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(57) ABSTRACT

Provided is a correction method performed in a display
device including a matrix of pixels each including an organic
EL element that emits light in accordance with a luminance
signal. The method includes: obtaining, in advance, first
correction data for correcting the luminance signal; trans-
forming the first correction data into second correction data
smaller in data size than the first correction data; and
correcting the luminance signal using the second correction
data. The first and second correction data respectively
include first color correction data for correcting first sub
pixel luminance, second color correction data for correcting
second sub pixel luminance, and third color correction data
for correcting third sub pixel luminance. In the transforming,
the first correction data is transformed such that a data
reduction amount of the second color correction data is
greater than a data reduction amount of the first color
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DISPLAY DEVICE, DISPLAY DEVICE
CORRECTION METHOD, DISPLAY DEVICE
MANUFACTURING METHOD, AND DISPLAY

DEVICE DISPLAY METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on and claims
priority of Japanese Patent Application No. 2016-156726
filed on Aug. 9, 2016. The entire disclosure of the above-
identified application, including the specification, drawings
and claims is incorporated herein by reference in its entirety.

FIELD

[0002] The present disclosure relates to a display device,
a display device correction method, a display device manu-
facturing method, and a display device display method.

BACKGROUND

[0003] One example of a known display device that uses
current-driven light emitting elements is an organic elec-
troluminescent (EL) display. Organic EL displays have
gained attention due to their wide viewing angle and low
power consumption.

[0004] Usually, in organic EL displays, the organic EL
elements that form the pixels are arranged in a matrix. In
active matrix organic EL displays in particular, even if there
is an increase in the duty cycle, this increase does not lead
to a reduction in luminance due to the display’s ability to
illuminate the organic EL elements until the next scan
(selection). This makes it possible to drive the display at a
low voltage, resulting in lower power consumption. How-
ever, one shortcoming of active matrix organic EL displays
is that they are susceptible to appearing uneven in luminance
due to the luminances between interpixel organic EL ele-
ments being different even when the same luminance signal
is applied, caused by variances in driver transistor and/or
organic EL element characteristics.

[0005] One proposed conventional method for correcting
luminance unevenness in an organic EL display device is a
compensation method for non-uniform interpixel character-
istics involving correcting luminance signals using correc-
tion data stored in advance in memory.

[0006] For example, Patent Literature (PTL) 1 discloses a
manufacturing method for an organic EL display device
including obtaining, in a display panel including pixels
including organic EL elements and driver transistors, rep-
resentative current-voltage characteristics, luminance-cur-
rent characteristics of each partitioned region, and lumi-
nance-current characteristics of each pixel, and obtaining
correction data for each pixel that corrects the obtained
current-voltage characteristics for each pixel to the repre-
sentative current-voltage characteristics. With this, since
precise correction data is obtained, unevenness in the deg-
radation in luminance with age can be inhibited.

CITATION LIST

Patent Literature

[0007] [PTL 1] WO 2011/118124

Feb. 15,2018

SUMMARY

Technical Problem

[0008] However, with the organic EL display device dis-
closed in PTL 1, correction data (gain and offset) derived in
advance for each pixel is stored in memory in the control
circuit. Accordingly, when the resolution of the display
panel is increased and the precision of the correction data is
maintained, there is a problem that the size of the correction
data significantly increases. This is a serious problem in
particular with, for example, compact, high-definition tablet
devices, which are in high demand.

[0009] The present disclosure has been conceived in view
of the above problem and has an object to provide a display
device, a display device correction method, a display device
manufacturing method, and a display device display method
with reduced correction data size.

Solution to Problem

[0010] 1In order to solve the above problem, according to
one aspect of the present invention, a display device cor-
rection method for correcting luminance unevenness in a
display device including a matrix of pixels each including a
light emitting element that emits light in accordance with a
luminance signal, includes: obtaining, in advance, first cor-
rection data for correcting the luminance signal, the first
correction data including correction data components cor-
responding to the pixels; transforming the first correction
data into second correction data smaller in data size than the
first correction data; and correcting the luminance signal
using the second correction data. The pixels each include at
least a first sub pixel that emits light of a first color, a second
sub pixel that emits light of a second color, and a third sub
pixel that emits light of a third color. The first correction data
and the second correction data respectively include at least
first color correction data for correcting a luminance of the
first sub pixel, second color correction data for correcting a
luminance of the second sub pixel, and third color correction
data for correcting a luminance of the third sub pixel. In the
transforming, the first correction data is transformed such
that a data reduction amount of the second color correction
data is greater than a data reduction amount of the first color
correction data.

[0011] Moreover, according to one aspect of the present
invention, a display device manufacturing method for manu-
facturing a display device including a matrix of pixels each
including a light emitting element that emits light in accor-
dance with a luminance signal, includes: forming a display
panel including the pixels; obtaining, in advance, first cor-
rection data for correcting the luminance signal, the first
correction data including correction data components cor-
responding to the pixels; transforming the first correction
data into second correction data smaller in data size than the
first correction data; correcting the luminance signal using
the second correction data; and storing the second correction
data in memory included in the display device after the
transforming. The pixels each include at least a first sub
pixel that emits light of a first color, a second sub pixel that
emits light of a second color, and a third sub pixel that emits
light of a third color. The first correction data and the second
correction data respectively include at least first color cor-
rection data for correcting a luminance of the first sub pixel,
second color correction data for correcting a luminance of
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the second sub pixel, and third color correction data for
correcting a luminance of the third sub pixel, and in the
transforming. The first correction data is transformed such
that a data reduction amount of the second color correction
data is greater than a data reduction amount of the first color
correction data.

[0012] Moreover, according to one aspect of the present
invention, a display device display method for a display
device including a matrix of pixels each including a light
emitting element that emits light in accordance with a
luminance signal, includes: correcting the luminance signal
using second correction data generated by (1) obtaining, in
advance, first correction data for correcting the luminance
signal, the first correction data including correction data
components corresponding to the pixels and (ii) transform-
ing the first correction data into second correction data
smaller in data size than the first correction data; and
supplying the luminance signal corrected in the correcting to
the pixels to cause the light emitting element to emit light in
accordance with the luminance signal and the display device
to display an image. The pixels each include at least a first
sub pixel that emits light of a first color, a second sub pixel
that emits light of a second color, and a third sub pixel that
emits light of a third color. The first correction data and the
second correction data respectively include at least first
color correction data for correcting a luminance of the first
sub pixel, second color correction data for correcting a
luminance of the second sub pixel, and third color correction
data for correcting a luminance of the third sub pixel. In the
transforming, the first correction data is transformed such
that a data reduction amount of the second color correction
data is greater than a data reduction amount of the first color
correction data.

[0013] Moreover, according to one aspect of the present
invention, a display device including a matrix of pixels each
including a light emitting element that emits light in accor-
dance with a luminance signal, includes: a transform unit
configured to transform first correction data for correcting
the luminance signal into second correction data smaller in
data size than the first correction data, the first correction
data including correction data components corresponding to
the pixels; and a correcting unit configured to correct the
luminance signal using the second correction data. The
pixels each include at least a first sub pixel that emits light
of a first color, a second sub pixel that emits light of a second
color, and a third sub pixel that emits light of a third color.
The first correction data and the second correction data
respectively include at least first color correction data for
correcting a luminance of the first sub pixel, second color
correction data for correcting a luminance of the second sub
pixel, and third color correction data for correcting a lumi-
nance of the third sub pixel. The transform unit is configured
to transform the first correction data such that a data reduc-
tion amount of the second color correction data is greater
than a data reduction amount of the first color correction
data.

Advantageous Effects

[0014] With a display device, a display device correction
method, a display device manufacturing method, and a
display device display method according to the present
disclosure, a luminance signal is corrected using second
correction data smaller in data size than first correction data,
and thus correction data size can be reduced.

Feb. 15,2018

BRIEF DESCRIPTION OF DRAWINGS

[0015] These and other objects, advantages and features of
the disclosure will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
present disclosure.

[0016] FIG. 1 is a block diagram illustrating a configura-
tion of the display device according to Embodiment 1.
[0017] FIG. 2 illustrates the connectivity between one
example of a circuit configuration of a sub pixel according
to Embodiment 1 and surrounding circuits.

[0018] FIG. 3 is a block diagram illustrating a configura-
tion of the controller included in the display device accord-
ing to Embodiment 1.

[0019] FIG. 4 is a block diagram illustrating a configura-
tion of a controller included in a conventional display
device.

[0020] FIG. 5 illustrates a comparison of correction pro-
cesses and the results thereof between the display device
according to Embodiment 1 and a conventional display
device.

[0021] FIG. 6 is an operational flow chart illustrating the
correction method used by the display device according to
Embodiment 1.

[0022] FIG. 7is a block diagram of a measurement system
for obtaining the first correction data.

[0023] FIG. 8 is a block diagram illustrating the configu-
ration of an information processing device for obtaining the
second correction data in a manufacturing step according to
Embodiment 2.

[0024] FIG. 9 is an operational flow chart illustrating the
manufacturing method for the display device according to
Embodiment 2.

[0025] FIG. 10 is a block diagram illustrating a configu-
ration of the controller that causes the display device to
display an image using the second correction data according
to Embodiment 3.

[0026] FIG. 11 is an operational flow chart illustrating the
display method for the display device according to Embodi-
ment 3.

[0027] FIG. 12 is a block diagram illustrating a configu-
ration of the display device according to Embodiment 4.
[0028] FIG. 13 is a block diagram illustrating a configu-
ration of the controller included in the display device
according to Embodiment 4.

[0029] FIG. 14 illustrates a comparison of correction pro-
cesses and the results thereof between the display device
according to Embodiment 4 and a conventional display
device.

[0030] FIG. 15 illustrates a detailed example of the first
correction data, the correction data being error diffused, the
second correction data, and the second correction data
(decompressed second correction data) according to
Embodiment 4.

[0031] FIG. 16 is an operational flow chart illustrating the
correction method used by the display device according to
Embodiment 4.

[0032] FIG. 17 is a block diagram illustrating the configu-
ration of an information processing device for obtaining the
second correction data in a manufacturing step according to
Embodiment 5.

[0033] FIG. 18 is an operational flow chart illustrating the
manufacturing method for the display device according to
Embodiment 5.
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[0034] FIG. 19 is a block diagram illustrating a configu-
ration of the controller that causes the display device to
display an image using the second correction data according
to Embodiment 6.

[0035] FIG. 20 is an operational flow chart illustrating the
display method for the display device according to Embodi-
ment 6.

[0036] FIG. 21 is an external view of a tablet terminal
internally equipped with the display device according to any
one of Embodiments 1 to 6.

DESCRIPTION OF EMBODIMENTS

[0037] Hereinafter, exemplary embodiments of the display
device and the display device correction method will be
described in detail with reference to the drawings. Note that
each of the exemplary embodiments described below rep-
resents a preferred, specific example of the present disclo-
sure. The numerical values, shapes, materials, elements, the
arrangement and connection of the elements, steps, the
processing order of the steps, etc. shown in the following
exemplary embodiments are mere examples, and therefore
do not limit the scope of the present disclosure, which is
defined by the appended claims. Thus, among the elements
in the following exemplary embodiments, those not recited
in any one of the independent claims which indicate the
broadest inventive concepts are described as optional ele-
ments.

[0038] Note that the figures are schematic diagrams and
are not necessarily precise illustrations. Additionally, com-
ponents that are essentially the same share like reference
signs in the figures. Accordingly, overlapping explanations
thereof are omitted or simplified.

Embodiment 1

(1.1 Display Device Configuration)

[0039] FIG. 1 is a block diagram illustrating a configura-
tion of the display device 1 according to Embodiment 1. The
display device 1 illustrated n FIG. 1 includes a controller 10,
a data line driver circuit 20, a scan line driver circuit 30, and
a display 40. The controller 10 includes memory 11. Note
that the memory 11 may be included in the display device 1,
external from the controller 10.

[0040] The controller 10 controls the memory 11, the data
line driver circuit 20, and the scan line driver circuit 30. For
example, after manufacturing of the display device 1 is
complete, processed correction data (second correction data;
to be described later) is stored in the memory 11.

[0041] When the display is operating, the controller 10
reads the second correction data written to the memory 11,
and based on the second correction data, corrects a video
signal (luminance signal) input from an external source and
outputs the corrected signal to the data line driver circuit 20.
[0042] Moreover, when, for example, unprocessed correc-
tion data (first correction data; to be described later) is
generated during manufacturing, the controller 10, for
example, communicates with an external information pro-
cessing device, and drives the data line driver circuit 20 and
the scan line driver circuit 30 in accordance with instruction
from the information processing device.

[0043] For example, the controller 10 applies a transform
to unprocessed correction data (first correction data) during
manufacturing to generate processed (transformed) correc-

Feb. 15,2018

tion data (second correction data), and stores the processed
correction data in the memory 11.

[0044] The display 40 includes pixels arranged in a
matrix, and displays an image based on a video signal
(luminance signal) input from an external source to display
device 1.

[0045] Each pixel includes three sub pixels 400 that each
emit a different color corresponding to one of the three
primary colors of light. Here, each pixel is exemplified as
including a red sub pixel that emits red light, a green sub
pixel that emits green light, and a blue sub pixel that emits
blue light.

[0046] FIG. 2 illustrates the connectivity between one
example of a circuit configuration of a sub pixel 400
according to Embodiment 1 and surrounding circuits. The
sub pixel 400 in FIG. 2 includes a scan line 412, a data line
411, a power line 421, a selection transistor 403, a driver
transistor 402, an organic EL element 401, a holding capaci-
tor 404, and a common electrode 422. The surrounding
circuits include the data line driver circuit 20 and the scan
line driver circuit 30.

[0047] The scan line driver circuit 30 is connected to the
scan line 412, and controls the conductivity of the selection
transistor 403 in the sub pixel 400.

[0048] The data line driver circuit 20 is connected to the
data line 411, and has a function of outputting data voltage,
which is a luminance signal corrected using the second
correction data, and determining the signal current that flows
to driver transistor 402.

[0049] The selection transistor 403 has a gate terminal
connected to the scan line 412, and controls the timing at
which the data voltage from the data line 411 is supplied to
the gate terminal of the driver transistor 402.

[0050] The driver transistor 402 has a gate terminal con-
nected to the data line 411 via the selection transistor 403,
a source terminal connected to an anode terminal of the
organic EL element 401, and a drain terminal connected to
the power line 421. With this, the driver transistor 402
transforms the data voltage supplied to its gate terminal into
a signal current corresponding to the data voltage, and
supplies the transformed signal current to the organic EL
element 401.

[0051] The organic EL element 401 functions as a light
emitting element, and the cathode of the organic EL element
401 is connected to the common electrode 422.

[0052] Here, a red filter is formed on the red sub pixel
included in the organic EL element 401, a green filter is
formed on the green sub pixel included in the organic EL
element 401, and a blue filter is formed on the blue sub pixel
included in the organic EL element 401.

[0053] The holding capacitor 404 is connected between
the power line 421 and the gate terminal of the driver
transistor 402. The holding capacitor 404, for example,
maintains the previous gate voltage even after the selection
transistor 403 turns OFF, whereby the drive current can be
continuously supplied from the driver transistor 402 to the
organic EL element 401.

[0054] Although not illustrated in FIG. 1 or FIG. 2, note
that the power line 421 is connected to a power source. The
common electrode 422 is also connected to a power source.
[0055] The data voltage supplied from the data line driver
circuit 20 is applied to the gate terminal of the driver
transistor 402 via the selection transistor 403. The driver
transistor 402 passes current in accordance with the data
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voltage across the source and drain terminals. The current
flows to the organic EL element 401, causing the organic EL
element 401 to emit light of a luminance corresponding to
the current.

[0056] Note that in the configuration of the circuit of the
sub pixel 400 illustrated in FIG. 2, other circuit components
or lines may be inserted along the paths connecting the
circuit components.

(1.2 Controller Configuration)

[0057] FIG. 3 is a block diagram illustrating a configura-
tion of the controller 10 included in the display device 1
according to Embodiment 1. The controller 10 illustrated in
FIG. 3 includes the memory 11, a transform unit 12, and a
correction unit 13.

[0058] The transform unit 12 transforms unprocessed cor-
rection data (first correction data) into second correction
data smaller in data size than the first correction data.
[0059] The correction unit 13 uses the second correction
data to correct the luminance signal. The luminance signal is
an electric signal for causing light emitting elements in
pixels to emit light, and is applied to the pixels. More
specifically, in this embodiment, the luminance signal is data
voltage applied from the data line driver circuit 20 to the
gate of the driver transistor 402 in order to cause the organic
EL element 401 included in the sub pixel 400 to emit light.
[0060] Next, unprocessed correction data (first correction
data) will be described. For example, the first correction data
is data for reducing luminance unevenness when the sub
pixels 400 in the display 40 emit light based on a video
signal transmitted from an external source to the display
device 1. More specifically, for example, the correction data
includes two correction parameters corresponding to a sub
pixel 400: a gain correction value and an offset correction
value. Note that the correction data need not correspond to
a sub pixel 400, and may correspond to a group of neigh-
boring sub pixels.

[0061] FIG. 4 is a block diagram illustrating a configura-
tion of a controller 500 included in a conventional display
device. The controller 500 illustrated in FIG. 4 includes
memory 512 and a luminance signal correction unit 531. In
this conventional display device, the controller 500 stores
the first correction data in the memory 512 in advance.
Moreover, the controller 500 transforms a video signal to
generate a luminance signal (pre-correction luminance sig-
nal) per sub pixel. The luminance signal correction unit 531
reads the first correction data from the memory 512, mul-
tiplies (or divides) the gain correction value and adds (or
subtracts) the offset correction value of the first correction
data with the pre-correction luminance signal to correct the
pre-correction luminance signal. The controller 500 outputs
the corrected luminance signal to a line driver circuit at a
predetermined timing. This is how luminance unevenness is
reduced in the display.

[0062] A problem with this conventional display device is
that the size of the correction data to be stored in the memory
512 increases with an increase in the resolution of the
display, and the data transfer rate of, for example, the
luminance signal increases. In particular, with compact,
high-definition tablet devices, which are in high demand,
usage of large capacity memories is problematic, and leads
to an increase in cost.

[0063] In contrast, with the display device 1 according to
this embodiment, the luminance signal is not corrected by
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the first correction data (unprocessed correction data), but
rather by processed correction data (second correction data)
obtained by processing the unprocessed correction data (first
correction data) so as to reduce its data size. Hereinafter, the
configuration of the display device 1 according to this
embodiment for generating the second correction data from
the first correction data will be described.

[0064] The transform unit 12 includes a frequency trans-
form unit 121 and a frequency component extraction unit
122.

[0065] The frequency transform unit 121 deconstructs the
first correction data represented in spatial components into
frequency components. Here, the first correction data
includes red correction data for correcting the luminance of
red sub pixels, green correction data for correcting the
luminance of green sub pixels, and blue correction data for
correcting the luminance of blue sub pixels. As such, the
frequency transform unit 121 deconstructs the red correction
data, green correction data, and blue correction data
included in the first correction data into frequency compo-
nents.

[0066] For example, a Fourier transform, in particular a
discrete cosine transform is used to transform the data
components of the first correction data from spatial compo-
nents to frequency components. Using a discrete cosine
transform makes it possible to efficiently remove specific
frequency components in the frequency component extrac-
tion unit 122 down the line.

[0067] The frequency component extraction unit 122
removes predetermined high frequency components from
the correction data transformed into frequency components
by the frequency transform unit 121. Here, for each of the
red correction data, the green correction data, and the blue
correction data, the removal of high frequency components
is performed by the frequency component extraction unit
122 such that more high frequency components are removed
for colors having a lower luminosity factor. This method of
removing high frequency components is performed based on
the attribute that humans comparatively recognize changes
in luminance of colors having a relatively lower luminosity
factor less than changes in luminance of colors having a
relatively higher luminosity factor. Typically, the luminosity
factor for blue light is less than the luminosity factor for red
light, and the luminosity factor for red light is less than the
luminosity factor for green light. Accordingly, the frequency
component extraction unit 122 removes the high frequency
components such that the cutoff’ frequency for the blue
correction data high frequency components is lower than the
cutoff’ frequency for the red correction data, and the cutoff
frequency for the red correction data high frequency com-
ponents is lower than the cutoff frequency for the green
correction data. As a result of the frequency component
extraction unit 122 removing only the high frequency com-
ponents from the frequency components included in the
correction data, correction data components that correct
variations in luminance in units of one sub pixel to a
plurality of sub pixels can be omitted. In this case, the
frequency component extraction unit 122 includes the func-
tion of a low pass filter (a filter that removes signals of high
frequencies), thereby making it possible to generate second
correction data removed of only high frequency compo-
nents.

[0068] The memory 11 stores the second correction data
generated by the transform unit 12 applying a transform to
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the first correction data. Since the second correction data is
generated by removing frequency components higher than a
predetermined frequency from the first correction data, the
second correction data is smaller in data size than the first
correction data. This results in the advantageous effect that
the capacity of the memory 11 that stores the second
correction data reduced in data size by the transform unit 12
can be reduced when the resolution of the display 40 is
increased. Since there is no need to have an excessively large
capacity and long lifespan for the storage medium, for
example, non-volatile memory, such as flash memory, can be
used as the memory 11.

[0069] The correction unit 13 includes a spatial compo-
nent inverse transform unit 132 and a luminance signal
correction unit 131.

[0070] The spatial component inverse transform unit 132
includes, for example, first memory that is volatile, such as
DRAM, and an operation circuit. The spatial component
inverse transform unit 132 reads second correction param-
eters from the memory 11 and temporarily stores them in the
first memory. The operation circuit then applies an inverse
transform to the second correction data represented in fre-
quency components to yield spatial components.

[0071] The luminance signal correction unit 131 corrects
the luminance signal corresponding to a sub pixel 400 using
the second correction data represented in spatial components
generated by the spatial component inverse transform unit
132. Hereinafter, one example of the processes for correct-
ing the luminance signal in the luminance signal correction
unit 131 will be given.

[0072] The luminance signal correction unit 131 multi-
plies (or divides) data voltage corresponding to the pre-
correction luminance signal by the gain correction value
among the second correction parameters represented in
spatial components, and adds (or subtracts) the offset cor-
rection value among the second correction parameters to (or
from) the multiplication value, and outputs the result to the
data line driver circuit 20. This makes it possible to maintain
the precision of the luminance correction and reduce the
correction data size.

[0073] Note that in the display device 1 according to this
embodiment, the transform unit 12 corresponds to an encod-
ing processor that applies a frequency transform to correc-
tion data and removes predetermined high frequency com-
ponents, and the correction unit 13 corresponds to a
decoding processor that inverse transforms (restores) the
correction data to spatial components. The transform unit 12
and the correction unit 13 may be realized as integrated
circuits (IC) by large scale integration (LSI). Moreover, the
method of integration may be a dedicated circuit or a generic
processor. A Field Programmable Gate Array (FPGA) or a
reconfigurable processor that allows reconfiguration of the
connection or configuration of the inner circuit cells of the
LSI circuit can be used for the same purpose. Further, if
integrated circuit technology that replaces LSI is newly
created from advances in or derivations of semiconductor
technology, integration of functional blocks using such
technology may also be used. Moreover, the transform unit
12 and the correction unit 13 may be realized as a program
that executes the above-described encoding and decoding
processing, and may be realized as a computer-readable
non-transitory recording medium storing such a program.
Examples of the computer-readable non-transitory recording
medium include flexible disk, hard disk, CD-ROM, MO,
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DVD, DVD-ROM, DVD-RAM, Blu-Ray™ (BR) disc, and
semiconductor memory. It goes without saying that such a
program can be distributed via a recordable medium such as
a CD-ROM or over a transmission medium such as the
internet.

[0074] FIG. 5 illustrates a comparison of correction pro-
cesses and the results thereof between the display device 1
according to Embodiment 1 and a conventional display
device. The display image on the left in FIG. 14 is one
example of an image displayed by the display when a
pre-correction luminance signal is used when causing the
entire display to emit a uniform luminance. In contrast, the
display image in the top right region of FIG. 5 is an image
displayed by the display when a luminance signal is cor-
rected by the controller 10 of the display device 1 according
to this embodiment. The display image in the bottom right
region of FIG. 5 is an image displayed by the display when
a luminance signal is corrected by the controller 500 accord-
ing to the conventional display device.

[0075] The displayed display image based on the lumi-
nance signal corrected by the controller 10 according to this
embodiment and the displayed display image based on the
luminance signal corrected by the conventional controller
500 both exhibit greatly reduced luminance unevenness
compared to the display image based on the pre-correction
luminance signal. However, the frequency components of
the correction data (illustrated along the long and short sides
of the display images in FIG. 5) for the display image
corrected by the controller 10 according to this embodiment
and the frequency components of the correction data for the
display image corrected by the conventional controller 500
are different. In other words, the second correction data
processed by the controller 10 according to this embodiment
is smaller in data size than the first correction data used by
the conventional controller 500 by the amount of high
frequency components removed. Thus, with the display
device 1 according to this embodiment, even if the number
of pixels in the display is increased, the precision of the
luminance correction can be maintained and the correction
data size can be reduced.

(1.3 Display Device Correction Method)

[0076] Next, the correction method performed by the
display device 1 according to this embodiment will be
described.

[0077] FIG. 6 is an operational flow chart illustrating the
correction method performed by the display device 1
according to Embodiment 1. FIG. 6 illustrates steps up to the
correction of the luminance signal using the second correc-
tion data by the controller 10 included in the display device
1. Hereinafter, the correction steps will be described with
reference to FIG. 6.

[0078] First, the controller 10 obtains, in advance, the first
correction data (unprocessed correction data) for correcting
the luminance signal for causing the organic EL elements
401 to emit light at a predetermined luminance (S10; obtain-
ing step). As previously described, the first correction data
(unprocessed correction data) includes, for example, two
correction parameters: a gain correction value and an offset
correction value, which correspond to a sub pixel 400.
[0079] Next, an example of the method of obtaining the
first correction parameters will be given.

[0080] FIG. 7is a block diagram of a measurement system
for obtaining the first correction data. The measurement
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system illustrated in FIG. 7 includes an information pro-
cessing device 2, an imaging device 3, the display 40, and
the controller 10.

[0081] The information processing device 2 includes a
computing unit 201, storage 202, and a communication unit
203, and has a function of controlling the steps performed up
until the generation of the first correction parameters. For
example, a personal computer is used as the information
processing device 2.

[0082] Based on a control signal from the communication
unit 203, the imaging device 3 images the display 40 and
outputs the imaged Image data to the communication unit
203. For example, a CCD camera or luminance meter is used
as the imaging device 3.

[0083] The information processing device 2 outputs a
control signal to the controller 10 and the imaging device 3
in the display device 1 to the communication unit 203,
obtains measurement data from the controller 10 and the
imaging device 3 and stores the measurement data in the
storage 202, and calculates, using the computing unit 201,
various characteristic values and parameters based on the
stored measurement data. Note that a control circuit not
included in the display device 1 may be used as the con-
troller 10.

[0084] More specifically, the information processing
device 2 may control the voltage value to be applied to a
measurement sub pixel. The controller 10 applies the voltage
value to the measurement sub pixel to cause the measure-
ment sub pixel to emit light. The imaging device 3 measures
the luminance value of the measurement sub pixel emitting
light. The information processing device 2 receives the
voltage value and the measured luminance value. The infor-
mation processing device 2 changes the voltage value to be
applied to a measurement sub pixel and performs the control
again to receive a different voltage value and a measured
luminance value corresponding to the different voltage
value. As a result of the information processing device 2
repeating these processes, the computing unit 201 calculates
voltage-luminance characteristics for each measurement sub
pixel, and compares these voltage-luminance characteristics
against a reference voltage-luminance characteristic to cal-
culate correction parameters (a gain correction value and an
offset correction value) for each measurement sub pixel.

[0085] The controller 10 receives, as the first correction
data via the communication unit 203, the above-described
correction parameters calculated by the computing unit 201.

[0086] With the steps described above, the controller 10
obtains, in advance, the first correction data for correcting a
luminance signal.

[0087] Next, the controller 10 deconstructs the first cor-
rection data of spatial components into frequency compo-
nents (S20).

[0088] Next, the controller 10 transforms the first correc-
tion data into the second correction data removed of prede-
termined high frequency components (S30). Here, the con-
troller 10 transforms the first correction data into the second
correction data by removing high frequency components
such that the cutoff frequency for the high frequency com-
ponents in the blue correction data is lower than the cutoff
frequency for the high frequency components in the red
correction data, and the cutoff frequency for the high fre-
quency components in the red correction data is lower than
the cutoff frequency for the high frequency components in

Feb. 15,2018

the green correction data. Steps S20 and S30 are transfor-
mation steps performed by the transform unit 12 of the
controller 10.

[0089] Next, the controller 10 stores, in advance, the
second correction data in the memory 11 included in the
display device 1 (S40; storing step).

[0090] Next, the controller 10 reads the second correction
data from the memory 11 and inverse transforms the fre-
quency components to spatial components (S50).

[0091] Next, the controller 10 corrects the luminance
signal using the second correction data of spatial compo-
nents (S60; correction step).

[0092] With the above-described correction method per-
formed by the display device 1 according to this embodi-
ment, the luminance signal is not corrected by the first
correction data (unprocessed correction data), but rather by
the second correction data removed of predetermined high
frequency components. Moreover, the memory 11 stores the
second correction data generated as a result of the first
correction data being transformed. The second correction
data is generated by removing predetermined high frequency
components from the first correction data, and is therefore
smaller in data size than the first correction data. This yields
an advantageous effect in which the capacity of the memory
11 that stores the smaller second correction data can be
reduced in accordance with an increase in the resolution of
the display 40. This therefore makes it possible to maintain
the luminance correction precision and reduce correction
data size.

[0093] Note that in step S20, the controller 10 may apply
a discrete cosine transform to the first correction data of
spatial components to remove the high frequency compo-
nents. This makes it possible to efficiently remove only
specific frequency components in the subsequent step S30.

Embodiment 2

[0094] In Embodiment 1, a correction method performed
by the display device 1 in which the first correction data is
obtained, the second correction data is generated from the
first correction data, and the luminance signal is corrected
using the second correction data was described. In contrast,
in this embodiment, a manufacturing method for the display
device 1 in which the second correction data is generated
from the first correction data and the second correction data
is stored in the memory 11 of the display device 1 will be
described. In other words, the manufacturing method for the
display device 1 according to this embodiment differs from
the correction method performed by the display device 1
according to Embodiment 1, which includes steps up to the
correction of the luminance signal using the second correc-
tion data, in that it includes steps up to the storing of the
second correction data into the memory 11. In the following
description, configurations that are the same as in display
device 1 according to Embodiment 1 and the correction
method performed thereby will be omitted. The description
will focus on the points of difference.

(2.1 Information Processing Device Configuration in
Manufacturing Steps)

[0095] FIG. 8 is a block diagram illustrating the configu-
ration of an information processing device 2A for obtaining
the second correction data in a manufacturing step. The
information processing device 2A illustrated in FIG. 8 is a
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device used in a manufacturing step for the display device 1,
and includes a transform unit 12A.

[0096] The transform unit 12A includes a frequency trans-
form unit 121A and a frequency component extraction unit
122A, and deconstructs the unprocessed correction data
(first correction data) into frequency components, and trans-
forms the first correction data deconstructed into frequency
components into second correction data removed of prede-
termined high frequency components.

[0097] The frequency transform unit 121A deconstructs
the first correction data of spatial components into frequency
components.

[0098] The frequency component extraction unit 122A
removes, from the correction data transformed into fre-
quency components by the frequency transform unit 121A,
predetermined high frequency components. Here, the fre-
quency component extraction unit 122A removes the high
frequency components from the red correction data, the
green correction data, and the blue correction data such that
more high frequency components are removed for colors
having a lower luminosity factor. This method of removing
high frequency components is performed based on the
attribute that humans comparatively recognize changes in
luminance of colors having a relatively lower luminosity
factor less than changes in luminance of colors having a
relatively higher luminosity factor. Typically, the luminosity
factor of blue is lower than the luminosity factor of red, and
the luminosity factor of red is lower than the luminosity
factor of green. Accordingly, the frequency component
extraction unit 122A removes high frequency components
such that the cutoff frequency for the high frequency com-
ponents in the blue correction data is lower than the cutoff
frequency for the high frequency components in the red
correction data, and the cutoff’ frequency for the high fre-
quency components in the red correction data is lower than
the cutoff frequency for the high frequency components in
the green correction data. As a result of the frequency
component extraction unit 122A removing only the high
frequency components from the frequency components
included in the correction data, correction data components
that correct variations in luminance in units of one sub pixel
to a plurality of sub pixels can be omitted. In this case, the
frequency component extraction unit 122A includes the
function of a low pass filter (a filter that removes signals of
high frequencies), thereby making it possible to generate
second correction data removed of only high frequency
components.

[0099] Note that the first correction data may be obtained
by the information processing device 2 according to
Embodiment 1 illustrated in FIG. 7. Here, the information
processing device 2 according to Embodiment 1 and the
information processing device 2A according to this embodi-
ment may be a single device that includes both functions. In
other words, the information processing device 2A accord-
ing to this embodiment may include, in addition to the
transform unit 12A, the computing unit 201, the storage 202,
and the communication unit 203. Moreover, the first cor-
rection data may be applied in advance to the information
processing device 2A.

(2.2 Display Device Manufacturing Method)

[0100] FIG. 9 is an operational flow chart illustrating the
manufacturing method for the display device 1 according to
Embodiment 2. In FIG. 9, steps from the forming of the
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display panel included in the display device 1 to the storing
of the second correction data in the memory are illustrated.
Hereinafter, the manufacturing steps will be described with
reference to FIG. 9.

[0101] First, the display panel included in the display
device 1 is formed (S100; forming step). Hereinafter, an
example of a display panel forming step will be given. For
example, a planarizing film made of an organic, electrically
insulating material, is formed on a substrate including circuit
components such as a TFT, and then an anode is formed on
the planarizing film. Next, for example, a hole-injection
layer is formed on the anode. Next, a light emitting layer is
formed on the hole-injection layer. Next, an electron-injec-
tion layer is formed on the light emitting layer. Next, a
cathode is formed on the substrate on which the electron-
injection layer is formed. With these steps, an organic EL
element having the function of a light emitting element is
formed. Furthermore, a thin film sealing layer is formed on
the cathode. Next, a sealant resin layer is formed on the
surface of the thin film sealing layer. Then, a color filter is
formed on the applied sealant resin layer. Next, an adhesive
layer and a transparent substrate are arranged on the color
filter. Note that the thing film sealing layer, the sealant resin
layer, the adhesive layer, and the transparent substrate col-
lectively correspond to the protective layer. Lastly, the
sealant resin layer is hardened by compressing the transpar-
ent substrate from the top surface downward and applying
heat or by applying an energy line, and the transparent
substrate, the adhesive layer, the color filter, and the thin film
sealing layer are adhered together. The display panel is
formed by these forming steps.

[0102] Next, the information processing device 2A
obtains, in advance, the first correction data (unprocessed
correction data) for correcting the luminance signal for
causing the organic ELL elements 401 to emit light at a
predetermined luminance (S110; obtaining step). As previ-
ously described, the first correction data (unprocessed cor-
rection data) includes, for example, two correction param-
eters: a gain correction value and an offset correction value,
which correspond to a sub pixel 400. The first correction
parameters may be obtained by the information processing
device 2 according to Embodiment 1 illustrated in FIG. 7,
and, alternatively, may be obtained by using the first cor-
rection parameters from a display panel manufactured in the
same batch, for example.

[0103] Next, the information processing device 2A decon-
structs the first correction data of spatial components into
frequency components (S120).

[0104] Next, the information processing device 2A trans-
forms the first correction data into the second correction data
removed of predetermined high frequency components
(8130). Here, the information processing device 2A trans-
forms the first correction data to the second correction data
by removing high frequency components such that the cutoff
frequency for the high frequency components in the blue
correction data is lower than the cutoff frequency for the
high frequency components in the red correction data, and
the cutoff frequency for the high frequency components in
the red correction data is lower than the cutoff frequency for
the high frequency components in the green correction data.
Steps S120 and S130 are transformation steps performed by
the transform unit 12A of the information processing device
2A.
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[0105] Next, the information processing device 2A stores
the second correction data in the memory 11 included in the
display device 1 (S140; storing step).

[0106] With the above-described manufacturing method
for the display device 1 according to this embodiment, the
first correction data (unprocessed correction data) is not
stored in the memory 11, but rather the second correction
data removed of the predetermined high frequency compo-
nents is stored in the memory 11. The second correction data
is generated by removing predetermined high frequency
components from the first correction data, and is therefore
smaller in data size than the first correction data. This yields
an advantageous effect in which the capacity of the memory
11 that stores the smaller second correction data can be
reduced in accordance with an increase in the resolution of
the display 40. This therefore makes it possible to maintain
the luminance correction precision and reduce correction
data size.

[0107] Note that in step S120, the information processing
device 2A may apply a discrete cosine transform to the first
correction data of spatial components to remove the high
frequency components. This makes it possible to efficiently
remove only specific frequency components in the subse-
quent step S130.

[0108] Moreover, the information processing device 2A
may include therein the controller 10 that is included in the
display device 1, and in a manufacturing process, the
controller 10 may obtain the second correction data and
store the second correction data in the memory 11.

Embodiment 3

[0109] In Embodiment 1, a correction method performed
by the display device 1 in which the first correction data is
obtained, the second correction data is generated from the
first correction data, and the luminance signal is corrected
using the second correction data was described. In contrast,
in this embodiment, a display method for the display device
1 including reading the second correction data, correcting
the luminance signal using the second correction data, and
displaying an image based on the corrected luminance signal
will be described. In other words, the manufacturing method
for the display device 1 according to this embodiment differs
from the manufacturing method for the display device 1
according to Embodiment 2, which includes steps up to the
storing of the second correction data into the memory 11, in
that it includes steps from the reading of the stored second
correction data to the displaying of a pixel. In the following
description, configurations that are the same as in display
device 1 according to Embodiment 1 and the correction
method performed thereby will be omitted. The description
will focus on the points of difference.

(3.1 Controller Configuration)

[0110] FIG. 10 is a block diagram illustrating a configu-
ration of the controller 10 that causes the display device 1 to
display an image using the second correction data. The
controller 10 illustrated in FIG. 10 includes the memory 11
and the correction unit 13.

[0111] The correction unit 13 uses the second correction
data to correct the luminance signal. The luminance signal is
an electric signal for causing light emitting elements in
pixels to emit light, and is applied to the pixels. More
specifically, in this embodiment, the luminance signal is data
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voltage applied from the data line driver circuit 20 to the
gate of the driver transistor 402 in order to cause the organic
EL element 401 included in the sub pixel 400 to emit light.
[0112] Here, with the display method according to this
embodiment, the luminance signal is not corrected by the
above-described first correction data (unprocessed correc-
tion data), but rather by processed correction data (second
correction data) obtained by processing the unprocessed
correction data (first correction data) so as to reduce its data
size. The second correction data is generated by removing
predetermined high frequency components from the first
correction data, and is therefore smaller in data size than the
first correction data.

[0113] This yields an advantageous effect in which the
capacity of the memory 11 that stores the second correction
data, which is smaller in data size than the first correction
data, can be reduced in accordance with an increase in the
resolution of the display 40. Since there is no need to have
an excessively large capacity and long lifespan for the
storage medium, for example, non-volatile memory, such as
flash memory, can be used as the memory 11.

[0114] The correction unit 13 includes the spatial compo-
nent inverse transform unit 132 and the luminance signal
correction unit 131.

[0115] The spatial component inverse transform unit 132
includes, for example, first memory that is volatile, such as
DRAM, and an operation circuit. The spatial component
inverse transform unit 132 reads second correction param-
eters from the memory 11 and temporarily stores them in the
first memory. The operation circuit then applies an inverse
transform to the second correction data represented in fre-
quency components to yield spatial components.

[0116] The luminance signal correction unit 131 corrects
the luminance signal corresponding to a sub pixel 400 using
the second correction data represented in spatial components
generated by the spatial component inverse transform unit
132. Hereinafter, one example of the processes for correct-
ing the luminance signal in the luminance signal correction
unit 131 will be given.

[0117] The luminance signal correction unit 131 multi-
plies (or divides) data voltage corresponding to the pre-
correction luminance signal by the gain correction value
among the second correction parameters represented in
spatial components, and adds (or subtracts) the offset cor-
rection value among the second correction parameters to (or
from) the multiplication value, and outputs the result to the
data line driver circuit 20. This makes it possible to maintain
the precision of the luminance correction and reduce the
correction data size.

(3.2 Display Device Display Method)

[0118] FIG. 11 is an operational flow chart illustrating the
display method for the display device 1 according to
Embodiment 3. FIG. 11 illustrates steps performed by the
controller 10 included in the display device 1, from reading
the second correction data to correcting the luminance signal
and displaying an image. Hereinafter, the correction steps
will be described with reference to FIG. 11.

[0119] First, the controller 10 reads the second correction
data from the memory 11 and inverse transforms the fre-
quency components to spatial components (S250).

[0120] Next, the controller 10 corrects the luminance
signal using the second correction data of spatial compo-
nents (S260; correction step).
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[0121] Lastly, the controller 10 supplies the luminance
signal corrected in the above corrected step to each sub pixel
400, and causes the display device 1 to display an image by
causing the organic EL elements 401 to emit light in
accordance with the luminance signal (S270; display step).
[0122] With the above-described display method for the
display device 1 according to this embodiment, the lumi-
nance signal is not corrected by the first correction data
(unprocessed correction data), but rather by the second
correction data removed of predetermined high frequency
components. Moreover, the memory 11 stores the second
correction data generated as a result of the first correction
data being transformed. The second correction data is gen-
erated by removing predetermined high frequency compo-
nents from the first correction data, and is therefore smaller
in data size than the first correction data. This yields an
advantageous effect in which the capacity of the memory 11
that stores the smaller second correction data can be reduced
in accordance with an increase in the resolution of the
display 40. This therefore makes it possible to maintain the
luminance correction precision and reduce correction data
size.

Embodiment 4

[0123] InEmbodiment 1, a configuration of display device
1 was described in which the first correction data is decon-
structed into frequency components and the first correction
data is transformed into the second correction data by
removing predetermined high frequency components from
the first correction data deconstructed into frequency com-
ponents. In contrast, in this embodiment, a configuration of
the display device will be described in which the sub pixel
correction data components included in the first correction
data are reconstructed by propagating error components of
the sub pixel correction data components included in the first
correction data to neighboring sub pixels and reducing the
bits of the reconstructed correction data components of the
first correction data to transform the first correction data into
the second correction data.

[0124] This display device has some functions that are
different from the display device 1 according to Embodi-
ment 1. Accordingly, the description here will focus on the
points of difference.

(4.1 Display Device Configuration)

[0125] FIG. 12 is a block diagram illustrating a configu-
ration of the display device § according to Embodiment 4.
[0126] As illustrated in FIG. 12, the display device 5
includes a controller 10B whereas the display device 1
according to Embodiment 1 includes the controller 10.

[0127] The controller 10B controls the memory 11, the
data line driver circuit 20, and the scan line driver circuit 30.
[0128] When the display is operating, the controller 10B
reads the second correction data written to the memory 11,
and based on the second correction data, corrects a video
signal (luminance signal) input from an external source and
outputs the corrected signal to the data line driver circuit 20.
[0129] Moreover, when, for example, unprocessed correc-
tion data (first correction data; to be described later) is
generated during manufacturing, the controller 10B, for
example, communicates with an external information pro-
cessing device, and drives the data line driver circuit 20 and
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the scan line driver circuit 30 in accordance with instruction
from the information processing device.

[0130] Moreover, for example, the controller 10B applies
a transform to unprocessed correction data (first correction
data) during manufacturing to generate processed (trans-
formed) correction data (second correction data), and stores
the processed correction data in the memory 11.

(4.2 Controller Configuration)

[0131] FIG. 13 is a block diagram illustrating a configu-
ration of the controller 10B included in the display device 5
according to Embodiment 4.

[0132] As illustrated in FIG. 13, the controller 10B
includes a transform unit 12B and a correction unit 13B
whereas the controller 10 according to Embodiment 1
includes the transform unit 12 and the correction unit 13.
[0133] The transform unit 12B transforms unprocessed
correction data (first correction data) into second correction
data smaller in data size than the first correction data.
[0134] The correction unit 13B uses the second correction
data to correct the luminance signal. The luminance signal is
an electric signal for causing light emitting elements in
pixels to emit light, and is applied to the pixels. More
specifically, in this embodiment, the luminance signal is data
voltage applied from the data line driver circuit 20 to the
gate of the driver transistor 402 in order to cause the organic
EL element 401 included in the sub pixel 400 to emit light.
[0135] The transform unit 12B includes a threshold deter-
mination unit 1121 and a bit reducer 1122.

[0136] The threshold determination unit 1121 determines
a threshold used when the bit reducer 1122 connected down
the line reduces bits based on a distribution of the correction
data components included in the first correction data. Here,
the first correction data includes red correction data for
correcting the luminance of red sub pixels, green correction
data for correcting the luminance of green sub pixels, and
blue correction data for correcting the luminance of blue sub
pixels. As such, the threshold determination unit 1121 deter-
mines a threshold for each of the red correction data, green
correction data, and blue correction data included in the first
correction data.

[0137] Based on the threshold determined by the threshold
determination unit 1121, the bit reducer 1122 quantizes the
sub pixel correction data components included in the first
correction data, propagates the resulting error components to
neighboring sub pixels to reconstruct the sub pixel correc-
tion data components included in the first correction data,
and reduces the bits of the reconstructed correction data
components of the first correction data to generate the
second correction data. More specifically, based on the
above threshold, the bit reducer 1122 transforms the first
correction data into the second correction data by: recon-
structing the correction data components corresponding to
first sub pixels (one of red sub pixels, green sub pixels, or
blue sub pixels) by, for each of the first sub pixels, propa-
gating an error component of the correction data component
corresponding to a current first sub pixel to a neighboring
first sub pixel, and reducing the reconstructed correction
data components corresponding to the first sub pixels by a
first number of bits; and reconstructing the correction data
components corresponding to second sub pixels (one of red
sub pixels, green sub pixels, or blue sub pixels, except for
the one that corresponds to the first sub pixels) by, for each
of the second sub pixels, propagating an error component of
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the correction data component corresponding to a current
second sub pixel to a neighboring second sub pixel, and
reducing the reconstructed correction data components cor-
responding to the second sub pixels by a second number of
bits greater than the first number of bits. Moreover, based on
the above-described threshold, the bit reducer 1122 may,
with respect to the first correction data, further reconstruct
correction data components corresponding to the third sub
pixels (one of the red sub pixels, green sub pixels, and blue
sub pixels that does not correspond to the first sub pixels or
the second sub pixels) by, for each of the third sub pixels,
propagating an error component of a correction data com-
ponent corresponding to a current third sub pixel to a
neighboring third sub pixel, and reducing the reconstructed
correction data components corresponding to the third sub
pixels by a third number of bits greater than the second
number of bits.

[0138] Here, the bit reducer 1122 reduces the bits of the
red correction data, the green correction data, and the blue
correction data such that more bits are reduced for colors
having lower luminosity factors. This method of bit reduc-
tion 1s performed based on the attribute that humans com-
paratively recognize changes in luminance of colors having
a relatively lower luminosity factor less than changes in
luminance of colors having a relatively higher luminosity
factor. Typically, the luminosity factor of blue is lower than
the luminosity factor of red, and the luminosity factor of red
is lower than the luminosity factor of green. Accordingly, the
bit reducer 1122 reduces the bits such that the more bits are
reduced for the blue correction data than for the red correc-
tion data, and more bits are reduced for the red correction
data than for the green correction data. In other words, the
bit reducer 1122 reduces the bits where the first sub pixel is
the green sub pixel, the second sub pixel is the red sub pixel,
and the third sub pixel is the blue sub pixel.

[0139] For example, an error diffusion method is used as
the quantization method of propagating the error compo-
nents of the sub pixel correction data components included
in the first correction data to neighboring sub pixels to
reconstruct the sub pixel correction data components
included in the first correction data. Other examples of the
quantization method include representative dithering meth-
ods, such as random dithering and pattern dithering. Using
an error diffusing method for the processes performed by bit
reducer 1122 makes it possible to maintain the correction
precision of the luminance signal.

[0140] The correction unit 13B differs from the correction
unit 13 according to Embodiment 1 in that it includes a data
decompression unit 1132 instead of the spatial component
inverse transform unit 132.

[0141] The data decompression unit 1132 includes, for
example, first memory that is volatile, such as DRAM, and
an operation circuit. The data decompression unit 1132 reads
the second correction data from the memory 11 and tempo-
rarily stores the second correction data in the first memory.
Here, second memory—exemplified as SRAM—provided
internal (or external) to the first memory stores at least one
of the threshold data determined by the threshold determi-
nation unit 1121 and discrete values into which the first
correction data is quantized. The operation circuit uses at
least one of the threshold data and the above-described
discrete values stored in the second memory to decompress
the second correction data stored in the first memory into
correction data (discrete values) having more bits than the
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second correction data stored in the memory 11. In other
words, the correction unit 13B uses at least one of the
above-described threshold data and discrete values to
decompress the second correction data into data having
more bits than the second correction data, and corrects the
luminance signal using correction data that is bit-com-
pressed relative to the first correction data. Note the data
decompression unit 1132 is not a necessary component of
the controller 10B according to this embodiment.

[0142] However, the higher the bit reduction factor of the
first correction data is in the bit reducer 1122, the lower the
correction precision of the second correction data is. Accord-
ingly, when the bit reduction factor is high, the controller
10B preferably includes the data decompression unit 1132.
[0143] Next, details regarding the processes performed by
the transform unit 12 will be described in detail with
reference to FIG. 14.

[0144] FIG. 14 illustrates a comparison of correction pro-
cesses and the results thereof between the display device 5
according to Embodiment 4 and a conventional display
device (see FIG. 4 relating to Embodiment 1). The display
image on the left in FIG. 14 is one example of an image
displayed by the display when a pre-correction luminance
signal is used when causing the entire display to emit a
uniform luminance. In contrast, the display image in the top
right region of FIG. 14 is an image displayed by the display
when a luminance signal is corrected by the controller 10B
of the display device 5 according to this embodiment. The
display image in the bottom right region of FIG. 14 is an
image displayed by the display when a luminance signal is
corrected by the controller 500 according to the conven-
tional display device.

[0145] Moreover, in FIG. 14, the display image corre-
sponding to the display device 5 according to this embodi-
ment is an image corrected using the second correction data
generated as a result of the error diffusion and bit reduction
processing by the transform unit 12B. The first correction
data illustrated in FIG. 14 is represented as, for example, a
matrix of gain correction values (correction data compo-
nents) each of which corresponds to a pixel. The first
correction data is error diffused with the display device 5
according to this embodiment. Hereinafter, the correction
data in the process of being error diffused in FIG. 14 will be
described. Note that for the purpose of illustration, in FIG.
14, the correction data being error diffused is represented as
a 4x4 matrix (rows and columns) of correction data com-
ponents. For example, the position of the upper-left-most
correction data component is represented as (1, 1), and the
position of the bottom-right-most correction data component
is represented as (4, 4).

[0146] A detailed example of the first correction data, the
correction data being error diffused, the second correction
data, and the second correction data (decompressed second
correction data) illustrated in FIG. 14 is given in FIG. 15.

[0147] The transform unit 12B uses an error diffusion
method employing a threshold on the first color correction
data (green correction data) for correcting the luminance of
the first sub pixel (green sub pixel), the second color
correction data (red correction data) for correcting the
luminance of the second sub pixel (red sub pixel), and the
third color correction data (blue correction data) for correct-
ing the luminance of the third sub pixel (blue sub pixel)
included in the first correction data to reduce the number of
bits of the first through third color correction data.
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[0148] Here, as illustrated in FIG. 15, in the correction
data being error diffused, each correction data component in
the blue correction data has 4 possible values (i.e., are
divisible into groups of 2 bits), each correction data com-
ponent in the red correction data has 8 possible values (i.e.,
are divisible into groups of 3 bits), and each correction data
component in the green correction data has 16 possible
values (i.e., are divisible into groups of 4 bits).

[0149] In other words, the threshold determination unit
1121 determines a threshold, round-up values, and round-
down values for the color correction data included the first
correction data such that the blue correction data compo-
nents are 2 bits giving 4 possible values, the red correction
data components are 3 bits giving 8 possible values, and the
green correction data components are 4 bits giving 16
possible values. Here, the round-up values and the round-
down values are the discrete values into which the first
correction data (more specifically, the correction data com-
ponents included therein) is (are) quantized. The bit reducer
1122 performs error diffusion on the color correction data
included in the first correction data using the threshold,
round-up values, and round-down values determined by the
threshold determination unit 1121, and generates correction
data being error diffused and the second correction data.
Here, the second correction data generated by the bit reducer
1122 includes 2 bit blue correction data, 3 bit red connection
data, and 4 bit green correction data. The bit reducer 1122
then stores the generated second correction data into
memory 11.

[0150] As described above, as a result of performing error
diffusion based on the threshold determined by the threshold
determination unit 1121, the bit reducer 1122 quantizes the
sub pixel correction data components ((1, 1) through (4, 4))
included in the first correction data, propagates the resulting
error compounents to neighboring sub pixels to reconstruct
the sub pixel correction data components included in the first
correction data, and reduces the bits of the reconstructed
correction data components of the first correction data to
generate the second correction data.

[0151] In the above example, the bit reducer 1122 reduces
the bits of the blue correction data included in the first
correction data to 2 bits, reduces the bits of the red correction
data included in the first correction data to 3 bits, and
reduces the bits of the green correction data included in the
first correction data to 4 bits to generate the second correc-
tion data.

[0152] Next, the data decompression unit 1132 reads the
second correction data and temporarily stores it in the first
memory, and using a threshold, decompresses the second
correction data into correction data (discrete values) having
more bits then the second correction data. In other words, the
data decompression unit 1132 decompresses the second
correction data using the threshold, round-up values, and
round-down values determined by the threshold determina-
tion unit 1121 to generate (reconstruct) the (decompressed)
second correction data—that is to say, the correction data in
the process of being error diffused.

[0153] Next, a detailed example will be given in which the
second correction data is 3-bit data, the thresholds are 0.910,
0.944, 0978, 1.012, 1.045, 1.079, and 1.113, the discrete
values into which the first correction data is quantized are
0.893 (“0™), 0.927 (*17), 0.961 (*27), 0.995 (“3™), 1.028
(“47),1.062 (*57), 1.096 (“6™), and 1.130 (“7). In this case,
the data decompression unit 1132 reads and temporarily
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stores the correction data components of the second correc-
tion data quantized into values of “0” through *“7” in the first
memory, and using only the seven thresholds listed above,
can decompress the correction data components of the
second correction data into correction data components
(discrete values) having more bits (4 or more bits) than the
second correction data. For example, when the correction
data component (1, 1) of the second correction data is “2”,
the decompressed correction data component (1, 1) is deter-
mined to be a discrete value that falls between the thresholds
0.944 and 0.978, and is calculated to be 0.961 (“27).
Moreover, when the correction data component (1, 2) of the
second correction data is “0”, the decompressed correction
data component (1, 2) is determined to be a discrete value
lower than the threshold 0.910, and is calculated to be 0.893
(“0”) by the following equation: 0.910-(0.944-0.910)/2
(i.e., half the threshold range is subtracted from 0.910).

[0154] Moreover, the data decompression unit 1132 reads
and temporarily stores the correction data components of the
second correction data quantized into values of “0” through
“7” in the first memory, and using only the seven discrete
values listed above, can decompress the correction data
components of the second correction data into correction
data components (discrete values) having more bits (4 or
more bits) than the second correction data. For example,
when the correction data component (1, 1) of the second
correction data is “1”, the decompressed correction data
component (1, 1) is calculated as the second largest 0.927
(“1”). Moreover, when the correction data component (1, 2)
of the second correction data is “5”, the decompressed
correction data component (1, 2) is calculated as the sixth
largest 1.062 (“5™).

[0155] Moreover, the data decompression unit 1132 reads
and temporarily stores the correction data components of the
second correction data quantized into values of “0” through
“7” in the first memory, and using only the highest and the
lowest of the seven discrete values listed above, can decom-
press the correction data components of the second correc-
tion data into correction data components (discrete values)
having more bits (4 or more bits) than the second correction
data. For example, the above-described seven discrete val-
ues can be calculated using the highest value, the lowest
value, and the number of bits of the second correction data
(3 bits). With this, for example, when the correction data
component (1, 1) of the second correction data is “1”, the
decompressed correction data component (1, 1) is calculated
as the second largest 0.927 (“1”). Moreover, when the
correction data component (1, 2) of the second correction
data is “5”, the decompressed correction data component (1,
2) is calculated as the sixth largest 1.062 (“5”). Note that
when the above-described seven discrete values are calcu-
lated using the highest value, the lowest value, and the
number of bits of the second correction data (3 bits), the
seven discrete values may be calculated so as to be spaced
equally, weighted, or randomly arrayed.

[0156] As shown by FIG. 14, the displayed display image
based on the luminance signal corrected by the controller
10B and the displayed display image based on the luminance
signal corrected by the conventional controller 500 both
exhibit greatly reduced luminance unevenness compared to
the display image based on the pre-correction luminance
signal. However, the display image corrected by the con-
troller 10B according to this embodiment and the display
image corrected by the conventional controller 500 are
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different in regard to the number of bits of the correction
data. In other words, the bit-reduced second correction data
processed by the controller 10B according to this embodi-
ment is smaller in data size than the first correction data used
by the conventional controller 500. Thus, with the display
device § according to this embodiment, even if the number
of pixels in the display is increased, the precision of the
luminance correction can be maintained and the correction
data size and data transfer rate can be reduced.

[0157] Note that in the display device 5 according to this
embodiment, the transform unit 12B and the correction unit
13B may be realized as integrated circuits (IC) by large scale
integration (LSI). Moreover, the method of integration may
be a dedicated circuit or a generic processor. A Field
Programmable Gate Array (FPGA) or a reconfigurable pro-
cessor that allows reconfiguration of the connection or
configuration of the inner circuit cells of the LSI circuit can
be used for the same purpose. Further, if integrated circuit
technology that replaces LSI is newly created from advances
in or derivations of semiconductor technology, Integration
of functional blocks using such technology may also be
used. Moreover, the transform unit 12B and the correction
unit 13B may be realized as a program that executes the
above-described encoding and decoding processing, and
may be realized as a computer-readable non-transitory
recording medium storing such a program. Examples of the
computer-readable non-transitory recording medium include
flexible disk, hard disk, CD-ROM, MO, DVD, DVD-ROM,
DVD-RAM, Blu-Ray™ (BR) disc, and semiconductor
memory. It goes without saying that such a program can be
distributed via a recordable medium such as a CD-ROM or
over a transmission medium such as the internet.

(4.3 Display Device Correction Method)

[0158] Next, the correction method performed by the
display device 5 according to this embodiment will be
described.

[0159] FIG. 16 is an operational flow chart illustrating the
correction method performed by the display device 5
according to Embodiment 4.

[0160] Hereinafter, the correction steps will be described
with reference to FIG. 16.

[0161] As illustrated in FIG. 16, the correction method
performed by the display device 5 differs from the correction
method performed by the display device 1 according to
Embodiment 1 (see FIG. 6) in that the step S10 is step S10B,
step S20 is step S20B, step S30 is step S30B, step S40 is step
S40B, step S50 is step S50B, and step S60 is step S60B.
[0162] Here, steps S10B, S40B, S60B are the same as
steps S10, S40, and S60 according to Embodiment 1 if
display device 1 is read as display device 5 and controller 10
is read as controller 10B. Therefore, the following descrip-
tion will focus on steps S20B, S30B, and S50B.

[0163] After completion of step S10, the controller 10B
quantizes the correction data components corresponding to
the pixels in the first correction data, and reconstructs the
correction data components by propagating error compo-
nents thereof to neighboring pixels (S20B).

[0164] Next, the controller 10B reduces the bits of the
reconstructed correction data components for the pixels to
transform the first correction data into the second correction
data (S30B). Steps S20B and S30B are transformation steps
performed by the transform unit 12B of the controller 10B.
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[0165] Next, the controller 10B stores, in advance, the
second correction data in the memory 11 included in the
display device 5 (S40B; storing step).

[0166] Next, the controller 10B reads the second correc-
tion data from the memory 11 and using a threshold used as
a reference value of the bit reduction performed in step
S30B, decompresses the second correction data into correc-
tion data having more bits than the second correction data
(S50B).

[0167] Note that the decompression in step S50B is not a
necessary step. However, the higher the bit reduction factor
of the first correction data is in step S30B, the lower the
correction precision of the second correction data is. Accord-
ingly, when the bit reduction factor is high, the above
decompression is preferably performed.

[0168] Next, the controller 10B corrects the luminance
signal using the second correction data (S60B; correction
step).

[0169] With the above-described correction method per-

formed by the display device 5 according to this embodi-
ment, the luminance signal is not corrected by the first
correction data (unprocessed correction data), but rather by
the second correction data processed in steps S20B and
S30B. Moreover, the memory 11 stores the second correc-
tion data generated as a result of the first correction data
being transformed. The second correction data is generated
by reducing the bits of the first correction data, and is
therefore smaller in data size than the first correction data.
This yields an advantageous effect in which the capacity of
the memory 11 that stores the smaller second correction data
can be reduced in accordance with an increase in the
resolution of the display 40. This therefore makes it possible
to maintain the luminance correction precision and reduce
correction data size and data transfer rate.

[0170] Note that in step S20B, an error diffusion method
may be used as the method of reconstructing the correction
data components corresponding to the pixels in the first
correction data by propagating error components thereof to
neighboring pixels. Using an error diffusion method makes
it possible to maintain the correction precision of the lumi-
nance signal. Other than an error diffusion method, a rep-
resentative dithering method, such as random dithering and
pattern dithering, may be applied.

[0171] Moreover, upon reconstructing the correction data
components corresponding to the pixels in the first correc-
tion data by propagating error components thereof to neigh-
boring pixels, the correction data components may be quan-
tized and the correction data components may be
reconstructed using the resulting error components based on
a threshold determined according to the distribution of the
correction data components included in the first correction
data.

[0172] Moreover, in step S30B, the reconstructed correc-
tion data components resulting from propagating error com-
ponents of the correction data components corresponding to
the pixels included in the first correction data to neighboring
pixels may be reduced in bits by binarization. In such cases,
it is possible to reduce the data size of the second correction
data to the greatest extent.

Embodiment 5

[0173] In Embodiment 4, a correction method performed
by the display device 5 in which the first correction data is
obtained, the second correction data is generated from the
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first correction data, and the luminance signal is corrected
using the second correction data was described. In contrast,
in this embodiment, a manufacturing method for the display
device 5§ in which the second correction data is generated
from the first correction data and the second correction data
is stored in the memory 11 of the display device § will be
described. In other words, the manufacturing method for the
display device 5 according to this embodiment differs from
the correction method performed by the display device 5
according to Embodiment 4, which includes steps up to the
correction of the luminance signal using the second correc-
tion data, in that it includes steps up to the storing of the
second correction data into the memory 11. In the following
description, configurations that are the same as in display
device 5 according to Embodiment 4 and the correction
method performed thereby will be omitted. The description
will focus on the points of difference.

(5.1 Information Processing Device Configuration in
Manufacturing Steps)

[0174] FIG. 17 is a block diagram illustrating the configu-
ration of an information processing device 2C for obtaining
the second correction data in a manufacturing step. The
information processing device 2C illustrated in FIG. 17 is a
device used in a manufacturing step for the display device 5,
and includes a transform unit 12C.

[0175] The transform unit 12C includes a threshold deter-
mination unit 1121C and a bit reducer 1122C, and trans-
forms unprocessed correction data (first correction data) into
second correction data smaller in data size than the first
correction data.

[0176] The threshold determination unit 1121C deter-
mines a threshold used when the bit reducer 1122C con-
nected down the line reduces bits based on a distribution of
the correction data components included in the first correc-
tion data. Here, the first correction data includes red correc-
tion data for correcting the luminance of red sub pixels,
green correction data for correcting the luminance of green
sub pixels, and blue correction data for correcting the
luminance of blue sub pixels. As such, the threshold deter-
mination unit 1121C determines a threshold for each of the
red correction data, green correction data, and blue correc-
tion data included in the first correction data.

[0177] Based on the threshold determined by the threshold
determination unit 1121C; the bit reducer 1122C quantizes
the sub pixel correction data components included in the first
correction data, propagates the resulting error components to
neighboring sub pixels to reconstruct the sub pixel correc-
tion data components included in the first correction data,
and reduces the bits of the reconstructed correction data
components of the first correction data to generate the
second correction data. More specifically, based on the
above threshold, the bit reducer 1122C transforms the first
correction data into the second correction data by: recon-
structing the correction data components corresponding to
first sub pixels (one of red sub pixels, green sub pixels, or
blue sub pixels) by, for each of the first sub pixels, propa-
gating an error component of the correction data component
corresponding to a current first sub pixel to a neighboring
first sub pixel, and reducing the reconstructed correction
data components corresponding to the first sub pixels by a
first number of bits; and reconstructing the correction data
components corresponding to second sub pixels (one of red
sub pixels, green sub pixels, or blue sub pixels, except for
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the one that corresponds to the first sub pixels) by, for each
of the second sub pixels, propagating an error component of
the correction data component corresponding to a current
second sub pixel to a neighboring second sub pixel, and
reducing the reconstructed correction data components cor-
responding to the second sub pixels by a second number of
bits greater than the first number of bits. Moreover, based on
the above-described threshold, the bit reducer 1122C may,
with respect to the first correction data, further reconstruct
correction data components corresponding to the third sub
pixels (one of the red sub pixels, green sub pixels, and blue
sub pixels that does not correspond to the first sub pixels or
the second sub pixels) by, for each of the third sub pixels,
propagating an error component of a correction data com-
ponent corresponding to a current third sub pixel to a
neighboring third sub pixel, and reducing the reconstructed
correction data components corresponding to the third sub
pixels by a third number of bits greater than the second
number of bits.

[0178] Here, the bit reducer 1122C reduces the bits of the
red correction data, the green correction data, and the blue
correction data such that more bits are reduced for colors
having lower luminosity factors. This method of bit reduc-
tion is performed based on the attribute that humans com-
paratively recognize changes in luminance of colors having
a relatively lower luminosity factor less than changes in
luminance of colors having a relatively higher luminosity
factor. Typically, the luminosity factor of blue is lower than
the luminosity factor of red, and the luminosity factor of red
is lower than the luminosity factor of green. Accordingly, the
bit reducer 1122C reduces the bits such that more bits are
reduced for the blue correction data than for the red correc-
tion data, and more bits are reduced for the red correction
data than for the green correction data. In other words, the
bit reducer 1122C reduces the bits where the first sub pixel
is the green sub pixel, the second sub pixel is the red sub
pixel, and the third sub pixel is the blue sub pixel.

[0179] For example, an error diffusion method is used as
the quantization method of propagating the error compo-
nents of the sub pixel correction data components included
in the first correction data to neighboring sub pixels to
reconstruct the sub pixel correction data components
included in the first correction data. Other examples of the
quantization method include representative dithering meth-
ods, such as random dithering and pattern dithering. Using
an error diffusing method for the processes performed by bit
reducer 1122C makes it possible to maintain the correction
precision of the luminance signal.

[0180] Note that the first correction data may be obtained
by the information processing device 2 according to
Embodiment 1 illustrated in FIG. 7. Here, the information
processing device 2 according to Embodiment 1 and the
information processing device 2C according to this embodi-
ment may be a single device that includes both functions. In
other words, the information processing device 2C accord-
ing to this embodiment may include, in addition to the
transform unit 12C, the computing unit 201, the storage 202,
and the communication unit 203. Moreover, the first cor-
rection data may be applied in advance to the information
processing device 2C.

(5.2 Display Device Manufacturing Method)

[0181] FIG. 18 is an operational flow chart illustrating the
manufacturing method for the display device 5 according to
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Embodiment 4. In FIG. 18, steps from the forming of the
display panel included in the display device 1 to the storing
of the second correction data in the memory are illustrated.
Hereinafter, the manufacturing steps will be described with
reference to FIG. 18.

[0182] As illustrated in FIG. 18, the manufacturing
method for the display device 5 differs from the manufac-
turing method for the display device 1 according to Embodi-
ment 1 (see FIG. 9) in that the step S100 is step S100B, step
S110 is step S110B, step S120 is step S120B, step S130 is
step S130B, and step S140 is step S140B.

[0183] Here, steps S100B, S110B, and S140B are the
same as steps S100, S110, and S140 according to Embodi-
ment 1 if display device 1 is read as display device 5 and
information processing device 2A is read as information
processing device 2C. Therefore, the following description
will focus on steps S120B and S130B.

[0184] After completion of step S110B, the information
processing device 2C quantizes the correction data compo-
nents corresponding to the pixels in the first correction data,
and reconstructs the correction data components by propa-
gating error components thereof to neighboring pixels
(S120B).

[0185] Next, the information processing device 2C
reduces the bits of the reconstructed correction data com-
ponents for the pixels to transform the first correction data
into the second correction data (S1308B). Steps S120B and
S130B are transformation steps performed by the transform
unit 12C of the information processing device 2C.

[0186] Next, the information processing device 2C stores,
in advance, the second correction data in the memory 11
included in the display device 5 (S140B; storing step).
[0187] With the above-described manufacturing method
for the display device 5 according to this embodiment, the
first correction data (unprocessed correction data) is not
stored in the memory 11, but rather the second correction
data processed in steps S120B and S130B is stored in the
memory 11. The second correction data is generated by
reducing the bits of the first correction data, and is therefore
smaller in data size than the first correction data. This yields
an advantageous effect in which the capacity of the memory
11 that stores the smaller second correction data can be
reduced in accordance with an increase in the resolution of
the display 40. This therefore makes it possible to maintain
the luminance correction precision and reduce correction
data size and data transfer rate.

[0188] Note that in step S120B, an error diffusion method
may be used as the method of reconstructing the correction
data components corresponding to the pixels in the first
correction data by propagating error components thereof to
neighboring pixels. Using an error diffusion method makes
it possible to maintain the correction precision of the lumi-
nance signal. Other than an error diffusion method, a rep-
resentative dithering method, such as random dithering and
pattern dithering, may be applied.

[0189] Moreover, upon reconstructing the correction data
components corresponding to the pixels in the first correc-
tion data by propagating error components thereof to neigh-
boring pixels, the correction data components may be quan-
tized and the correction data components may be
reconstructed using the resulting error components based on
a threshold determined according to the distribution of the
correction data components included in the first correction
data.
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[0190] Moreover, the information processing device 2C
may include therein the controller 10B that is included in the
display device 5, and in a manufacturing process, the
controller 10B may obtain the second correction data and
store the second correction data in the memory 11.

Embodiment 6

[0191] In Embodiment 4, a correction method performed
by the display device 5 in which the first correction data is
obtained, the second correction data is generated from the
first correction data, and the luminance signal is corrected
using the second correction data was described. In contrast,
in this embodiment, a display method for the display device
5 including reading the second correction data, correcting
the luminance signal using the second correction data, and
displaying an image based on the corrected luminance signal
will be described. In other words, the correction method
performed by the display device 5§ according to this embodi-
ment differs from the manufacturing method for the display
device § according to Embodiment 5, which includes steps
up to the storing of the second correction data into the
memory 11, in that it includes steps from the reading of the
stored second correction data to the displaying of an image.
In the following description, configurations that are the same
as in display device 5 according to Embodiment 4 and the
correction method performed thereby will be omitted. The
description will focus on the points of difference.

(6.1 Controller Configuration)

[0192] FIG. 19 is a block diagram illustrating a configu-
ration of the controller 10B that causes the display device 5
to display an image using the second correction data. The
controller 10B illustrated in FIG. 19 includes the memory 11
and the correction unit 13B.

[0193] The correction unit 13B uses the second correction
data to correct the luminance signal. The luminance signal is
an electric signal for causing light emitting elements in
pixels to emit light, and is applied to the pixels. More
specifically, in this embodiment, the luminance signal is data
voltage applied from the data line driver circuit 20 to the
gate of the driver transistor 402 in order to cause the organic
EL element 401 included in the sub pixel 400 to emit light.

[0194] Here, with the display method according to this
embodiment, the luminance signal is not corrected by the
above-described first correction data (unprocessed correc-
tion data), but rather by processed correction data (second
correction data) obtained by processing the unprocessed
correction data (first correction data) so as to reduce its data
size. The second correction data is generated by reducing the
bits of the first correction data, and is therefore smaller in
data size than the first correction data.

[0195] This yields an advantageous effect in which the
capacity of the memory 11 that stores the second correction
data, which is smaller in data size than the first correction
data, can be reduced in accordance with an increase in the
resolution of the display 40. Since there is no need to have
an excessively large capacity and long lifespan for the
storage medium, for example, non-volatile memory, such as
flash memory, can be used as the memory 11.

[0196] The correction unit 13B includes the data decom-

pression unit 1132 and the luminance signal correction unit
131.
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[0197] The data decompression unit 1132 includes, for
example, first memory that is volatile, such as DRAM, and
an operation circuit. The data decompression unit 1132 reads
the second correction data from the memory 11 and tempo-
rarily stores the second correction data in the first memory.
Here, second memory—exemplified as SRAM—provided
internal (or external) to the first memory stores at least one
of the threshold data determined by the threshold determi-
nation unit 1121 and discrete values into which the first
correction data is quantized. The operation circuit uses at
least one of the threshold data and the above-described
discrete values stored in the second memory to decompress
the second correction data stored in the first memory into
correction data (discrete values) having more bits than the
second correction data stored in the memory 11. In other
words, the correction unit 13B uses at least one of the
above-described threshold data and discrete values to
decompress the second correction data into data having
more bits than the second correction data, and corrects the
luminance signal using correction data that is bit-com-
pressed relative to the first correction data. Note the data
decompression unit 1132 is not a necessary component of
the controller 10B according to this embodiment.

[0198] However, the higher the bit reduction factor of the
first correction data is, the lower the correction precision of
the second correction data is. Accordingly, when the bit
reduction factor is high, the controller 10B preferably
includes the data decompression unit 1132.

[0199] The luminance signal correction unit 131 corrects
the luminance signal corresponding to a sub pixel 400 using
the second correction data decompressed by the data decom-
pression unit 1132. Hereinafter, one example of the pro-
cesses for correcting the luminance signal in the luminance
signal correction unit 131 will be given.

[0200] The luminance signal correction unit 131 multi-
plies (or divides) data voltage corresponding to the pre-
correction luminance signal by the gain correction value
among the second correction data (gain correction value and
offset correction value), and adds (or subtracts) the offset
correction value to (or from) the multiplication value, and
outputs the result to the data line driver circuit 20. This
therefore makes it possible to maintain the luminance cor-
rection precision and reduce correction data size and data
transfer rate.

(6.2 Display Device Display Method)

[0201] FIG. 20 is an operational flow chart illustrating the
display method for the display device 5 according to
Embodiment 6. FIG. 20 illustrates steps performed by the
controller 10B included in the display device 5, from reading
the second correction data to correcting the luminance signal
and displaying an image. Hereinafter, the correction steps
will be described with reference to FIG. 20.

[0202] First, the controller 10B reads the second correc-
tion data from the memory 11 and using at least one of a
threshold used as a reference value of the bit reduction and
the discrete values into which the first correction data is
quantized, decompresses the second correction data into
correction data having more bits than the second correction
data (S250B).

[0203] Note that the decompression in step S250B is not
a necessary step. However, the higher the bit reduction
factor of the first correction data is, the lower the correction
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precision of the second correction data is. Accordingly,
when the bit reduction factor is high, the above decompres-
sion is preferably performed.

[0204] Next, the controller 10B corrects the luminance
signal using the second correction data (S260B; correction
step).

[0205] Lastly, the controller 10B supplies the luminance

signal corrected in the above corrected step to each sub pixel
400, and causes the display device 5 to display an image by
causing the organic EL elements 401 to emit light in
accordance with the luminance signal (S270B; display step).
[0206] With the above-described display method for the
display device 5 according to this embodiment, the lumi-
nance signal is not corrected by the first correction data
(unprocessed correction data), but rather by the bit-reduced
second correction data. Moreover, the memory 11 stores the
second correction data generated as a result of the first
correction data being transformed. The second correction
data is generated by reducing the bits of the first correction
data, and is therefore smaller in data size than the first
correction data. This yields an advantageous effect in which
the capacity of the memory 11 that stores the smaller second
correction data can be reduced in accordance with an
increase in the resolution of the display 40. This therefore
makes it possible to maintain the luminance correction
precision and reduce correction data size and data transfer
rate.

Other Embodiments

[0207] The display device, the correction method for the
display device, the manufacturing method for the display
device, and the display method for the display device have
been described based on, but are not limited to, the exem-
plary Embodiments 1 through 6. Those skilled in the art will
readily appreciate that many modifications are possible in
the exemplary embodiments without materially departing
from the inventive scope. Accordingly, all such modifica-
tions, including any device including the display device
according to the present disclosure are intended to be
included within the scope thereof.

[0208] For example, the display device, the correction
method for the display device, the manufacturing method for
the display device, and the display method for the display
device according to Embodiments 1 to 6 are applied to a
tablet like the one illustrated in FIG. 21. Through application
of the display device, the correction method for the display
device, the manufacturing method for the display device,
and the display method for the display device according to
the present disclosure, a compact, high-definition, low-cost
tablet including a display with reduced luminance uneven-
ness is realized.

[0209] Note that in the above embodiments, an image is
displayed on the display 40 based on a luminance signal
generated based on an external video signal, but this
example is not limiting. A luminance signal for causing the
pixels to emit light is not limited to being generated from an
external video signal; the luminance signal may be gener-
ated from various types of signals for displaying still or
moving pictures.

[0210] Moreover, the first correction data is not limited to
being generated during manufacturing of the display device.
Moreover, the second correction data is not limited to being
stored in the memory 11 generated during manufacturing of
the display device. After manufacturing of the display
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device is complete, while the display device is operating or
not operating, the first correction data may be updated and
the second correction data may be newly stored based on the
updated first correction data.

[0211] Moreover, the light emitting elements included in
the pixels are not limited to organic EL elements. The light
emitting elements may be made of a current-driven or
voltage-driven inorganic material.

[0212] Moreover, each pixel is exemplified as including
red, green, and blue sub pixels which emit light of the three
primary colors red, green, and blue, respectively, but the
color combination of the sub pixels is not limited to this
example so long as a variety of colors can be generated. For
example, each pixel may include yellow, magenta, and cyan
sub pixels which emit yellow, magenta, and cyan light,
respectively.

[0213] Further, each pixel may include a combination of
four or more sub pixels which emit four or more colors
capable of being combined to generate a variety of colors.
For example, each pixel may include red, green, blue, and
yellow sub pixels which emit red, green, blue, and yellow
light, respectively.

[0214] Although only some exemplary embodiments of
the present disclosure have been described in detail above,
those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings and
advantages of the present disclosure. Accordingly, all such
modifications are intended to be included within the scope of
the present disclosure.

INDUSTRIAL APPLICABILITY

[0215] The present disclosure is applicable to organic EL
flat panel displays having a display device including organic
EL elements, and is optimal for a compact, high-definition
display device in which uniform image quality is desirable,
and a correction method therefore.

1. A display device correction method for correcting
luminance unevenness in a display device Including a matrix
of pixels each including a light emitting element that emits
light in accordance with a luminance signal, the display
device correction method comprising:

obtaining, in advance, first correction data for correcting

the luminance signal, the first correction data including
correction data components corresponding to the pix-
els;

transforming the first correction data into second correc-

tion data smaller in data size than the first correction
data; and

correcting the luminance signal using the second correc-

tion data,

wherein the pixels each include at least a first sub pixel

that emits light of a first color, a second sub pixel that
emits light of a second color, and a third sub pixel that
emits light of a third color,

the first correction data and the second correction data

respectively include at least first color correction data
for correcting a luminance of the first sub pixel, second
color correction data for correcting a luminance of the
second sub pixel, and third color correction data for
correcting a luminance of the third sub pixel, and

in the transforming, the first correction data is trans-

formed such that a data reduction amount of the second
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color correction data is greater than a data reduction
amount of the first color correction data.
2. The display device correction method according to
claim 1, wherein
the first color has a luminosity factor that is higher than a
luminosity factor of the second color.
3. The display device correction method according to
claim 2, wherein
the first color is green,
the second color is red,
the third color is blue, and
in the transforming, the first correction data Is trans-
formed such that a data reduction amount of the third
color correction data is greater than the data reduction
amount of the second color correction data.
4. The display device correction method according to
claim 1, further comprising
storing, in advance, the second correction data in memory
included in the display device after the transforming,
wherein in the correcting, the second correction data
stored in the memory is read and used to correct the
luminance signal.
5. The display device correction method according to
claim 1, wherein
in the transforming, the first correction data is trans-
formed by:
deconstructing the first color correction data and the
second color correction data included in the first cor-
rection data into frequency components, removing a
high frequency component greater than or equal to a
first frequency from the deconstructed first color cor-
rection data to generate the first color correction data
included in the second correction data, and removing a
high frequency component greater than or equal to a
second frequency lower than the first frequency from
the deconstructed second color correction data to gen-
erate the second color correction data included in the
second correction data.
6. The display device correction method according to
claim 5, wherein
in the transforming, the first correction data is trans-
formed by further deconstructing the third color cor-
rection data included in the first correction data into
frequency components and removing a high frequency
component greater than or equal to a third frequency
lower than the second frequency from the decon-
structed third color correction data to generate the third
color correction data included in the second correction
data.
7. The display device correction method according to
claim 5, wherein
in the transforming, the first color correction data and the
second color correction data are deconstructed into the
frequency components using a discrete cosine trans-
form.
8. The display device correction method according to
claim 5, wherein
in the correcting, the first color correction data and the
second color correction data included in the second
correction data are inverse transformed from the fre-
quency components to spatial components and the
inverse transformed second correction data is used to
correct the luminance signal.
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9. The display device correction method according to
claim 1, wherein
in the transforming, the first correction data is trans-
formed into the second correction data by:

reconstructing correction data components corresponding
to the first sub pixels by, for each of the first sub pixels,
propagating an error component of a correction data
component corresponding to a current first sub pixel to
a neighboring first sub pixel, and reducing the recon-
structed correction data components corresponding to
the first sub pixels by a first number of bits; and

reconstructing correction data components corresponding
to the second sub pixels by, for each of the second sub
pixels, propagating an error component of a correction
data component corresponding to a current second sub
pixel to a neighboring second sub pixel, and reducing
the reconstructed correction data components corre-
sponding to the second sub pixels by a second number
of bits greater than the first number of bits.
10. The display device correction method according to
claim 9, wherein
in the transforming, the first correction data is trans-
formed into the second correction data by further:

reconstructing correction data components corresponding
to the third sub pixels by, for each of the third sub
pixels, propagating an error component of a correction
data component corresponding to a current third sub
pixel to a neighboring third sub pixel, and reducing the
reconstructed correction data components correspond-
ing to the third sub pixels by a third number of bits
greater than the second number of bits.
11. The display device correction method according to
claim 1, wherein
in the transforming, the first correction data is trans-
formed into the second correction data by performing
error diffusion on the correction data components of the
first correction data and reducing bits of the correction
data components on which the error diffusion has been
performed.
12. The display device correction method according to
claim 11, wherein
in the transforming, the correction data components of the
first correction data are propagated to a neighboring
pixel based on threshold data derived in advance, and

in the correcting, the correction data components of the
second correction data are each decompressed into data
having more bits than the second correction data by
using at least one of the threshold data and discrete
values into which the first correction data is quantized,
and the luminance signal is corrected using the decom-
pressed second correction data.

13. A display device manufacturing method for manufac-
turing a display device including a matrix of pixels each
including a light emitting element that emits light in accor-
dance with a luminance signal, the display device manufac-
turing method comprising:

forming a display panel including the pixels;

obtaining, in advance, first correction data for correcting

the luminance signal, the first correction data including
correction data components corresponding to the pix-
els;

transforming the first correction data into second correc-

tion data smaller in data size than the first correction
data;
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correcting the luminance signal using the second correc-

tion data; and

storing the second correction data in memory included in

the display device after the transforming,

wherein the pixels each include at least a first sub pixel

that emits light of a first color, a second sub pixel that
emits light of a second color, and a third sub pixel that
emits light of a third color,

the first correction data and the second correction data

respectively include at least first color correction data
for correcting a luminance of the first sub pixel, second
color correction data for correcting a luminance of the
second sub pixel, and third color correction data for
correcting a luminance of the third sub pixel, and

in the transforming, the first correction data is trans-

formed such that a data reduction amount of the second
color correction data is greater than a data reduction
amount of the first color correction data.

14. The display device manufacturing method according
to claim 13, wherein

in the transforming, the first correction data is trans-

formed by:
deconstructing the first color correction data and the
second color correction data included in the first cor-
rection data into frequency components, removing a
high frequency component greater than or equal to a
first frequency from the deconstructed first color cor-
rection data to generate the first color correction data
included in the second correction data, and removing a
high frequency component greater than or equal to a
second frequency lower than the first frequency from
the deconstructed second color correction data to gen-
erate the second color correction data included in the
second correction data.
15. The display device manufacturing method according
to claim 13, wherein
in the transforming, the first correction data is trans-
formed into the second correction data by:

reconstructing correction data components corresponding
to the first sub pixels by, for each of the first sub pixels,
propagating an error component of a correction data
component corresponding to a current first sub pixel to
a neighboring first sub pixel, and reducing the recon-
structed correction data components corresponding to
the first sub pixels by a first number of bits; and

reconstructing correction data components corresponding
to the second sub pixels by, for each of the second sub
pixels, propagating an error component of a correction
data component corresponding to a current second sub
pixel to a neighboring second sub pixel, and reducing
the reconstructed correction data components corre-
sponding to the second sub pixels by a second number
of bits greater than the first number of bits.

16. A display device display method for a display device
including a matrix of pixels each including a light emitting
element that emits light in accordance with a luminance
signal, the display device display method comprising:

correcting the luminance signal using second correction

data generated by (i) obtaining, in advance, first cor-
rection data for correcting the luminance signal, the
first correction data including correction data compo-
nents corresponding to the pixels and (ii) transforming
the first correction data into second correction data
smaller in data size than the first correction data; and
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supplying the luminance signal corrected in the correcting
to the pixels to cause the light emitting element to emit
light in accordance with the luminance signal and the
display device to display an image,

wherein the pixels each include at least a first sub pixel
that emits light of a first color, a second sub pixel that
emits light of a second color, and a third sub pixel that
emits light of a third color,

the first correction data and the second correction data
respectively include at least first color correction data
for correcting a luminance of the first sub pixel, second
color correction data for correcting a luminance of the
second sub pixel, and third color correction data for
correcting a luminance of the third sub pixel, and

in the transforming, the first correction data is trans-
formed such that a data reduction amount of the second
color correction data is greater than a data reduction
amount of the first color correction data.

17. The display device display method according to claim

16, wherein

in the transforming, the first correction data is trans-
formed by:

deconstructing the first color correction data and the
second color correction data included in the first cor-
rection data into frequency components, removing a
high frequency component greater than or equal to a
first frequency from the deconstructed first color cor-
rection data to generate the first color correction data
included in the second correction data, and removing a
high frequency component greater than or equal to a
second frequency lower than the first frequency from
the deconstructed second color correction data to gen-
erate the second color correction data included in the
second correction data.

18. The display device display method according to claim

16, wherein

in the transforming, the first correction data is trans-
formed into the second correction data by:

reconstructing correction data components corresponding
to the first sub pixels by, for each of the first sub pixels,
propagating an error component of a correction data
component corresponding to a current first sub pixel to
a neighboring first sub pixel, and reducing the recon-
structed correction data components corresponding to
the first sub pixels by a first number of bits; and

reconstructing correction data components corresponding
to the second sub pixels by, for each of the second sub
pixels, propagating an error component of a correction
data component corresponding to a current second sub
pixel to a neighboring second sub pixel, and reducing
the reconstructed correction data components corre-
sponding to the second sub pixels by a second number
of bits greater than the first number of bits.

19. A display device including a matrix of pixels each

including a light emitting element that emits light in accor-

dance with a luminance signal, the display device compris-

ng:

18
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a transform unit configured to transform first correction
data for correcting the luminance signal into second
correction data smaller in data size than the first cor-
rection data, the first correction data including correc-
tion data components corresponding to the pixels; and

a correcting unit configured to correct the luminance
signal using the second correction data,

wherein the pixels each include at least a first sub pixel
that emits light of a first color, a second sub pixel that
emits light of a second color, and a third sub pixel that
emits light of a third color,

the first correction data and the second correction data
respectively include at least first color correction data
for correcting a luminance of the first sub pixel, second
color correction data for correcting a luminance of the
second sub pixel, and third color correction data for
correcting a luminance of the third sub pixel, and

the transform unit is configured to transform the first
correction data such that a data reduction amount of the
second color correction data is greater than a data
reduction amount of the first color correction data.

20. The display device according to claim 19, wherein

the transform unit is configured to deconstruct the first
color correction data and the second color correction
data included in the first correction data into frequency
components, remove a high frequency component
greater than or equal to a first frequency from the
deconstructed first color correction data to generate the
first color correction data included in the second cor-
rection data, and remove a high frequency component
greater than or equal to a second frequency lower than
the first frequency from the deconstructed second color
correction data to generate the second color correction
data included in the second correction data.

21. The display device according to claim 19, wherein

the transform unit is configured to transform the first
correction data into the second correction data by:

reconstructing correction data components corresponding
to the first sub pixels by, for each of the first sub pixels,
propagating an error component of a correction data
component corresponding to a current first sub pixel to
a neighboring first sub pixel, and reducing the recon-
structed correction data components corresponding to
the first sub pixels by a first number of bits; and

reconstructing correction data components corresponding
to the second sub pixels by, for each of the second sub
pixels, propagating an error component of a correction
data component corresponding to a current second sub
pixel to a neighboring second sub pixel, and reducing
the reconstructed correction data components corre-
sponding to the second sub pixels by a second number
of bits greater than the first number of bits.
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