-
cent display device having an active driving element in each
pixel has been actively studied as a flat panel display like a
liquid crystal display device.

[0007] However, such an organic electroluminescent dis-
play device may have the following problems.

[0008] In general, an organic electroluminescent display
device uses a fine metal shadow mask to deposit an organic
luminescent layer on a substrate. However, a process using
such a metal shadow mask may have a limitation in forming
a large area organic electroluminescent display device. In
addition, in the case of a high resolution display device, the
metal shadow mask must be manufactured with high reso-
lution, but there may be limitations to manufacturing such a
metal shadow mask.

[0009] In order to solve such problems, an organic elec-
troluminescent display device in which a white luminescent
device and a color filter are combined has been proposed. In
such a white organic electroluminescent display device,
there may be advantages including that a used amount of the
organic material is small, a process time is short, a yield is
high, and a cost is reduced. However, in the white organic

Jun. 20, 2019

electroluminescent display device, a brightness may be
lowered due to a light absorption by the color filter, and the
color purities may be lowered. In addition, there is still a
limit to manufacturing a large-sized display device.

SUMMARY

[0010] Accordingly, the present disclosure is directed to a
micro LED display device that substantially obviates one or
more problems due to limitations and disadvantages of the
related art.

[0011] It is an object of the present disclosure to provide
a micro LED display device having a micro LED.

[0012] It is another object of the present disclosure to
provide a micro LED display device capable of preventing
a degradation of an image quality due to a defective pixel by
providing a redundancy micro LED and embodying realis-
tically a HDR (High Dynamic Range) image by further
driving a redundancy micro LED, and a driving method
thereof.

[0013] Additional features and advantages of the disclo-
sure 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 the disclosure. The objectives and
other advantages of the disclosure will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0014] To achieve these and other advantages and in
accordance with the purpose of the disclosure, as embodied
and broadly described herein, there is provided a micro LED
display device comprising a display panel including a plu-
rality of pixel areas each having a thin film transistor, and a
first micro LED and a second micro LED in each pixel area,
wherein the first micro LED is configured to emit light to
display an image, and the second micro LED is configured
to emit light to improve a displayed brightness for a specific
area of the image.

[0015] In another aspect, a display device comprises a
display panel including a plurality of pixel areas, wherein
each pixel area includes a first LED and a second LED, and
wherein the display device is configured to drive the second
LED to emit light based on the first LED being defective.

[0016] In the present disclosure, a micro LED composed
of an inorganic material is transferred on a large area
substrate to manufacture a display device, so that a large area
display device having a high brightness, a long life, and a
low unit cost can be easily manufactured.

[0017] In addition, in the present disclosure, a main lumi-
nescent micro LED and a redundancy micro LED are
arranged in one pixel area, and when the pixel area is
defective, the redundancy micro LED is driven to repair the
defective pixel.

[0018] Also, in the present disclosure, the main lumines-
cent micro LED is driven to display an image, and in a
specific area such as the dynamic range extended area, a
redundancy micro LED is further driven other than the main
luminescent micro LED, thereby greatly improving the
brightness and contrast ratio of the corresponding area and
the HDR image can be embodied close to an image of a real
object.

[0019] It is to be understood that both the foregoing
general description and the following detailed description of
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the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0021] FIG. 1 is a view schematically illustrating a micro
LED display device in accordance with an example embodi-
ment of the present disclosure.

[0022] FIG. 2 is a perspective view schematically illus-
trating a micro LED display panel in accordance with an
example embodiment of the present disclosure.

[0023] FIG. 3 is a cross-sectional view illustrating a struc-
ture of a micro LED display panel in accordance with an
example embodiment of the present disclosure.

[0024] FIG. 4 is a cross-sectional view illustrating an
example structure of the micro LED shown in FIG. 3.
[0025] FIG. 5 is a block diagram illustrating a structure of
an image processing unit of a micro LED display device in
accordance with an example embodiment of the present
disclosure.

[0026] FIGS. 6A and 6B are views illustrating a real image
in nature and a SDR (Standard Dynamic Range) image,
respectively.

[0027] FIGS.7A and 7B are views illustrating a real image
in nature and a HDR (High Dynamic Range) image, respec-
tively.

[0028] FIGS. 8A and 8B are views illustrating 2 HDR

image displayed in a micro LED display device having a
general structure and a HDR image displayed in a micro
LED display device in accordance with an example embodi-
ment of the present disclosure, respectively.

[0029] FIG. 9 is a flow chart illustrating a driving method
of a micro LED display device in accordance with an
example embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0030] Reference will now be made in detail to the
embodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings.

[0031] The advantages and the features of the present
disclosure and the method of achieving them will become
apparent with reference to the embodiments described in
detail below together with the accompanying drawings. The
present disclosure may, however, be embodied in many
different forms and should not be limited to the embodi-
ments disclosed below. Rather, these embodiments are pro-
vided so that this disclosure of the present disclosure will be
complete, and will fully convey the scope of the disclosure
to those skilled in the art to which the preset disclosure
pertains, and the present disclosure is merely defined by the
scope of claims.

[0032] The shapes, the sizes, the ratios, the angles, the
numbers, etc., disclosed in the drawings for describing the
embodiments of the present disclosure are illustrative of
examples, and thus, the present disclosure is not limited to
the illustrated matters. Like reference numerals refer to like
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elements throughout the specification. In addition, in
describing the present disclosure, when it is determined that
a specific description with regard to the related known
technology may interrupt the gist of the present disclosure
unnecessarily, the detailed description thereof may be omit-
ted. In the case where “includes,” “has,” “composed of,”
etc., are used in the present specification, other parts may be
added unless otherwise specified with a word like “only.”
When the component is expressed as the singular, and there
is no explicit description, it includes the case of including
the plural. In interpreting the components, it is construed to
include an error range even if there is no separate explicit
description.

[0033] In the case of a description of a positional relation-
ship, for example, when the positional relationship between
two parts is described as “on~,” “in an upper part~,” “in a
lower part~,” or “next~,” unless otherwise specified with a
word like “immediately” or “directly,” one or more other
parts may be disposed between two parts.

[0034] In the case of a description of a temporal relation-
ship, for example, if a temporal order relationship is
described by “after~,” “following~,” “subsequently~,”
“before~,” etc., unless otherwise specified with a word like
“immediately” or “directly,” the case which is not continu-
ous may be also included.

[0035] The first, second, etc., are used to describe various
components, but these components are not limited by these
terms. These terms are merely used to distinguish one
component from another component. Therefore, the first
component mentioned below may be the second component
within the technical spirit of the present disclosure.

[0036] Each of the features of the various embodiments of
the present disclosure may be coupled or combined with
each other, partially or entirely, and technically various
connections and drivings are possible, and the embodiments
may be provided independently of each other, and can be
provided in an associative relation.

[0037] Hereinafter, the present disclosure will be
described in detail with reference to the accompanying
drawings.

[0038] FIG. 1 is a view illustrating a micro LED display
device in accordance with an example embodiment of the
present disclosure.

[0039] As shown in FIG. 1, a micro LED display device
includes a micro LED display panel 100 and a panel driving
unit for driving the micro LED display panel 110.

[0040] Although not shown in the figure, the micro LED
display panel 100 includes a plurality of pixels P defined by
a plurality of gate lines and data lines, and each pixel
includes a thin film transistor and red (R), green (G), and
blue (B) micro LEDs.

[0041] The panel driving unit includes a gate driving unit
170, a data driving unit 174, a timing controlling unit 180,
and an image processing unit 190.

[0042] The gate driving unit 170 generates a gate signal
according to a gate control signal GCS supplied from the
timing controlling unit 180 and sequentially outputs the
generated gate signal to the gate line of the display panel
100.

[0043] The data driving unit 174 generates a data signal
from an externally input image data RGB according to a data
control signal DCS supplied from the timing controlling umt
180 and outputs the generated data signal to the data line DL
of the display panel 100. The data driving unit 174 receives
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a plurality of reference gamma voltages from a gamma
voltage supplier (not shown), and converts the image data
RGB into a data signal in an analog form using a plurality
of reference gamma voltages, and outputs it to a database.
[0044] The timing controlling unit 180 generates a gate
control signal GCS and a data control signal DCS according
to a control signal CNT input from an external system (not
shown). The gate control signal GCS includes a gate start
pulse GSP, a gate shift clock GSC, and an output enable
signal GOE, etc., and is supplied to the gate driving unit 170.
The data control signal DCS includes a source start pulse
SSP, a source sampling clock SSC, an output enable signal
SOE, a polarity control signal POL, etc., and is supplied to
the data driving unit 174.

[0045] The timing controlling unit 180 outputs the image
data RGB' processed in the image processing unit 190 to the
data driving unit 174.

[0046] The image processing unit 190 analyzes the format
of the image data RGB input from the outside and analyzes
whether the image is a SDR (Standard Dynamic Range)
image or a HDR (High Dynamic Range) image, processes
the image according to the format of the analyzed image,
and simultaneously sets an extended area of a dynamic range
to supply it to the timing controlling unit 180.

[0047] The timing controlling unit 180 increases the
brightness of the corresponding area according to the DR
extended area information input from the image processing
unit 190, thereby realizing an image close to a real image.
[0048] FIG. 2 is a plan view schematically illustrating a
micro LED display panel 100 in accordance with an
example embodiment of the present disclosure.

[0049] As shown in FIG. 2, the micro LED display panel
100 includes a substrate 110, a plurality of first micro LEDs
140 and a plurality of second micro LEDs 142 mounted on
the substrate 110.

[0050] The substrate 110 may be composed of a transpar-
ent material such as glass, and a plurality of pixel areas P are
formed on the substrate. Although not shown in the figure,
the substrate 110 is a TFT array substrate, and various
wirings and a thin film transistor for driving the first micro
LED 140 and the second micro LED 142 are formed in a
pixel area P in an upper surface thereof. As an example,
when the thin film transistor is turned on, a driving signal
input from the outside through the wiring is applied to the
micro LED 140, and the micro LED 140 is luminescent to
realize an image.

[0051] The first micro LED 140 arranged in the pixel area
P is composed of R, G, and B micro LEDs 140R, 140G, and
140B and the second micro LED 142 is also composed of R,
G, and B LEDs 142R, 142G, 142B.

[0052] The first micro LED 140 is a main luminescent
micro LED and emits light of R, G, and B colors respec-
tively from the micro LEDs 140R, 140G, and 140B for R,
G, and B to display an image as the signal is applied from
outside. The second micro LED 142 is a redundancy micro
LED and may operate instead of the first micro LED 140
when a defect occurs in the first micro LED 140 of a specific
pixel. Although not shown in the drawings, a gate line, a data
line, and a thin film transistor for realizing the first micro
LED 140 are formed in the pixel area of each micro LED
display panel 100, as well as a separate redundancy gate line,
a redundancy data line, and a redundancy thin film transistor
for driving the second micro LED 142. In other words, the
first micro LED 140 and the second micro LED 142 operate
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separately by a different thin film transistor from each other
driven by a signal input through a different path from each
other.

[0053] The first micro LED 140 and the second micro
LED 142 are formed in the same structure and have the same
optical and electrical properties, and are manufactured by a
process separate from a TFT array process of the substrate
110. In a general organic electroluminescent display device,
both the TFT array process and the organic luminescent
layer are formed by a photo process. In contrast, in the micro
LED display device of the present disclosure, the thin film
transistor and various wirings arranged on the substrate 110
may be formed by a photo process, while the first micro LED
140 and the second micro LED 142 are manufactured by a
separate process. The first micro LED 140 and the second
micro LED 142 manufactured separately are transferred on
the substrate 110. Thus, the micro LED display device is
manufactured.

[0054] As such, in the micro LED display device of the
present disclosure, the first micro LED 140 and the second
micro LED 142 for redundancy may be arranged in one pixel
area P, as discussed below.

[0055] In the micro LED display device, the micro LEDs
140 and 142 are manufactured separately from the process
of the TFT array substrate 110, that is, the TFT, and then
transferred to the display panel 100. Therefore, there may be
no way to repair the defective micro LED 140 when a defect
is generated in the micro LED 140. Of course, it may be
possible to exchange the micro LED 140 at a specific point
where the defect occurs with a normal micro LED, but it
may not be possible to remove the fine size of the micro LED
140 from the display panel 100 and transfer another micro
LED 140 at this position again.

[0056] Therefore, in the present disclosure, the redun-
dancy micro LED 142 may be provided separately from the
main luminescent micro LED 140 so that when a defect is
generated in the main luminescent micro LED 140, a signal
is not applied to the defective micro LED 140 and is instead
applied to the corresponding redundancy micro LED 142,
thereby preventing an image quality degradation due to the
defective micro LED 140.

[0057] On the other hand, the micro LEDs 140 and 142
may have a size of 10-100 um, and may be formed by thin
film growing a plurality of the organic materials such as Al,
Ga, N, P, As, In, etc., on a sapphire substrate or a silicon
substrate, and cutting and separating the sapphire substrate
or the silicon substrate. As such, because the micro LEDs
140 and 142 are formed in a fine size, they may be
transferred to a flexible substrate such as a plastic, and a
flexible display device can be manufactured. In addition,
unlike the organic luminescent layer, the micro LED 140
may be formed by thin film growing an inorganic material,
so that the manufacturing process is simple and the yield is
improved. In addition, because the micro-LEDs 140 and 142
separated from each other can be simply transferred onto the
large area substrate 110, a large area display device may be
manufactured. Further, the micro LEDs 140 and 142 made
of an inorganic material may have advantages such as a high
brightness, long life, and low unit cost compared to the LED
manufactured with the organic luminescent material.
[0058] FIG. 3 is a cross-sectional view specifically illus-
trating a structure of a micro LED display device 100 in
accordance with an example embodiment of the present
disclosure. At this time, the first micro LED 140 and the
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second micro LED 142 have the same structure. Also, the
respective pixel areas P of the display panel 100, to which
the first micro LED 140 and the second micro LED 142 are
transferred, have the same structure. Thus, a structure in
which only the first micro LED 140 is transferred is
described for convenience of explanation.

[0059] As shown in FIG. 3, a thin film transistor (TFT) is
arranged in a display area of the substrate 110, and a pad 152
is arranged in a pad area. The substrate 110 is composed of
a transparent material such as glass, but it is not limited
thereto and may be composed of various transparent mate-
rials. In addition, the substrate 110 may be composed of a
flexible transparent material.

[0060] The thin film transistor TFT includes a gate elec-
trode 101 formed on a substrate 110, a gate insulating layer
112 formed over an entire area of the substrate 110 and
covering the gate electrode 101, a semiconductor layer 103
formed on the gate insulating layer 112, and a source
electrode 105 and a drain electrode 107 formed on the
semiconductor layer 112.

[0061] The gate electrode 101 may be formed of a metal
such as Cr, Mo, Ta, Cu, Ti, Al, an Al alloy, or an alloy
thereof. The gate insulating layer 112 may be made of a
single layer of inorganic insulating materials, such as SiOx
or SiNx, or a plurality of layers made of SiOx and SiNx.
[0062] The semiconductor layer 103 may be composed of
an amorphous semiconductor, such as amorphous silicon. It
may be composed of an oxide semiconductor, such as [GZO
(Indium Gallium Zinc Oxide), TiO,, ZnO, WO;, or SnO,.
When the semiconductor layer 103 is formed of an oxide
semiconductor, the size of the thin film transistor (TFT) may
be reduced, a driving power may be reduced, and an electric
mobility may be improved. In the present disclosure, the
semiconductor layer of the thin film transistor is not limited
to a specific material, but all types of semiconductor mate-
rials currently used in thin film transistors may be used.
[0063] The source electrode 105 and the drain electrode
107 may be made of a metal such as Cr, Mo, Ta, Cu, Ti, Al,
an Al alloy, or an alloy thereof. At this time, the drain
electrode 107 acts as a first electrode to apply a signal to the
micro LED.

[0064] Meanwhile, although the thin film transistor (TFT)
is a bottom gate type thin film transistor in the drawing, the
present disclosure is not limited to the thin film transistor
having such a specific structure, but a thin film transistor
having various structures such as a top gate type transistor
may be applied.

[0065] The pad 152 arranged in the pad area may be
formed of a metal such as Cr, Mo, Ta, Cu, Ti, Al, an Al alloy,
or an alloy thereof. At this time, the pad 152 may be formed
by a different process from the gate electrode 101 of the thin
film transistor (TFT), but in order to simplify the process, the
pad 152 may be formed in the same process as the gate
electrode 101.

[0066] Although not shown in the figure, the pad may be
formed on the gate insulating layer 112. At this time, the pad
may be formed by a different process from the source
electrode 105 and the drain electrode 107 of the thin film
transistor (TFT), but in order to simplify the process, the pad
may be formed in the same process as the source electrode
105 and the drawn electrode 107.

[0067] Inaddition, a second electrode 109 is formed on the
gate insulating layer 114 in the display area. At this time, the
second electrode 109 may be formed of a metal such as Cr,
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Mo, Ta, Cu, Ti, Al, an Al alloy, or an alloy thereof. It can be
formed by the process the same as that of the first electrode
107 (e.g., the drain electrode of the thin film transistor).
[0068] A first insulating layer 114 is formed on the sub-
strate 110 on which the thin film transistor TFT is formed
and the first micro LED 140 is arranged on the first insu-
lating layer 114 in the display area. At this time, in the
drawings, a part of the first insulating layer 114 is removed
and the first micro LED 140 is arranged in the removed area,
but the first insulating layer 114 may not be removed. The
first insulating layer 114 may be composed of an organic
layer, such as photo-acryl, and may be composed of a
combination of one or more inorganic layers and one or
more organic layers, e.g., an inorganic layer/an organic
layer, and an inorganic layer/an organic layer/an inorganic
layer.

[0069] The first micro LED 140 may generally use a group
III-V nitride semiconductor material, but is not limited
thereto.

[0070] FIG. 4 is a view illustrating a structure of a micro
LED 140 of a micro LED display device in accordance with
an example embodiment of the present disclosure. As shown
in FIG. 4, the micro LED 140 according to an example
embodiment of the present disclosure is composed of an
undoped GaN layer 144, an n-type GaN layer 145 arranged
on the GaN layer 144, an active layer 146 having a multi-
quantum well (MQW) structure arranged on the n-type GaN
layer 145, a p-type GaN layer 147 arranged on the active
layer 146, an ohmic contact layer 148 which is formed as a
transparent conductive material and arranged on the p-type
GaN layer 147, a p-type electrode 141 that is in contact with
a part of the ohmic contact layer 148, and a n-type electrode
143 which is in contact with a part of the n-type GaN layer
145 that is exposed by etching the part of the active layer
146, the p-type GaN layer 147, and the ohmic contact layer
148.

[0071] The n-type GaN layer 145 is a layer for supplying
an electron to the active layer 146. It is formed by doping the
n-type impurities, such as Si, into the GaN semiconductor
layer.

[0072] Theactive layer 146 is a layer in which the injected
electrons and holes are combined to emit light. Although not
shown in the figure, the multiple quantum well structure of
the active layer 146 includes a plurality of barrier layers and
well layers alternately arranged, with the well layer is
composed of an InGaN layer and the barrier layer is com-
posed of GaN, but embodiments are not limited thereto.
[0073] The p-type GaN layer 147 is a layer for injecting
the holes into the active layer 146, and it is formed doped
with p-type impurities such as Mg, 7Zn, and Be.

[0074] The ohmic contact layer 148 is to ohmically con-
tact the p-type GaN layer 147 and the p-type electrode 141.
Transparent metal oxides, such as ITO (Indium Tin Oxide),
1GZO (Indium Galium Zinc Oxide), and IZ0O (Indium Zinc
Oxide), can be used.

[0075] The p-type electrode 141 and the n-type electrode
143 may be composed of a single layer or a plurality of
layers made of at least one metal of Ni, Au, Pt, Ti, Al, or an
alloy thereof.

[0076] In such a structure, as the voltage is applied to the
p-type electrode 141 and the n-type electrode 143 in the
micro LED 140, each electron and hole is injected from the
n-type GaN layer 145 and the p-type GaN layer 147 respec-
tively to the active layer 146. An exciton is generated within
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the active layer 146, and as the extions decay, the light
corresponding the energy difference between LUMO (Low-
est Unoccupied Molecular Orbital) and HOMO (Highest
Occupied Molecular Orbital) of the luminescent layer is
generated and emitted to the outside.

[0077] At this time, a wavelength of the light luminescent
from the micro LED 140 can be adjusted by adjusting a
thickness of the barrier layer of the multiple quantum well
structure of the active layer.

[0078] The micro LED 140 may be formed in a size of
about 10-100 um. Although not shown in the drawing, the
micro LED 140 is manufactured by forming a buffer layer on
a substrate and growing a GaN thin film on the buffer layer.
At this time, sapphire, silicon, GaN, silicon carbide (SiC),
gallium arsenide (GaAs), zinc oxide (Zn0O), etc., can be used
as a substrate for growing the GaN thin film.

[0079] In addition, when the substrate for growing a GaN
thin film is composed of material other than a GaN, and it
is to prevent the quality degradation due to a lattice mis-
match generated when directly growing a n-type GaN layer
145 which is an Epi layer on the substrate, AIN or GaN, etc.,
may be used.

[0080] The n-type GaN layer 145 may be formed by
growing a GaN layer 144 not doped with the impurities and
then doping an n-type impurity, such as Si, on an upper part
of the thin film that is not doped. In addition, the p-type GaN
layer 147 can be formed by growing an GaN thin film that
is not doped and then doping the p-type impurities, such as
Mg, Zn, and Be.

[0081] Although the micro LED 140 having a specific
structure is arranged on the first insulating layer 114 in the
drawings, the present disclosure is not limited to the micro
LED 140 having such a specific structure. The micro LEDs
in various structures, such as a vertically structured micro
LED and a horizontally structured micro LED, can be
applied.

[0082] With reference again to FIG. 3, a second insulating
layer 116 is formed on the first insulating layer 114 on which
the first micro LED 140 is mounted. At this time, the second
insulating layer 116 may be formed of an organic layer, such
as photo-acryl, an inorganic layer/an organic layer, or an
inorganic layer/an organic layer/an inorganic layer, and
covers an upper area of the micro LED 140.

[0083] A first contact hole 1144 and a second contact hole
1145 are formed, respectively, in the first insulating layer
114 and the second insulating layer 116 in an upper part of
the second electrode 109 and the thin film transistor TFT,
and the drain electrode 107 and the second electrode 109 of
the thin film transistor TFT are exposed to the outside,
respectively. In addition, a third contact hole 1164 and a
fourth contact hole 1164 are formed, respectively, in the
second insulating layer in an upper part of the p-type
electrode 141 and the n-type electrode 143 of the first micro
LED 140, and the p-type electrode 141 and the n-type
electrode 143 are exposed to the outside.

[0084] A first connection electrode 117a and a second
connection electrode 117b composed of a transparent metal
oxide, such as ITO, IGZ0, or IGO, are formed in an upper
part of the second insulation layer 116. The drain electrode
107 of the thin film transistor TFT and the p-type electrode
141 of the micro LED 140 are electrically connected by the
first contact hole 114a and the third electrode 117a through
the first contact hole 114a and the third contact hole 116a.
The second electrode 109 and the n-type electrode 143 of the
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first micro LED 140 are electrically connected by the second
connection electrode 1175 through the second contact hole
1145 and the fourth contact hole 1165.

[0085] In addition, a buffer layer 118 composed of an
inorganic material and/or an organic material is formed in an
upper surface of the substrate 110 to cover the micro LED
140.

[0086] As described above, in an example embodiment of
the present disclosure, when the first micro LED 140 and the
second micro LED 142 are provided in the pixel area P and
a defect is generated in the first micro LED 140 in the pixel
area P, the image degradation due to the defect of the first
micro LED 140 can be prevented by not applying the signal
to the first micro LED 140 and by instead applying the signal
to the second micro LED 142 such that the second micro
LED 142 is luminescent.

[0087] At this time, the timing controlling unit 180 outputs
a gate control signal including information on the pixel area
P in which a defect is generated, to the gate driving unit 170.
The gate driving unit 170 applies the gate signal to the
redundancy gate line, instead of the main gate line, with
regard to the corresponding pixel area P according to the
gate control signal to drive the second micro LED 142 of the
corresponding pixel area P. Information on the pixel area P
in which a defect is generated can be created in a lookup
table and stored in a memory. The timing controlling unit
180 generates a gate control signal based on the look-up
table and outputs it to the gate driving unit 170.

[0088] Meanwhile, because the second micro LED 142 is
a redundancy micro LED that operates only when the first
micro LED 140 is defective, it is not used when a defect is
not generated in the first micro LED 140. A second micro
LED 142 may be arranged in all pixel areas P of the micro
LED display panel 100, and various signal wirings and a thin
film transistor for driving the second micro LED 142 are also
formed. Including this second micro LED 142, which is to
be used only in a special case, may be rather costly, and a
structure of a pixel area P of the micro LED display panel
100 may increase due to the arrangements of both the micro
LEDs 140 and 142.

[0089] Furthermore, even if a defect is generated in the
first micro LED 140, only a part of the entire pixel area P
may be defective. Therefore, only a part of the second micro
LED 142 may be driven for overcoming the defect, and the
remaining second micro LED 142 is not used. Thus, a usage
efficiency of the second micro LED 142 may be very low.
[0090] 1In the present disclosure, the second micro LED
142 may be used not only for the redundancy of the first
micro LED 140, but also for other purposes in order to
increase the usage efficiency of the second micro LED 142.
For example, in the present disclosure, the usage efficiency
of the second micro LED 142 may be improved by using the
second micro LED 142 to implement the HDR image.
[0091] In general, the human eye can distinguish a wide
dynamic range of 107>-10® nits or more, but because a
general display device may express only hundreds of
dynamic ranges, the user may not appreciate the real image
as in nature. For example, in an actual natural environment,
the brightness range is very wide—from a very dark scene,
such as a night sky, to a very bright scene, such as a
sunlight—while the very dark scene and the very bright
scene are displayed by reducing this range to a smaller
dynamic range for a display device that displays it. Thus,
there is a limitation in realizing a realistic image.
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[0092] The HDR image may reduce/minimize the reduc-
tion of the dynamic range of the displayed image, thereby
realizing the display of an image that is closer to the real
image. That is, HDR technology makes a bright area brighter
and a dark area darker, thereby extending the range of
brightness so that it is closer to the real image that people see
with their eyes.

[0093] In the present disclosure, an HDR image is realized
by using the second micro LED 142. That is, the first micro
LED 140 is driven to realize an image, and if it 1s displayed
in a very bright brightness and the extension in the dynamic
range is needed, the first micro LED 140 and the second
micro LED 142 are simultaneously driven in the correspond-
ing area. As such, by driving the first micro LED 140 and the
second micro LED 142 simultaneously, it may be possible to
display the image at two times the brightness which can be
expressed by using only the first micro LED 140. Thus, it
may be possible to realize an image that is more similar to
the real image.

[0094] Hereinafter, an example method of realizing the
HDR image using the second micro LED 142 will be
described in detail.

[0095] With reference again to FIG. 1, the panel driving
unit of the micro LED display device 150 includes a gate
driving unit 170, a data driving unit 174, a timing controlling
unit 180, and an image processing unit 190.

[0096] The timing controlling unit 180 generates a gate
control signal GCS and a data control signal DCS according
to a control signal CNT input from an external system (not
shown). The gate control signal GCS includes a gate start
pulse GSP, a gate shift clock GSC, and an output enable
signal GOE, etc., and is supplied to the gate driving unit 170.
The data control signal DCS includes a source start pulse
SSP, a source sampling clock SSC, an output enable signal
SOE, a polarity control signal POL, etc., and is supplied to
the data driving unit 174.

[0097] At this time, the gate control signal GCS output
from the timing controlling unit 180 is generated according
to DR area information input from the image processing unit
190, and a control signal for driving the second micro LED
142 is included in the gate control signal GCS.

[0098] The information processing unit 190 analyzes an
image input from the external system to distinguish whether
the image is a HDR image or a SDR image, and then
analyzes the HDR image and the SDR image to set an
extended area of the dynamic range, and supplies set infor-
mation to the timing controlling unit 180. For example, the
image processing unit 190 analyzes the HDR image by the
tone mapping and the color mapping, and calculates the
weight of the SDR image to set an extended area of the
dynamic range.

[0099] FIG. 5 is a block diagram illustrating a structure of
an information processing unit 190 of the micro LED
display device 150 in accordance with an example embodi-
ment of the present disclosure.

[0100] As shown in FIG. 5, the image processing unit 190
is composed of an image format analyzing unit 192, a SDR
image analyzing unit 194, a HDR image analyzing unit 196,
and a dynamic range extended area setting unit 198.
[0101] The image format analyzing unit 192 analyzes the
format of an image (RGB) input from an external system and
classifies whether the input image is a HDR image or a SDR
image. The image format analyzing unit 192 may extract a
high brightness data of the input image and compare it with
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the set brightness data to classify the image format. In
addition, the image format analyzing unit 192 may generate
a histogram of an input image and classify the image format
by analyzing the generated histogram.

[0102] FIGS. 6A-6B are views illustrating a real image in
nature that is converted to a SDR image and displayed in the
display device. FIG. 6A is a real image in nature, and FIG.
6B is a SDR image input by the display device. In addition,
FIGS. 7A-7B are views illustrating a real image in nature
that is converted to an HDR image and displayed to the
display device. FIG. 7A is a real image in nature, and FIG.
7B is a HDR image input by the display device.

[0103] As shown in FIGS. 6A and 7A, in a natural
environment, because the range of the brightness is very
wide—from a very dark scene such as a night sky to a very
bright scene such as a sunlight—the brightness of the area in
which the sunlight is directed is much higher, for example,
at about 10® nits, than other areas.

[0104] As shown in FIG. 6B, when the real object is
changed to an image signal through photographing, etc. in
order to express the real object in nature to the image of the
display device, the brightness of 10® nits is displayed as 200
nits in the SDR image, and thus, the brightness is signifi-
cantly reduced compared to the real image. On the other
hand, as shown in FIG. 7B, the brightness of 10® nits is
represented by 10* nits in the HDR image, and the maxinum
brightness of the actual real image is reduced only by half.
[0105] The image format analyzing unit 192 analyzes the
maximum brightness of the SDR image (about 200 nits) and
the maximum brightness of the HDR image (about 10 nits)
to determine whether the image input from the external
system is a SDR image or a HDR image, or the histogram
of the SDR image and the histogram of the HDR image are
analyzed to determine whether the image input from the
external system is the SDR image or the HDR image.
[0106] When the image is a SDR image, the image format
analyzing unit 192 outputs the corresponding image to the
SDR image analyzing unit 194, and when the image is a
HDR image, it outputs the corresponding image to the HDR
image analyzing unit 196.

[0107] The SDR image analyzing unit 194 analyzes the
frame of the SDR image input. The SDR image analyzing
unit 194 may include a weight calculating unit 194a and a
data remapping unit 1945.

[0108] The weight calculating unit 194a analyzes the
weight of the SDR image by a histogram analysis and a
mask filtering. The weight calculating unit 194¢ analyzes the
brightness component of the input SDR image and generates
a histogram. At this time, the weight calculating unit 194a
divides the brightness component into the gradation level
units and counts the brightness components corresponding
to the respective gradation levels, thereby generating a
histogram consisting of a frequency (or a ratio) for each
gradation level.

[0109] In addition, the weight calculating unit 194« filters
an image displayed on the micro LED display device using
a mask filter. At this time, a moving mask filter can be used
as a mask filter.

[0110] The weight calculating unit 194a calculates the
weight of each area of the image using the changed histo-
gram and the filtered data.

[0111] The data remapping unit 1945 remaps the changed
histogram and the filtered data, which are changed by the
weight calculating unit 194a, to convert the SDR image into
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an image more similar to a real image. At this time, the data
remapping unit 1945 changes the SDR image using the
calculated weight such that it is close to the real image.
[0112] The HDR image analyzing unit 196 analyzes a
frame of an input HDR image. The HDR image analyzing
unit 196 may be composed of a tone mapping unit 196a and
a gamut mapping (color area mapping) unit 1965.

[0113] The tone mapping unit 196a compresses the
dynamic range of the input HDR image and expresses it in
a display device. The HDR image may be an image having
the dynamic range closest to the real image perceived by a
person, and thus may not be displayed on an actual display
device. Accordingly, in order to display the HDR image
through the display device, the dynamic range of the HDR
image niust be compressed to a dynamic range displayable
in a display device through the tone mapping process.
[0114] The tone mapping unit 196¢ may compress the
HDR image by a global tone mapping or a local tone
mapping. The global tone mapping compresses the dynamic
range by applying the same function to all pixels of the input
HDR image. The local tone mapping considers a surround-
ing area of the processed pixel and applies other function
with regard to each pixel to compress the dynamic range. In
addition, the tone mapping unit 196a may compress the
HDR image by a tone mapping algorithm using a gamma
correction. The local gamma correction calculates a weight
map according to a background brightness in consideration
of the brightness difference between the pixel to be pro-
cessed and the surrounding area, and applies it the gamma
correction of the tone mapping.

[0115] The gamut mapping unit 1965 performs gamut
mapping on the HDR image compressed in the tone map-
ping unit 196a. Because the HDR image may be an image
having the gamut closest to the real image that human eyes
can perceive, the gamut is very wide. When such a HDR
image is displayed by an actual display device, because the
gamut of the display device is narrower than the gamut of
the HDR image, some colors of the HDR image are disposed
outside the gamut of the display device, and it may not be
possible to realize a wanted color in the display device.
[0116] The gamut mapping unit 1965 disposes a color,
which is disposed outside the gamut of the display device,
inside the gamut through the gamut mapping process to
realize a color similar to the real image. Such gamut
mapping can be accomplished by a variety of methods such
as a gamut clipping, a gamut compression, a linear com-
pression, and a non-linear compression.

[0117] The DR extended area setting unit 198 sets an area
to be extended of the dynamic range of the remapped SDR
image and the compressed HDR image.

[0118] For the SDR image, the DR extended area setting
unit 198 detects an area of brightness which is not display-
able in an actual display device among the data of the
remapped image, and sets it to a dynamic range extended
area.

[0119] For the HDR image, the DR extended area setting
unit 198 analyzes the data reduced with the dynamic range
by a tone mapping of the tone mapping unit 196a and
calculates an area which is not compressed in a range of the
dynamic range (a set range) which is displayable in the
display device. In general, the dynamic range of the most
areas is reduced within a set range by a tone mapping.
However, with regard to a specific area, for example, an area
where the brightness is unusually high compared to other
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areas, such as areas where direct sunlight is displayed in
FIGS. 6A and 7A, the dynamic range is not reduced within
the set range. In the DR extended area setting unit 198, an
area in which the dynamic range is not reduced within the
setting range is set to the dynamic range extended area.

[0120] In addition, the DR extended area setting unit 198
analyzes the mapped color area of the gamut mapping umt
1965 to calculate an area needed for a color compensation.
The color disposed outside the gamut is disposed inside the
gamut of the display device due to the gamut mapping.
However, the color disposed at the outermost part of the
gamut of the real image of the real object and the color in
which the brightness is displayed extremely high are still not
disposed within a gamut in the display device despite the
gamut mapping.

[0121] Inthe DR extended area setting unit 198, an area in
which colors that are not disposed in the gamut of the
display device among the HDR images subjected to gamut
mapping are realized, is set as a dynamic range extended
area.

[0122] The DR extended area setting unit 198 outputs the
set DR extended area information to the timing controlling
unit 180. The timing controlling unit 180 generates a gate
control signal GCS and a data control signal DCS according
to a control signal CNT input from an external system (not
shown), and supplies it to the gate driving unit 170 and the
data driving unit 174. At this time, the timing controlling
unit 180 determines the pixel area P corresponding to the DR
extended area based on the DR extended area information
input from the DR extended area setting unit 198, and then,
generates and outputs the gate control signal GCS and the
data control signal DCS.

[0123] The gate control signal GCS and the data control
signal DCS are control signals for driving the first micro
LED 140 disposed in the pixel area P of the micro LED
display panel 100. The gate driving unit 170 supplies the
gate signal through the gate line according to the gate control
signal GCS and the data control signal DCS to drive the thin
film transistor TFT arranged in the pixel area P. The data
driving unit 174 supplies the image data through the data
line to drive the first micro LED 140.

[0124] In addition, the gate control signal GCS and the
data control signal DCS include a control signal for driving
the second micro LED 142 disposed in the pixel area P of the
DR extended area of the micro LED display panel 100.
According to the gate control signal GCS, the gate driving
unit 170 drives the redundancy thin film transistor TFT
disposed in the pixel area P of the DR extended area through
the redundancy gate line corresponding to the DR extended
area, and the data driving unit 174 supplies the image data
modulated in the pixel area P of the DR extended area
through the redundancy data line corresponding to the DR
extended area to drive the second micro LED 142.

[0125] In other words, in an area which is not the DR
extended area, it outputs the image data RGB' modulated
according to the result analyzed by the SDR image analyz-
ing unit 194 and the HDR image analyzing unit 196, and
drives only the first micro LED 140 to realize an image. In
a DR extended area, it outputs the image data RGB' modu-
lated according to the result analyzed by the DR image
analyzing unit 194 and the HDR image analyzing unit 196,
and drives both the first micro LED 140 and the second
micro LED 142 to realize an image.
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[0126] 1In addition, the timing controlling unit 180 may
generate only the gate control signal (GCS) including DR
extended area information. That is, a gate signal for driving
only the redundancy thin film transistor TFT of the pixel
area P of the DR extended area is output to the redundancy
gate line corresponding to the DR extended area according
to the gate control signal GCS, and only the second micro
LED 142 of this area may be driven. In this case, the
modulated image data is applied to the entire redundancy
data line, but only the redundancy thin film transistor TFT of
the DR extended area is turned on, so that only the second
micro LED 142 of this area is driven.

[0127] As such, in the present disclosure, because two
micro LEDs 140 and 142 are simultaneously driven in the
pixel area P of the DR extended area, the brightness of the
DR extended area can be improved by two times as com-
pared to that of the other area. In addition, because the
brightness of the DR extended area can be increased, the
contrast ratio of the SDR image and the HDR image can be
improved. Therefore, the qualities of the SDR image and the
HDR image can be greatly improved.

[0128] As shown in FIG. 8A, only the first micro LED 140
is driven to display an image over the entire micro LED
display panel 100 having a general structure, so that both the
sky image and the image in which direct sunlight appears are
displayed in 1000 nits which is the limitation of the bright-
ness of the micro LED display device.

[0129] Meanwhile, as shown in FIG. 8B. in the present
disclosure, because both the first micro LED 140 and the
second micro LED 142 are driven in the DR extended area,
it may display the brightness of the image of the sky in 500
nits (or 1000 nits) and increase the brightness of the image
displayed by the direct sunlight to 2000 nits. Accordingly,
the micro LED display device according to the present
disclosure can realize an image closer to the real image of
the object, compared to the micro LED display device
having a general structure.

[0130] Meanwhile, in the present disclosure, as the first
micro LED 140 and the second micro LED 142 are driven
in the DR extended area, the device not only displays the
brightness at two times the maximum brightness of the
micro LED display device having the general structure, but
is also able to realize the image of various brightness
(various brightness more than the maximum brightness of
1000 nits which can be realized in the first micro LED 140)
having an increased contrast ratio, which cannot be realized
in the micro LED display device having the general struc-
ture, by controlling an intensity of the signal (e.g., a current)
applied to the first micro LED 140 and the second micro
LED 142 and controlling the brightness of the light which is
luminescent in the first micro LED 140 and the second micro
LED 142.

[0131] Meanwhile, the micro LED display device accord-
ing to the present disclosure includes a memory 182 in
which a lookup table (LU) including pixel defect informa-
tion is stored. The timing controlling unit 180 refers to
information of a lookup table (LU) and generates the gate
control signal GCS and the data signal DCS. That is, in the
defective pixel area, a signal is not applied to the first micro
LED 140. Instead, a signal is applied to only the second
micro LED 142 to drive the second micro LED 142 instead
of the first micro LED 140.
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[0132] Hereinafter, a method of driving a micro LED
display device according to the present disclosure will be
described with reference to the accompanying drawings.
[0133] FIG. 9 is a view illustrating a method of driving a
micro LED display device according to an example embodi-
ment of the present disclosure.

[0134] As shown in FIG. 9, first, when image data RGB is
input from an external system (S101), the format of the
corresponding image data is analyzed to determine whether
the image is a HDR image or a SDR image (S102).
[0135] If the image is a SDR image, a histogram of the
SDR image is generated, the histogram is changed by a
mapping function, and the SDR image is filtered by a filter,
such as a moving mask filter, to calculate a weight of the
image data (S103).

[0136] Then, the modified histogram and the filtered data
are remapped to convert the SDR image into an image more
similar to the image of the real object (S104).

[0137] If the image is an HDR image, the HDR image is
tone-mapped to compress the dynamic range of the HDR
image to a dynamic range displayable in the display device
(8105).

[0138] Thereafter, the HDR image is gamut-mapped so
that the color disposed outside the gamut of the image that
can be displayed by the display device is disposed inside the
gamut (S106).

[0139] Then, the area displayed with the image of the
brightness which is not displayable in the display device is
detected in the remapped image data of the SDR image. The
area having the dynamic range which is not displayable in
the display device is detected among the area reduced with
the dynamic range by the tone mapping of the HDR image.
The area which is not disposed within the gamut of the
display device is detected among the gamuts by the gamut
mapping, and these areas are set to the dynamic range
extended area (S107).

[0140] Thereafter, if there is no DR extended area in the
HDR image or the SDR image (S108), and if there is no
defective pixel area in the micro LED display panel (S109),
the first micro LED 140, which is the main luminescent
micro LED, is driven to display the image (S111).

[0141] If there is a defective pixel area in the micro LED
display panel (S109), the second micro LED 142, which is
a redundancy micro LED, is driven instead of the main
luminescent micro LED 140 in the corresponding pixel area
(S110). At this time, the driving of the total first micro LED
140R, 140G, 140B of the pixel area may be stopped, and the
second micro LED 142R, 142G, 142B may be driven
instead. Alternatively, the driving of the micro LED in which
the defect is generated (for example, R of the first micro
LED 140R) among the three of the first micro LEDs 140R,
140G, 140B of the pixel area may be stopped, and only the
second micro LED of the corresponding color (for example,
R of the second micro LED 142R) may be driven. In this
case, because the first micro LED 140R, in which the defect
is generated, is not luminescent, the corresponding second
micro LED 142R can be driven without stopping the sepa-
rate driving.

[0142] When the DR extended area exists in the HDR
image or the SDR image, the first micro LED 140 in the
pixel area of the corresponding area is driven, and the
second micro LED 142 is further driven to display an image
close to the real image (S112).
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[0143] According to an example embodiment of the pres-
ent disclosure, a method for driving a micro LED display
device includes analyzing an image input to a first micro
LED and a second micro LED which are arranged at a
plurality of pixel areas, respectively; setting an extended
area of a dynamic range of the image; and simultaneously
driving the first micro LED and the second micro LED in the
pixel areas of the extended area of the dynamic range and
driving the first micro LED in the pixel areas of other area.
[0144] The method may further include generating a his-
togram of the SDR image, changing the histogram, filtering
the SDR image, and calculating a weight of an image data,
when the image is a SDR image; and remapping a changed
histogram and a filtered data.

[0145] The setting the extended area of the dynamic range
of the image may include detecting an area of a brightness
which is not displayable in an actual display device among
a remapped image data of the SDR image.

[0146] The method may further include tone mapping the
HDR image in case where the image is an HDR image; and
gamut mapping the HDR image.

[0147] Setting the extended area of the dynamic range of
the image may include detecting an area having a dynamic
range which is not displayable in a display device among the
areas reduced with the dynamic range by a tone mapping of
the HDR image, and an area which is not disposed in the
gamut of the display device among the gamut by the gamut
mapping.

[0148] The method may further include generating a his-
togram of the SDR image, changing the histogram, filtering
the SDR image, and calculating a weight of the image data,
in case where the image is a SDR image; remapping a
changed histogram and a filtered data; tone mapping the
HDR image in case where the image is a HDR image; and
gamut mapping the HDR image.

[0149] Setting the extended area of the dynamic range of
the image may include detecting an area with an image of
the brightness which is not displayable in the actual display
device among the remapped image data of the SDR image
and detecting an area having a dynamic range which is not
displayable in the display device among the area reduced
with the dynamic range by a tone mapping of the HDR
image, and an area which is not disposed in the gamut of the
display device among the gamuts by a gamut mapping.
[0150] The method may further include driving only the
second micro LED in the corresponding pixel area when a
defective pixel area exists in a micro LED display panel.
[0151] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosure. Thus, it is intended that the present
disclosure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A micro LED display device, comprising:

a display panel including a plurality of pixel areas each
having a thin film transistor; and

a first micro LED and a second micro LED in each pixel
area,

wherein the first micro LED is configured to emit light to
display an image; and

Jun. 20, 2019

the second micro LED is configured to emit light to
improve a displayed brightness for a specific area of the
image.

2. The micro LED display device of claim 1, wherein the

micro LED has a size of 10-100 pm.

3. The micro LED display device of claim 1, wherein the
first micro LED and the second micro LED are driven
together to display an extended area of a dynamic range of
the image corresponding to the specific area of the image.

4. The micro LED display device of claim 3, wherein the
extended area of the dynamic range is configured to be
displayed at a brightness of 1-2 times a maximum brightness
displayed for other areas of the image.

5. The micro LED display device of claim 3, further
comprising:

an image processing circuit configured to analyze an input
image data to drive the first micro LED and the second
micro LED in the extended area of the dynamic range
based on the image processing circuit determining that
the input image data is for a high dynamic range (HDR)
image or a standard dynamic range (SDR) image.

6. The micro LED display device of claim 5, wherein the

image processing circuit comprises:

an image format analyzer configured to analyze a format
of the input image data;

a weight calculator configured to calculate a weight of the
SDR image using a changed histogram by a histogram
analysis and a mask filtered data;

a data remapper configured to remap the changed histo-
gram and the filtered data; and

a dynamic range extended area setter configured to detect
an area of a remapped image having a brightness that
is not displayable by the display device.

7. The micro LED display device of claim 5, wherein the

image processing circuit comprises:

an image format analyzer configured to analyze a format
of the input image data;

a tone mapper configured to compress a dynamic range of
the HDR image and to output a compressed HDR
image;

a gamut mapper configured to map a gamut of the
compressed HDR image; and

a dynamic range extended area setter configured to cal-
culate an uncompressed area in a set range by a tone
mapping and to detect an area in which a color that is
not disposed in a gamut is realized by the gamut
mapping.

8. The micro LED display device of claim 5, wherein the

image processing circuit comprises:

an image format analyzer configured to analyze a format
of the input image data;

a weight calculator configured to calculate a weight of the
SDR image using a changed histogram by a histogram
analysis and the mask filtered data;

a tone mapper configured to compress a dynamic range of
an HDR image;

a gamut mapper configured to map a gamut of a com-
pressed HDR image; and

a dynamic range extended area setter configured to detect
an area of a remapped SDR image having a brightness
that is not displayable by the display device, to calcu-
late an area which is not compressed in a set range by
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the tone mapper, and to detect an area having a color
realized by the gamut mapper that is not in a gamut of
the display device.
9. The micro LED display device of claim 1, further
comprising a memory that stores information about a defec-
tive pixel.
10. The micro LED display device of claim 1, wherein the
second micro LED is driven based on the first micro LED
being defective.
11. A display device, comprising:
a display panel including a plurality of pixel areas,
wherein each pixel area includes a first LED and a second
LED, and

wherein the display device is configured to drive the
second LED to emit light based on the first LED being
defective.

12. The display device of claim 11, wherein the display
device is configured to:

receive an input image for display by the display panel,

and analyze the input image to determine whether the
input image includes an area of brightness that is not
displayable by only the first LEDs of the display panel;
and

drive the first LEDs and the second LEDs simultaneously

in a dynamic range extended area corresponding to the
area of brightness.

13. The display device of claim 11, wherein the display
device is configured to:

receive an input image for display by the display panel,

analyze the input image to determine whether the input

image is a high dynamic range (HDR) image or a
standard dynamic range (SDR) image; and
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if the input image is analyzed to be an HDR image:
compress the dynamic range of the HDR image to a
dynamic range that is displayable by the display
device,
gamut map the HDR image such that colors of the HDR
image outside of a color gamut of the display panel
are disposed inside the color gamut of the display
panel, and
drive the first LEDs and the second LEDs simultane-
ously in a dynamic range extended area correspond-
ing to an area of the HDR image having colors that
cannot be disposed inside the color gamut of the
display panel.
14. The display device of claim 12, wherein the display
device is configured to drive only the first LEDs in an area
other than the dynamic range extended area.
15. The display device of claim 11, wherein:
the first LED is composed of red, green, and blue micro
LEDs; and

the second LED is composed of red, green, and blue micro
LED:s.

16. The display device of claim 11, wherein:

based on the first LED being determined to be defective,
the display device is configured to drive only the
second LED in the corresponding pixel area.

17. The display device of claim 12, wherein:

the display device is configured to drive only the first

LEDs among the first and second LEDs in an area of
the display panel based on the first LEDs being deter-
mined not defective and on the area being determined
not to include a dynamic range extended area.
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