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mable (MTP) operation and an organic light-emitting di-
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color MTP operation (S120) for displaying a first target
color coordinate corresponding to a white color test gray-
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get color coordinate corresponding to a blue color test
grayscale on the display device. The blue color MTP op-
eration includes adjusting the MTP adjustment data such
that the display device displays blue color data using a
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the blue color sub-pixel, and a red color sub-pixel adja-
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Description

[0001] The described technology generally relates to
a method of performing a multi-time programmable
(MTP) operation, and an organic light-emitting diode
(OLED) display employing the same.

[0002] An OLED includes an organic emission layer
interposed between two electrodes, namely, an anode
and a cathode. Positive holes received from the anode
are combined with electrons received from the cathode
in the organic emission layer to emit light. OLED displays
have avariety of advantages over standard displays such
as wide viewing angles, fast response speeds, thin pro-
file, and low power consumption. Blue, green and red
sub-pixels are formed together as a pixel. In manufac-
turing of displays, the color of light of each OLED will vary
and blue LEDs, in particular, may need color correction
to maintain display quality. One method of correction is
to use a multi-time programmable operation.

[0003] Oneinventive aspectis a method of performing
an MTP operation that can improve the efficiency of a
blue color OLED.

[0004] Another aspect is an OLED display employing
the method of performing the MTP operation.

[0005] Another aspect is a method of performing an
MTP operation including an operation of performing a
white color MTP operation for displaying a first target
color coordinate corresponding to a white color test gray-
scale on a display device, and an operation of performing
a blue color MTP operation for displaying a second target
color coordinate corresponding to a blue color test gray-
scale onthedisplay device. The blue color MTP operation
can adjust MTP adjustment data to output blue color data
using a blue color sub-pixel, a green color sub-pixel ad-
jacent to the blue color sub-pixel, and a red color sub-
pixel adjacent to the blue color sub-pixel.

[0006] In example embodiments, the MTP adjustment
data can be adjusted to output the blue color data using
a first red color sub-pixel, a first green color sub-pixel,
and a first blue color sub-pixel that are included in a first
pixel.

[0007] In example embodiments, performing the white
color MTP operation can include an operation of deter-
mining the first target color coordinate corresponding to
the white color test grayscale, an operation of measuring
a first measured color coordinate for a first image corre-
sponding to the white color test grayscale when the first
image is displayed on the display device, an operation
of comparing the first target color coordinate and the first
measured color coordinate, and an operation of gener-
ating the MTP adjustment data such that the first meas-
ured color coordinate is reached to the first target color
coordinate.

[0008] In example embodiments, performing the blue
color MTP operation can include an operation of deter-
mining the second target color coordinate corresponding
to the blue color test grayscale, an operation of measur-
ing a second measured color coordinate for a second

10

15

20

25

30

35

40

45

50

55

image corresponding to the blue color test grayscale
when the second image is displayed on the display de-
vice, an operation of comparing the second target color
coordinate and the second measured color coordinate,
and an operation of adjusting the MTP adjustment data
such that the second measured color coordinate is
reached to the second target color coordinate.

[0009] In example embodiments, the MTP adjustment
data can include MTP offset data that are calculated
based on a reference gamma curve.

[0010] In example embodiments, the MTP offset data
can include red color offset data corresponding to the red
color sub-pixel, green color offset data corresponding to
the green color sub-pixel, and blue color offset data cor-
responding to the blue color sub-pixel.

[0011] In example embodiments, the MTP adjustment
data can be stored in a memory device that is included
in a driving integrated circuit (IC).

[0012] Another aspect is an OLED display including a
display panel including a plurality of pixels that include a
red color sub-pixel, a green color sub-pixel, and a blue
color sub-pixel that are adjacent to each other, a scan
driver configured to provide scan signals to the pixels, a
multi-time programmable (MTP) processor configured to
adjust image data using MTP adjustment data for out-
putting blue color data using the blue color sub-pixel, the
green color sub-pixel, and the red color sub-pixel, a data
driver configured to generate data signals based on the
adjusted image data, and configured to provide the data
signals to the pixels, a power supply configured to provide
a high power voltage and a low power voltage to the
pixels, and a timing controller configured to control the
scan driver, the MTP processor, the data driver, and the
power supply.

[0013] In example embodiments, the MTP adjustment
data can be adjusted by performing a white color MTP
operation for displaying a first target color coordinate cor-
responding to a white color test grayscale on the display
panel and performing a blue color MTP operation for dis-
playing a second target color coordinate corresponding
to a blue color test grayscale on the display panel.
[0014] In example embodiments, the MTP processor
can include a memory configured to store the MTP ad-
justment data that are adjusted by the white color MTP
operation and the blue color MTP operation and animage
data adjustment unit configured to adjust the image data
based on the MTP adjustment data stored in the memory.
[0015] In example embodiments, the MTP processor
can be included in the data driver or the timing controller.
[0016] In example embodiments, the MTP adjustment
data can include MTP offset data that are calculated
based on a reference gamma curve.

[0017] In example embodiments, the MTP offset data
can include red color offset data corresponding to the red
color sub-pixel, green color offset data corresponding to
the green color sub-pixel, and blue color offset data cor-
responding to the blue color sub-pixel.

[0018] In example embodiments, the pixels can be ar-
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ranged in a stripe shape.

[0019] In example embodiments, the MTP processor
can adjust the image data to output the blue color data
using a first red color sub-pixel, a first green color sub-
pixel, and a first blue color sub-pixel that are included in
a first pixel.

[0020] In example embodiments, the pixels can be ar-
ranged in a pentile shape.

[0021] In example embodiments, the MTP processor
can adjust the image data to output the blue color data
using a second pixel and a third pixel. The second pixel
can include a second blue color sub-pixel and a second
green color sub-pixel. The third pixel can include a third
red color sub-pixel and a third green color sub-pixel.
[0022] In example embodiments, a red color OLED in-
cluded in the red color sub-pixel, a green color OLED
included in the green color sub-pixel, and a blue color
OLED included in the blue color sub-pixel can have dif-
ferent thicknesses from each other.

[0023] In example embodiments, the blue color OLED
caninclude afirst electrode, a second electrode opposing
the first electrode, a blue color organic emission layer
interposed between the first electrode and the second
electrode, and aresonance layer interposed between the
first electrode and the second electrode.

[0024] In example embodiments, the resonance layer
can have a thickness for a constructive interference of a
blue color light emitted by the blue color organic emission
layer.

[0025] Anotheraspectisamethod of performing a mul-
ti-time programmable (MTP) operation, the method com-
prising performing a white color MTP operation for dis-
playing a first target color coordinate corresponding to a
white color test grayscale on a display device so as to
generate MTP adjustment data; and performing a blue
color MTP operation for displaying a second target color
coordinate corresponding to a blue color test grayscale
on the display device, wherein the blue color MTP oper-
ation comprises adjusting the MTP adjustment data such
that the display device displays blue color data using a
blue color sub-pixel, a green color sub-pixel adjacent to
the blue color sub-pixel, and a red color sub-pixel adja-
cent to the blue color sub-pixel.

[0026] In example embodiments, the blue, green, and
red color sub-pixels are included in the same pixel. The
performing of the white color MTP operation can include
determining the first target color coordinate correspond-
ing to the white color test grayscale; measuring a first
color coordinate for a first image corresponding to the
white color test grayscale when the first image is dis-
played on the display device; comparing the first target
color coordinate to the first measured color coordinate;
and generating the MTP adjustment data such that the
firstmeasured color coordinate substantially matches the
first target color coordinate.

[0027] In example embodiments, performing the blue
color MTP operation includes determining the second
target color coordinate corresponding to the blue color
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test grayscale; measuring a second color coordinate for
asecond image corresponding to the blue color test gray-
scale when the second image is displayed on the display
device; comparing the second target color coordinate to
the second measured color coordinate; and adjusting the
MTP adjustment data such that the second measured
color coordinate substantially matches the second target
color coordinate. The MTP adjustment data can include
MTP offset data that are calculated based on a reference
gamma curve.

[0028] In example embodiments, the MTP offset data
include red color offset data corresponding to the red
color sub-pixel, green color offset data corresponding to
the green color sub-pixel, and blue color offset data cor-
responding to the blue color sub-pixel. The display device
can comprise a driving integrated circuit (IC) including a
memory and the MTP adjustment data can be stored in
the memory.

[0029] Another aspectis an OLED display comprising
adisplay panel including a plurality of pixels, wherein the
pixels include a red color sub-pixel, a green color sub-
pixel, and a blue color sub-pixel that are adjacent to each
other; a scan driver configured to apply scan signals to
the pixels; a multi-time programmable (MTP) processor
configured to adjust image data using MTP adjustment
data, wherein the display panel is configured to display
blue color data using the blue color sub-pixel, the green
color sub-pixel, and the red color sub-pixel; a data driver
configured to: i) generate data signals based on the ad-
justed image data and ii) apply the data signals to the
pixels; a power supply configured to provide a high power
voltage and a low power voltage to the pixels; and atiming
controller configured to control the scan driver, the MTP
processor, the data driver, and the power supply.
[0030] In example embodiments, the MTP processor
is further configured to adjust the MTP adjustment data
via performing a white color MTP operation for displaying
a first target color coordinate corresponding to a white
color test grayscale on the display panel; and performing
a blue color MTP operation for displaying a second target
color coordinate corresponding to a blue color test gray-
scale on the display panel. The MTP processor can in-
clude a memory configured to store the MTP adjustment
data, wherein the MTP processor is further configured to
adjust the MTP adjustment data based on the white color
MTP operation and the blue color MTP operation; and
an image data adjustment unit configured to adjust the
image data based on the MTP adjustment data.

[0031] In example embodiments, the MTP processor
is included in the data driver or the timing controller. The
MTP adjustment data can include MTP offset data that
are calculated based on a reference gamma curve. The
MTP offset data can include red color offset data corre-
sponding to the red color sub-pixel, green color offset
data corresponding to the green color sub-pixel, and blue
color offset data corresponding to the blue color sub-
pixel. The pixels can be arranged in a stripe shape. The
MTP processor can be further configured to adjust the
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image data such that the display panel displays the blue
color data using a first red color sub-pixel, a first green
color sub-pixel, and a first blue color sub-pixel that are
included in a first pixel. The pixels can be arranged in a
pentile shape.

[0032] In example embodiments, the MTP processor
is further configured to adjust the image data such that
the display panel display the blue color data using a sec-
ond pixel and a third pixel, the second pixel includes a
second blue color sub-pixel and a second green color
sub-pixel, and the third pixel includes a third red color
sub-pixel and a third green color sub-pixel. The red,
green, and blue color sub-pixels can respectively com-
prise red, green, and blue organic light-emitting diodes
(OLEDs) and each of the red, green, and blue OLEDs
can have a different thickness.

[0033] In example embodiments, the blue color OLED
comprises a first electrode; a second electrode opposing
the first electrode; a blue color organic emission layer
interposed between the first electrode and the second
electrode; and aresonance layer interposed between the
first electrode and the second electrode. The resonance
layer can have a thickness selected such that the blue
colorlightemitted by the blue color organic emission layer
constructively interferes.

[0034] Therefore, a method of performing an MTP op-
eration according to example embodiments performs a
white color MTP operation and a blue color MTP opera-
tion. The method of performing the MTP operation im-
proves an efficiency of a blue color OLED by outputting
blue color data using a blue color sub-pixel, a green color
sub-pixel, and a red color sub-pixel that are adjacent to
each other.

[0035] According to an aspect of the invention, there
is provided a method of performing a multi-time program-
mable, MTP, operation as set out in claim 1. Preferred
features of this aspect are set out in claims 2to 7.
[0036] According to an aspect of the invention, there
is provided an organic light-emitting diode, OLED, display
as set out in claim 8. Preferred features of this aspect
are set out in claims 9 to 15.

[0037] According to at least one embodiment, an
OLED display employs the method of performing the
MTP operation. Therefore, the OLED display can have
an improved life span and reduced power consumption.

Brief Description of the Drawings
[0038]

FIG. 1is aflowchart illustrating a method of perform-
ing an MTP operation according to example embod-
iments.

FIG. 2 is a cross-sectional view illustrating an exam-
ple of a display panel.

FIG. 3 is a cross-sectional view illustrating an exam-
ple of ablue color OLED included in the display panel
of FIG. 2.

10

15

20

25

30

35

40

45

50

55

FIGS. 4 and 5 are graphs illustrating examples of
the efficiency of a blue color OLED according to the
thickness of the blue color OLED.

FIG. 6 is a flowchart illustrating an example of per-
forming a white color MTP operation in the method
of FIG. 1.

FIG. 7 is a flowchart illustrating an example of per-
forming a blue color MTP operation in the method of
FIG. 1.

FIGS. 8 through 10 are diagrams illustrating exam-
ples of outputting blue color data using MTP adjust-
ment data that are adjusted by the method of FIG. 1.
FIG. 11 is a block diagram illustrating an OLED dis-
play according to example embodiments.

FIG. 12 is a block diagram illustrating an example of
an MTP processor included in the OLED display of
FIG. 11.

[0039] During the manufacturing of an OLED display,
the image quality of the end product (i.e., the complete
product) may not reach a target quality level due to man-
ufacturing errors. Thus, the end product may be defective
and discarded. However, discarding all defective end
products reduces the manufacturing yield. Yield can be
improved via post-manufacturing correction that includes
adjusting the image quality of the OLED display to reach
the target quality level. This can include a multi-time pro-
grammable operation in which post-manufacturing cor-
rection of luminance and color coordinates for respective
pixels is repeatedly performed such that the OLED dis-
play reaches the target quality level.

[0040] OLEDs can include a resonance structure
which improves their efficiency. However, the standard
OLED display employing such aresonance structure has
a relatively low emission efficiency since only a portion
of the spectrum of emitted light is used to reach a target
color coordinate for each pixel. Especially, blue color
OLEDs lose arelatively large portion of the emitted spec-
trum to reach the target color coordinate. Therefore, they
have arelatively low light efficiency compared to red and
green color OLEDs.

[0041] Exemplary embodiments will be described
more fully hereinafter with reference to the accompany-
ing drawings, in which various embodiments are shown.
[0042] FIG. 1is aflowchartillustrating a method of per-
forming an MTP operation according to example embod-
iments.

[0043] Referring to FIG. 1, the method of performing
the MTP operation can adjust MTP adjustment data by
performing a white color MTP operation and a blue color
MTP operation. Blue color data can be output using a
blue color sub-pixel, a green color sub-pixel, and a red
color sub-pixel that are adjacent to each other, thereby
improving the efficiency of a blue color OLED.

[0044] The blue color OLED is formed such that the
blue color OLED has a thickness for maximum or in-
creased efficiency (Step S110). Generally, blue color
OLEDs have a resonance structure which has low light
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efficiency because only a portion of spectrum of emitted
lightis used to reach a target color coordinate. Therefore,
to improve the efficiency of the blue color OLED, the blue
color OLED can be formed to have a thickness for max-
imum efficiency. Here, the blue color coordinate can be
set using a red color OLED and a green color OLED as
well as the blue color OLED. Thus, blue color light can
be emitted using the red color OLED and the green color
OLED that have a high light efficiency in addition to the
blue color OLED which has a thickness formed to have
maximum efficiency. Hereinafter, the structure of the blue
color OLED and a method of adjusting the thickness of
the blue color OLED will be described in detail with ref-
erence to FIGS. 2 through 5.

[0045] A white color MTP operation is performed such
that a display device displays a first target color coordi-
nate corresponding to a white color test grayscale (Step
S120). The white color MTP operation can be repeatedly
performed for the correction of the luminance and color
coordinates for respective pixels to reach the target qual-
ity level of the display device. Thus, the white color MTP
operation can measure a first measured color coordinate
when the display device displays a first image corre-
sponding to the white color test grayscale. The white color
MTP operation can compare the first target color coordi-
nate and the first measured color coordinate to generate
the MTP adjustment data. A method of performing a white
color MTP operation will be described in detail below with
reference to the FIG. 6.

[0046] Thebluecolor MTP operationis performed such
that a display device displays a second target color co-
ordinate corresponding to a blue color test grayscale
(Step S140). Since the blue color OLED is formed such
that the blue color OLED has a thickness for maximum
orincreased efficiency, the blue color MTP operation can
be performed toreach the second target color coordinate.
[0047] Theblue color MTP operation canbe performed
to improve the efficiency of the display device. The blue
color MTP operation can measure a second measured
color coordinate when the display device displays a sec-
ondimage corresponding to the blue color test grayscale.
The blue color MTP operation can compare the second
target color coordinate and the second measured color
coordinate to set the MTP adjustment data. Therefore,
the blue color light can be emitted using the red color
OLED and the green color OLED as well as the blue color
OLED.

[0048] In one example embodiment, the MTP adjust-
ment data can include MTP offset data that are calculated
based on a reference gamma curve. For example, the
reference gamma curve can be stored in a register in
driving integrated circuit (IC). The MTP offset data can
be calculated as the difference between the reference
gamma curve and compensation data in the white color
MTP operation and the blue color MTP operation. A de-
viation in the display characteristics of the display device
can be efficiently reduced using the MTP offset. In one
example embodiment, the MTP offset data can include
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red color offset data corresponding to the red color sub-
pixel, green color offset data corresponding to the green
color sub-pixel, and blue color offset data corresponding
to the blue color sub-pixel. Thus, the offset data for each
pixel can be respectively stored to independently set
gamma curves for each pixel, thereby enhancing the dis-
play quality. In one example embodiment, the MTP ad-
justment data can be stored in a memory device or mem-
ory thatisincluded in a driving IC. Amethod of performing
the blue color MTP operation will be described in detail
below with reference to FIG. 7.

[0049] The blue color data is output using a set of ad-
jacent blue, green and red color sub-pixels (Step S160).
The OLED display can adjust the input data using the
MTP adjustment data stored in the memory device. Here,
the OLED display outputs the blue color data using the
green and red color sub-pixels adjacent to each other to
improve the blue color OLED. In one example embodi-
ment, the blue color data is output using a first red color
sub-pixel, a first green color sub-pixel, and a first blue
color sub-pixel that are included in a first pixel. Thus, the
blue color light can be emitted using the blue, red, and
green color sub-pixels thatare included in the same pixel.
In another example embodiment, the blue color data is
output using the blue, red, and green color sub-pixels
that are adjacent to each other. Hereinafter, examples
of outputting the blue color data using the MTP adjust-
ment data will be described in detail with reference to
FIGS. 8 through 10.

[0050] Although the example embodiments of FIG. 1
describe that the MTP adjustment data include MTP off-
set data, the MTP adjustment data can include a variety
of information for adjusting the reference gamma curve.
For example, the MTP adjustment data can include in-
formation for the compensation gamma curve.

[0051] FIG. 2 is a cross-sectional view illustrating an
example of a display panel.

[0052] Referring to FIG. 2, the display panel 100 in-
cludes a first substrate 110, a thin film transistor, an
OLED, and a second substrate 190.

[0053] One ofthefirst substrate 110 or the second sub-
strate 190 is a base substrate and the other of the first
substrate 110 or the second substrate 190 is an encap-
sulation substrate. The second substrate 190 can be
formed opposite to the first substrate 110. The first sub-
strate 110 or the second substrate 190 can include a
transparent insulation substrate. For example, the first
substrate 110 or the second substrate 190 can include
a glass substrate, a quartz substrate, or a transparent
resin substrate, etc. The transparent resin substrate can
include polyamide resin, acryl resin, polyacrylate resin,
polycarbonate resin, polyether resin, polyethylene
terephthalate resin, or sulfonic acid resin, etc.

[0054] The thin film transistor includes a buffer layer
121, an active layer 122, a gate insulation layer 123, a
gate electrode 124, an inorganic insulation layer 125, a
source electrode 126, and a drain electrode 127.
[0055] The buffer layer 121 is formed on the first sub-
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strate 110. The buffer layer 121 can prevent the diffusion
of metal atoms and/or impurities from the first substrate
110. In addition, the buffer layer 121 can improve the
flatness of the surface of the first substrate 110. The ac-
tive layer 122 may include amorphous silicon, poly silicon
and/or organic semiconductor materials. The gate insu-
lation layer 123 is formed on the active layer 122. The
gate insulation layer 123 can entirely cover the active
layer 122. The gate electrode 124 is formed on the gate
insulation layer 123 and overlaps the active layer 122.
The inorganic insulation layer 125 is formed on the gate
electrode 124 and can entirely cover the gate electrode
124. The source electrode 126 is electrically connected
to the active layer 122 through a first contact hole that is
formed in the gate insulation layer 123 and the inorganic
insulation layer 125. For example, the source electrode
126 contacts a first end portion of the active layer 122.
In addition, the source electrode 126 can partially overlap
the first end portion of the gate electrode 124. The drain
electrode 127 is electrically connected to the active layer
122 through a second contact hole that is formed in the
gate insulation layer 123 and the inorganic insulation lay-
er 125. For example, the drain electrode 127 contacts a
second end portion of the active layer 122. In addition,
the drain electrode 127 can partially overlap the second
end portion of the gate electrode 124.

[0056] The organic insulation layer 130 is formed on
the inorganic insulation layer 125 on which the source
electrode 126 and the drain electrode 127 are formed.
[0057] The OLED includes a first electrode 140, a mid-
dle layer 150, and a second electrode 160.

[0058] The first electrode 140 is formed on the organic
insulation layer 130. The first electrode 140 is electrically
connected to the drain electrode 127. In one example
embodiment, the first electrode 140 is used as an anode
electrode that provides positive holes to the middle layer
150.

[0059] The middle layer 150 is formed on the first elec-
trode 140. The middle layer 150 can include an organic
emission layer. The organic emission layer may sequen-
tially include a hole injection layer, a hole transfer layer,
an emission layer, an electron transfer layer, and an elec-
tron injection layer. The first electrode 140 can provide
positive holes to the hole injection layer and the hole
transfer layer. The second electrode 160 can provide
electrons to the electron transfer layer and the electron
injection layer. The positive holes can be combined with
the electrons in the emission layer to generate light hav-
ing a desired wavelength.

[0060] The second electrode 160 is formed on the mid-
dle layer 150. In one example embodiment, the second
electrode 160 is used as a cathode that provides elec-
trons to the middle layer 150.

[0061] In one example embodiment, a red color OLED
included in a red color sub-pixel, a green color OLED
included in a green color sub-pixel, and a blue color
OLED included in a blue color sub-pixel have different
thicknesses from each other. Thus, the red, green, and
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blue color OLEDs may have different thicknesses from
each other to respectively achieve optimal efficiency. In
one example embodiment, in the blue color OLED, the
middle layer 150 further includes a resonance layer.
Thus, the blue color OLED can be formed such that the
blue color OLED has a thickness for maximum efficiency
by including the resonance layer to achieve resonance,
thereby improving the efficiency of the blue color OLED.
[0062] The pixel defining layer 135 is formed on the
organic insulation layer 130 on which the pixel electrode
140 is formed. The pixel defining layer 135 partially over-
laps two end portions of the pixel electrode 140. The pixel
defining layer 135 overlaps the common electrode 160.
[0063] FIG. 3 is a cross-sectional view illustrating an
example of a blue color OLED included in the display
panel of FIG. 2.

[0064] Referring to FIG. 3, the blue color OLED in-
cludes a first electrode 140, a resonance layer 152, an
organic emission layer 154, and a second electrode 160.
[0065] Thefirstelectrode 140 can be used as an anode
electrode that provides positive holes to the middle layer
150.

[0066] Theresonance layer 152isinterposed between
the first electrode 140 and the second electrode 160. The
resonance layer 152 can have a thickness D2 that is
specified to increase the efficiency ofthe blue color OLED
by resonance. In one example embodiment, the reso-
nance layer 152 has the thickness D2 which enables con-
structive interference of light emitted by the organic emis-
sion layer 154. Thus, the resonance layer 152 can adjust
a distance D1 between the first electrode 140 and the
second electrode 160 to efficiently induce constructive
interference of the light emitted by the organic emission
layer 154.

[0067] The organic emission layer 154 is interposed
between the first electrode 140 and the second electrode
160. The organic emission layer 154 may sequentially
include a hole injection layer, a hole transfer layer, an
emission layer, an electron transfer layer, and an electron
injection layer. Positive holes from the anode are com-
bined with electrons from the cathode in the organic emis-
sion layer 154 between the anode and the cathode to
emit light.

[0068] The second electrode 160 is formed opposite
to the first electrode 140. The second electrode 160 can
be used as a cathode that provides electrons to the mid-
dle layer 150.

[0069] FIGS. 4 and 5 are graphs illustrating examples
of the efficiency of a blue color OLED according to the
thickness of the blue color OLED.

[0070] Referring to FIGS. 4 and 5, to improve the effi-
ciency of the blue color OLED, the thickness of the blue
color OLED can be adjusted considering the resonance
of the blue color OLED.

[0071] AsshowninFIG. 4, the standard OLED display
may have low light efficiency because only a portion of
the spectrum of light emitted is used to reach a target
color coordinate for each pixel that has a resonance
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structure. Especially, the blue color OLED may lose a
relatively large portion of its spectrum to reach the target
color coordinate in comparison with the red color OLED
or the green color OLED. A first front spectrum FS1 of
the blue color light can be affected by the resonance of
the blue color OLED. On the other hand, a rear spectrum
RS of the blue color light may not affected by the reso-
nance of the blue color OLED. When the thickness of the
blue color OLED is adjusted to reach the target color
coordinate, the first front spectrum FS1 may lose a rela-
tively large portion of its spectrum in contrast with the
rear spectrum RS. Therefore, the standard blue color
OLED may have a relatively low efficiency, thereby de-
creasing its life span and increasing power consumption.
[0072] As shown in FIG. 5, the thickness of the blue
color OLED can be adjusted such that constructive inter-
ference of the light occurs efficiently, thereby improving
the efficiency of the blue color OLED. A blue color MTP
operation can be performed after the thickness of the
blue color OLED is adjusted. A second front spectrum
FS2 of the blue color light can be affected by the reso-
nance of the blue color OLED. In this embodiment, the
loss of portions of the spectrum of the second front spec-
trum FS2 can be minimized. Therefore, the blue color
OLED can have a relatively high efficiency, thereby in-
creasing its life span and reducing power consumption.
[0073] FIG. 6 is a flowchart illustrating an example of
performing a white color MTP operation in the method of
FIG. 1.

[0074] Referring to FIG. 6, the white color MTP oper-
ation can include repeatedly performing the correctionin
a color coordinate for each pixel to reach a target quality
level of a display device.

[0075] A first target color coordinate corresponding to
a white color test grayscale is determined (Step S220).
Here, the first target color coordinate is a target color
coordinate to be displayed when the display device dis-
plays the firstimage corresponding to the white color test
grayscale.

[0076] When the firstimage corresponding to the white
color test grayscale is displayed on the display device, a
first color coordinate for the firstimage is measured (Step
S240). For example, the display device can display the
firstimage and the first color coordinate for the firstimage
can be measured using optical devices.

[0077] The first target color coordinate and the first
measured color coordinate are compared (Step S260).
The MTP adjustment data is generated such that the first
measured color coordinate substantially matches the first
target color coordinate (Step S280). When the first target
color coordinate is substantially equal to the first meas-
ured color coordinate, the correction does not need to be
performed. On the other hand, when the first target color
coordinate is different from the first measured color co-
ordinate, deviation in the display characteristics of pixels
can occur. The MTP adjustment data may be generated
such that the first measured color coordinate substan-
tially matches the first target color coordinate, thereby
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enhancing the display quality.

[0078] FIG. 7 is a flowchart illustrating an example of
performing a blue color MTP operation in the method of
FIG. 1.

[0079] Referring to FIG. 7, the blue color OLED is
formed such that blue color OLED has a thickness for
maximum or increased efficiency and the blue color MTP
operation corresponding to blue color coordinate can be
performed.

[0080] A second targetcolor coordinate corresponding
to a blue color test grayscale is determined (Step S320).
Here, the second target color coordinate is a target color
coordinate to be displayed when the display device dis-
plays the second image corresponding to the blue color
test grayscale.

[0081] When the second image corresponding to the
blue color test grayscale is displayed on the display de-
vice, a second color coordinate for the second image is
measured (Step S340). For example, the display device
can display the second image and the second color co-
ordinate for the second image can be measured using
the optical devices.

[0082] The second target colorcoordinate and the sec-
ond measured color coordinate are compared (Step
S360). The MTP adjustment data is adjusted such that
the second measured color coordinate substantially
matches the second target color coordinate (Step S380).
When the blue color OLED is formed to have a thickness
for the maximum or increased efficiency without consid-
ering the color coordinate for the blue color, the second
measured color coordinate may be different from the sec-
ond target color coordinate. Therefore, the MTP adjust-
ment data can be adjusted such that the second meas-
ured color coordinate substantially matches the second
target color coordinate, thereby correcting the color co-
ordinate for the blue color.

[0083] In one example embodiment, the MTP adjust-
ment data includes MTP offset data that are calculated
based on a reference gamma curve. The reference gam-
ma curve can be stored in a register in driving IC. The
MTP offset data can be calculated by the white color MTP
operation and the blue color MTP operation. If the MTP
adjustment data includes compensation gamma curves
for each of the pixels, a high-capacity memory device
may be needed to store the MTP adjustment data. On
the other hand, when the MTP adjustment data includes
the MTP offset data, a difference between the reference
gamma curve and compensation data can be stored in
the register orthe memory device. Therefore, the amount
of MTP adjustment data can be reduced and a deviation
in the display characteristics of the display device can be
efficiently reduced. In one example embodiment, the
MTP offset data includes red color offset data corre-
sponding to the red color sub-pixel, green color offset
data corresponding to the green color sub-pixel, and blue
color offset data corresponding to the blue color sub-
pixel. Thus, the offset data for each pixel can be respec-
tively stored to independently set gamma curves for each
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pixel, thereby enhancing the display quality. The MTP
adjustment data can be stored in the memory device that
is included in the driving IC. For example, the MTP ad-
justment data can be stored in the memory device includ-
ed in the MTP processor and the image data can be ad-
justed using the MTP adjustment data. Therefore, the
blue color data can be output using a blue color sub-pixel,
a green color sub-pixel, and a red color sub-pixel that are
adjacent to each other.

[0084] FIGS. 8 through 10 are diagrams illustrating ex-
amples of outputting blue color data using MTP adjust-
ment data that are adjusted by the method of FIG. 1.
[0085] Referring to FIGS. 8 through 10, image data
can be adjusted using MTP adjustment data to output
blue color data using a blue color sub-pixel, a green color
sub-pixel, and a red color sub-pixel that are adjacent to
each other. Thus, a blue color light can be emitted using
the red color OLED and the green color OLED that have
a relatively high light efficiency as well as the blue color
OLED that has a relatively low light efficiency. Therefore,
efficiency of the OLED display can be improved.

[0086] As shown in FIG. 8, pixels can be arranged in
a stripe shape. Each pixel can have at least three sub-
pixels. For example, the display panel can include a first
column including red color OLEDs, a second column in-
cluding blue color OLEDs, and a third column including
green color OLEDs. In one example embodiment, the
MTP adjustment data are adjusted to output the blue
color data using a first red color sub-pixel 14, afirst green
color sub-pixel 16, and a first blue color sub-pixel 12 that
are included in a first pixel 10. Thus, the blue color light
can be emitted using the blue, red, and green color
OLEDs that are included in the same pixel. For example,
the blue color data for the first pixel 10 can be output
using the first red color sub-pixel 14 and the first green
color sub-pixel 16 included in the first pixel 10 as well as
the first blue color sub-pixel 12.

[0087] As shown in FIG. 9, the pixels can be arranged
in a pentile shape. Each pixel can have two sub-pixels.
For example, the display panel can include a first column
in which the blue color OLEDs and the red color OLEDs
are alternately formed and a second column in which the
green color OLEDs are formed. In one example embod-
iment, the MTP adjustment data are adjusted to output
the blue color data using a second pixel 20 and a third
pixel 30 that are adjacent to each other. Here, the second
pixel 20 includes a second blue color sub-pixel 22 and a
second green color sub-pixel 26. The third pixel 30 in-
cludes a third red color sub-pixel 34 and a third green
color sub-pixel 36. Thus, the blue color light can be emit-
ted using the blue, red, and green color OLEDs that are
included in the same pixel or adjacent pixel. For example,
the blue color data for the second pixel 20 can be output
using the second green color sub-pixel 26 included in the
second pixel 20, the third red color sub-pixel 34 and the
third green color sub-pixel 36 included in the third pixel
30 as well as the second blue color sub-pixel 22.
[0088] AsshowninFIG. 10, the pixels can be arranged
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ina diamond pentile shape. Each pixel has two sub-pixels
and the sub-pixels are arranged in diagonal. When the
sub-pixels are diagonally arranged, the OLEDs are ar-
ranged in a diamond shape for the efficient use of space
and to improve display quality. In one example embodi-
ment, the MTP adjustment data are adjusted to output
the blue color data using a second pixel 40 and a third
pixel 50 that are adjacent to each other. Here, the second
pixel 40 includes a second blue color sub-pixel 42 and a
second green color sub-pixel 46. The third pixel 50 in-
cludes a third red color sub-pixel 54 and a third green
color sub-pixel 56. Thus, the blue color light can be emit-
ted using the blue, red, and green color OLEDs that are
included in the same pixel or adjacent pixel. For example,
the blue color data for the second pixel 40 can be output
using the second green color sub-pixel 46 included in the
second pixel 40, the third red color sub-pixel 54 and the
third green color sub-pixel 56 included in the third pixel
50 as well as the second blue color sub-pixel 42.
[0089] FIG. 11 is a block diagram illustrating an OLED
display according to example embodiments. FIG. 12 is
a block diagram illustrating an example of an MTP proc-
essor included in the OLED display of FIG. 11.

[0090] Referringto FIGS. 11 and 12, the OLED display
1000 can display an image with high quality and improve
the efficiency of a blue color OLED by including an MTP
processor 300.

[0091] As shown in FIG. 11, the OLED display device
1000 includes a display panel 100, a scan driver 200, an
MTP processor 300, a data driver 400, a power supply
500, and a timing controller 600.

[0092] The display panel 100 includes a plurality of pix-
els PX. The display panel 100 is connected to the scan
driver 200 via a plurality of scan lines SL1 through SLn.
The display panel 100 is connected to the data driver 400
via a plurality of data lines DL1 through DLn. The display
panel 100 includes n*m pixels PX since the pixels PX are
arranged at locations corresponding to the intersections
between the scan lines SL1 through SLn and the data
lines DL1 through DLm.

[0093] In one example embodiment, the pixels PX are
arranged in a stripe shape. When the pixels PX are ar-
ranged in the stripe shape, each of the pixels PX can
include a red color sub-pixel, a green color sub-pixel, and
a blue color sub-pixel. In another example embodiment,
the pixels are arranged in a pentile shape. The display
panel having the pentile shape structure can reduce the
number of the red color sub-pixels and the blue sub color
pixels by half in comparison with the display panel having
the stripe shape structure. Therefore, the display panel
having the pentile shape structure can reduce the
number of total pixels by 2/3 in comparison with the dis-
play panel having the stripe shape structure, thereby in-
creasing the opening ratio of the display panel 100.
[0094] Inone example embodiment, a red color OLED
included in the red color sub-pixel, a green color OLED
included in the green color sub-pixel, and a blue color
OLED included in the blue color sub-pixel have different
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thicknesses from each other. The thicknesses of the red,
the green, and the blue color OLEDs can be respectively
determined considering a resonance effect to achieve
optimal or improved efficiency. In one example embodi-
ment, the blue color OLED can include a first electrode,
a second electrode opposing the first electrode, a blue
color organic emission layer interposed between the first
electrode and the second electrode, and a resonance
layer interposed between the first electrode and the sec-
ond electrode. Also, the resonance layer can have a
thickness for the constructive interference of blue color
light emitted by the blue color organic emission layer.
Since the structure of the OLED is described above, du-
plicated descriptions thereof will be omitted.

[0095] The scan driver 200 provides scan signals to
the pixels PX via the scan lines SL1 through SLn.
[0096] The data driver 400 provides data signals to the
pixels PX via the data lines DL1 through DLm.

[0097] The power supply 500 provides a high power
voltage ELVDD and a low power voltage ELVSS to the
pixels PX via power lines.

[0098] The timing controller 600 controls the scan driv-
er 200, the MTP processor 300, the data driver 400, and
the power supply 500 based on first through fourth control
signals CTLi through CTL4.

[0099] The MTP processor 300 adjusts image data us-
ing MTP adjustment data for outputting blue color data
using the blue color sub-pixel, the green color sub-pixel,
and the red color sub-pixel. For example, the MTP proc-
essor 300 can convert input image data signal IN_DATA
to output image data signal OUT_DATA using the MTP
adjustment data. In one example embodiment, the MTP
processor 300 is located outside of the data driver 400
and the timing controller 600, as shown in FIG. 11. In
another example embodiment, the MTP processor 300
can be located inside of the data driver 400 or the timing
controller 600.

[0100] In one example embodiment, when the pixels
PX are arranged in the stripe shape, the MTP processor
300 adjusts the image data to output the blue color data
using a first red color sub-pixel, a first green color sub-
pixel, and a first blue color sub-pixel that are included in
a first pixel. In another example embodiment, when the
pixels PX are arranged in the pentile shape, the MTP
processor 300 adjusts the image data to output the blue
color data using a second pixel and a third pixel. Here,
the second pixel includes a second blue color sub-pixel
and a second green color sub-pixel. The third pixel in-
cludes a third red color sub-pixel and a third green color
sub-pixel. Since a variety of methods of outputting the
blue color data using the blue color sub-pixel, the green
color sub-pixel, and the red color sub-pixel that are ad-
jacent to each other are described above, duplicated de-
scriptions will be omitted.

[0101] As shown in FIG. 12, the MTP processor 300
includes a memory device or memory 320 and an image
data adjusting device or image data adjustment unit 340.
[0102] The memory device 320 stores the MTP adjust-
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ment data that are adjusted by the white color MTP op-
eration and the blue color MTP operation. The MTP ad-
justment data include information for a compensation
gamma curve. Therefore, the MTP adjustment data can
be adjusted to output the blue color data using the blue
color sub-pixel, the green color sub-pixel, and the red
color sub-pixel adjacent to each other. In one example
embodiment, the MTP adjustment data can include MTP
offset data that are calculated based on a reference gam-
ma curve. For example, the MTP offset data can include
red color offset data corresponding to the red color sub-
pixel, green color offset data corresponding to the green
color sub-pixel, and blue color offset data corresponding
to the blue color sub-pixel. The offset data for each pixel
can be respectively stored to independently set gamma
curves for each pixel, thereby enhancing the display qual-
ity. Inanother example embodiment, the MTP adjustment
data can include the compensation gamma curves for
each of pixels.

[0103] Theimage data adjusting device 340 can adjust
theimage databased on the MTP adjustment data stored
inthe memory device 320. Thus, theimage data adjusting
device 340 can convertinputimage data signal IN_DATA
to output image data signal OUT_DATA using the MTP
adjustment data. Therefore, the blue color light can be
emitted using the red color OLED and the green color
OLED that have a relatively high light efficiency as well
as the blue color OLED of which thickness is formed to
have a maximum or increased efficiency.

[0104] In addition, the MTP processor 300 can further
include an MTP buffer for storing updated MTP adjust-
ment data in the memory device 320.

[0105] Although itis illustrated in FIG. 12 that the MTP
processor 300 includes the memory device 320 and the
image data adjusting device 340, the MTP processor 300
can have various structures in order to output the blue
color data using the blue color sub-pixel, the green color
sub-pixel, and the red color sub-pixel that are adjacent
to each other.

[0106] Therefore, the OLED display 1000 can improve
a life span of a display panel and reduce power consump-
tion by including the MTP processor 300.

[0107] Although the example embodiments describe
thata thickness of OLED is adjusted using the resonance
layer, the thickness of OLED can be adjusted by a variety
of methods.

[0108] The described technology may be applied to an
electronic device having an OLED display. For example,
the described technology can be applied to a cellular
phone, a smart phone, a smart pad, a personal digital
assistant (PDA), etc.

[0109] As discussed, embodiments of the invention
can provide a method of performing a multi-time pro-
grammable, MTP, operation, the method comprising:
performing a white color MTP operation for displaying a
first target color coordinate corresponding to a white color
test grayscale on a display device so as to generate MTP
adjustment data; and performing a blue color MTP oper-
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ation for displaying a second target color coordinate cor-
responding to a blue color test grayscale on the display
device, wherein the blue color MTP operation comprises
adjusting the MTP adjustment data such that the display
device displays blue color data using a blue color sub-
pixel, a green color sub-pixel adjacent to the blue color
sub-pixel, and a red color sub-pixel adjacent to the blue
color sub-pixel.

[0110] Embodiments of the invention can also provide
an organic light-emitting diode, OLED, display, compris-
ing: a display panel including a plurality of pixels, wherein
the pixels include a red color sub-pixel, a green color
sub-pixel, and a blue color sub-pixel that are adjacent to
each other; a scan driver configured to apply scan signals
to the pixels; a multi-time programmable, MTP, processor
configured to adjust image data using MTP adjustment
data, wherein the display panel is configured to display
blue color data using the blue color sub-pixel, the green
color sub-pixel, and the red color sub-pixel; a data driver
configured to: i) generate data signals based on the ad-
justed image data and ii) apply the data signals to the
pixels; a power supply configured to provide a high power
voltage and alow power voltage to the pixels; and a timing
controller configured to control the scan driver, the MTP
processor, the data driver, and the power supply.
[0111] The foregoing is illustrative of example embod-
iments and is not to be construed as limiting thereof. Al-
though a few example embodiments have been de-
scribed, those skilled in the art will readily appreciate that
many modifications are possible in the example embod-
iments without materially departing from the novel teach-
ings and advantages of the inventive technology. Accord-
ingly, all such modifications are intended to be included
within the scope of the invention as defined in the claims.
Therefore, it is to be understood that the foregoing is
illustrative of various example embodiments and is not
to be construed as limited to the specific example em-
bodiments disclosed, and that modifications to the dis-
closed example embodiments, as well as other example
embodiments, are intended to be included within the
scope of the appended claims.

Claims

1. A method of performing a multi-time programmable,
MTP, operation, the method comprising:

performing a white color MTP operation for dis-
playing a first target color coordinate corre-
sponding to a white color test grayscale on a
display device so as to generate MTP adjust-
ment data; and

performing a blue color MTP operation for dis-
playing a second target color coordinate corre-
sponding to a blue color test grayscale on the
display device,

wherein the blue color MTP operation comprises
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adjusting the MTP adjustment data such that the
display device displays blue color data using a
blue color sub-pixel, a green color sub-pixel ad-
jacent to the blue color sub-pixel, and ared color
sub-pixel adjacent to the blue color sub-pixel.

2. The method of claim 1, wherein the blue, green, and
red color sub-pixels are included in the same pixel.

3. The method of claim 1 or 2, wherein the performing
of the white color MTP operation includes:

determining the first target color coordinate cor-
responding to the white color test grayscale;
measuring a first color coordinate for a first im-
age corresponding to the white color test gray-
scale when the first image is displayed on the
display device;

comparing the first target color coordinate to the
first measured color coordinate; and
generating the MTP adjustment data such that
the first measured color coordinate substantially
matches the first target color coordinate.

4. The method of any one of claims 1 to 3, wherein
performing the blue color MTP operation includes:

determining the second target color coordinate
corresponding to the blue color test grayscale;
measuring a second color coordinate for a sec-
ond image corresponding to the blue color test
grayscale when the second image is displayed
on the display device;

comparing the second target color coordinate to
the second measured color coordinate; and
adjusting the MTP adjustment data such that the
second measured color coordinate substantially
matches the second target color coordinate.

5. The method of claim 4, wherein the MTP adjustment
data includes MTP offset data that are calculated
based on a reference gamma curve.

6. The method of claim 5, wherein the MTP offset data
include red color offset data corresponding to the red
color sub-pixel, green color offset data correspond-
ing to the green color sub-pixel, and blue color offset
data corresponding to the blue color sub-pixel.

7. The method of claim 6, wherein the display device
comprises a driving integrated circuit, IC, including
a memory and wherein the MTP adjustment data are
stored in the memory.

8. Anorganiclight-emitting diode, OLED, display, com-
prising:

a display panel including a plurality of pixels,
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wherein the pixels include a red color sub-pixel,
a green color sub-pixel, and a blue color sub-
pixel that are adjacent to each other;

a scan driver configured to apply scan signals
to the pixels;

a multi-time programmable, MTP, processor
configured to adjust image data using MTP ad-
justment data, wherein the display panel is con-
figured to display blue color data using the blue
color sub-pixel, the green color sub-pixel, and
the red color sub-pixel;

a data driver configured to: i) generate data sig-
nals based on the adjusted image data and ii)
apply the data signals to the pixels;

a power supply configured to provide a high
power voltage and a low power voltage to the
pixels; and

atiming controller configured to control the scan
driver, the MTP processor, the data driver, and
the power supply.

The display of claim 8, wherein the MTP processor
is further configured to adjust the MTP adjustment
data via:

performing a white color MTP operation for dis-
playing a first target color coordinate corre-
sponding to a white color test grayscale on the
display panel; and

performing a blue color MTP operation for dis-
playing a second target color coordinate corre-
sponding to a blue color test grayscale on the
display panel.

The display of claim 9, wherein the MTP processor
includes:

a memory configured to store the MTP adjust-
mentdata, wherein the MTP processor is further
configured to adjust the MTP adjustment data
based on the white color MTP operation and the
blue color MTP operation; and

an image data adjustment unit configured to ad-
just the image data based on the MTP adjust-
ment data.

The display of any one of claims 8 to 10, wherein the
pixels are arranged in a stripe shape, and

wherein the MTP processor is further configured to
adjust the image data such that the display panel
displays the blue color data using a first red color
sub-pixel, a first green color sub-pixel, and a first
blue color sub-pixel that are included in a first pixel.

The display of any one of claims 8 to 11, wherein the
pixels are arranged in a pentile shape,

wherein the MTP processor is further configured to
adjust the image data such that the display panel
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display the blue color data using a second pixel and
a third pixel,

wherein the second pixel includes a second blue
color sub-pixel and a second green color sub-pixel,
and

wherein the third pixel includes a third red color sub-
pixel and a third green color sub-pixel.

The display of any one of claims 8 to 12, wherein the
red, green, and blue color sub-pixels respectively
comprise red, green, and blue organic light-emitting
diodes (OLEDs) and wherein each of the red, green,
and blue OLEDs has a different thickness.

The display of claim 13, wherein the blue color OLED
comprises:

a first electrode;

a second electrode opposing the first electrode;
a blue color organic emission layer interposed
between the first electrode and the second elec-
trode; and

a resonance layer interposed between the first
electrode and the second electrode.

The display of claim 14, wherein the resonance layer
has a thickness such that the blue color light emitted
by the blue color organic emission layer construc-
tively interferes.

Amended claims in accordance with Rule 137(2)
EPC.

1.

2,

3.

A method of performing a multi-time programmable,
MTP, operation for adjusting a gamma curve, the
method comprising:

performing a white color MTP operation for dis-
playing a first target color coordinate corre-
sponding to a white color test grayscale on a
display device so as to generate MTP adjust-
ment data for adjusting the gamma curve; and
performing a blue color MTP operation for dis-
playing a second target color coordinate corre-
sponding to a blue color test grayscale on the
display device,

wherein the blue color MTP operation comprises
adjusting the MTP adjustment data such that the
display device displays blue color data using a
blue color sub-pixel, a green color sub-pixel ad-
jacent to the blue color sub-pixel, and ared color
sub-pixel adjacent to the blue color sub-pixel.

The method of claim 1, wherein the blue, green, and
red color sub-pixels are included in the same pixel.

The method of claim 1 or 2, wherein the performing
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of the white color MTP operation includes:

determining the first target color coordinate cor-
responding to the white color test grayscale;
measuring a first color coordinate for a first im-
age corresponding to the white color test gray-
scale when the first image is displayed on the
display device;

comparing the first target color coordinate to the
first measured color coordinate; and
generating the MTP adjustment data such that
the first measured color coordinate substantially
matches the first target color coordinate.

4. The method of any one of claims 1 to 3, wherein

performing the blue color MTP operation includes:

determining the second target color coordinate
corresponding to the blue color test grayscale;
measuring a second color coordinate for a sec-
ond image corresponding to the blue color test
grayscale when the second image is displayed
on the display device;

comparing the second target color coordinate to
the second measured color coordinate; and
adjusting the MTP adjustment data such thatthe
second measured color coordinate substantially
matches the second target color coordinate.

The method of claim 4, wherein the MTP adjustment
data includes MTP offset data that are calculated
based on a reference gamma curve.

The method of claim 5, wherein the MTP offset data
include red color offset data corresponding to the red
color sub-pixel, green color offset data correspond-
ing to the green color sub-pixel, and blue color offset
data corresponding to the blue color sub-pixel.

The method of claim 6, wherein the display device
comprises a driving integrated circuit, I1C, including
amemory and wherein the MTP adjustment data are
stored in the memory.

An organic light-emitting diode, OLED, display, com-
prising:

a display panel (100) including a plurality of pix-
els, wherein the pixels include a red color sub-
pixel, a green color sub-pixel, and a blue color
sub-pixel that are adjacent to each other;

a scan driver (200) configured to apply scan sig-
nals to the pixels;

a multi-time programmable, MTP, processor
(300) configured to adjustimage data using MTP
adjustment data for adjusting a gamma curve,
wherein the display panel is configured to dis-
play blue color data using the blue color sub-
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pixel, the green color sub-pixel, and the red color
sub-pixel;

a data driver (400) configured to: i) generate da-
ta signals based on the adjusted image data and
ii) apply the data signals to the pixels;

a power supply (500) configured to provide a
high power voltage and a low power voltage to
the pixels; and

a timing controller (600) configured to control
the scan driver, the MTP processor, the data
driver, and the power supply.

The display of claim 8, wherein the MTP processor
is further configured to adjust the MTP adjustment
data via:

performing a white color MTP operation for dis-
playing a first target color coordinate corre-
sponding to a white color test grayscale on the
display panel; and

performing a blue color MTP operation for dis-
playing a second target color coordinate corre-
sponding to a blue color test grayscale on the
display panel.

The display of claim 9, wherein the MTP processor
includes:

a memory configured to store the MTP adjust-
ment data, wherein the MTP processor is further
configured to adjust the MTP adjustment data
based on the white color MTP operation and the
blue color MTP operation; and

an image data adjustment unit configured to ad-
just the image data based on the MTP adjust-
ment data.

The display of any one of claims 8 to 10, wherein the
pixels are arranged in a stripe shape, and

wherein the MTP processor is further configured to
adjust the image data such that the display panel
displays the blue color data using a first red color
sub-pixel, a first green color sub-pixel, and a first
blue color sub-pixel that are included in a first pixel.

The display of any one of claims 8 to 11, wherein the
pixels are arranged in a pentile shape,

wherein the MTP processor is further configured to
adjust the image data such that the display panel
display the blue color data using a second pixel and
a third pixel,

wherein the second pixel includes a second blue
color sub-pixel and a second green color sub-pixel,
and

wherein the third pixel includes a third red color sub-
pixel and a third green color sub-pixel.

The display of any one of claims 8 to 12, wherein the
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red, green, and blue color sub-pixels respectively
comprise red, green, and blue organic light-emitting
diodes (OLEDs) and wherein each of the red, green,
and blue OLEDs has a different thickness.

The display of claim 13, wherein the blue color OLED
comprises:

a first electrode;

a second electrode opposing the first electrode;
a blue color organic emission layer interposed
between the first electrode and the second elec-
trode; and

a resonance layer interposed between the first
electrode and the second electrode.

The display of claim 14, wherein the resonance layer
has a thickness such that the blue color light emitted
by the blue color organic emission layer construc-
tively interferes.
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