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FIG. 11

Offset
Divided Light-emitting  juminance
region  efficiency (p) value (q)

1 10 -2
2 8 -5
3 14 -3
4 2 -4
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FIG. 18
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1
ORGANIC EL DISPLAY APPARATUS AND
METHOD OF FABRICATING ORGANIC EL
DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This is a continuation application of PCT application No.
PCT/JP2011/000840 filed on Feb. 16, 2011, designating the
United States of America.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to organic EL display appa-
ratuses and methods of fabricating organic EL display appa-
ratuses, and particularly relates to an active-matrix organic
EL display apparatus and a method of fabricating the active-
matrix organic EL display apparatus.

(2) Description of the Related Art

An image display apparatus using organic EL devices (or-
ganic EL display) has been known as an image display appa-
ratus using current-driven light-emitting devices. The organic
EL display has been attracting attention as a possible next-
generation Flat Panel Display (FPD) for its advantages
including wide viewing angles and small power consump-
tion.

In an organic EL display, the organic EL devices compos-
ing pixels are usually arranged in a matrix. An organic EL
display in which organic EL devices are provided at cross-
points of row electrodes (scanning lines) and column elec-
trodes (data lines), and the organic EL devices are driven by
applying voltage corresponding to data signal between a
selected row electrode and column electrodes is referred to as
a passive-matrix organic EL display.

In contrast, an organic EL display in which thin film tran-
sistors (TFT) are provided at cross-points of the scanning
lines and the data lines, a gate of a driving transistor is con-
nected to the TFT, the data signal input is provided to the
driving transistor by turning on the TFT through the selected
scanning line, and the organic EL devices are driven by the
driving transistors. Such an organic EL display is referred to
as an active-matrix organic EL display.

In contrast with the passive-matrix organic EL display in
which the organic EL devices connected to each row elec-
trode (scanning line) emit light only when the row electrode is
selected, in the active-matrix organic EL display, the organic
EL devices can emit light until next scanning (selection).
Accordingly, even when the duty cycle increases, the lumi-
nance of the display does not decrease. Thus, the display can
be driven by low voltage, reducing the power consumption.
However, due to variation in the characteristics of the driving
transistors and the organic ELL devices, the active-matrix
organic EL display has a disadvantage that the luminance is
uneven because luminance of the organic EL device in each
pixel is different even when the same data signal is given.

Typical methods of compensating the unevenness in lumi-
nance due to variation in the characteristics (hereafter
referred to as uneven characteristics) of the driving transistors
and organic EL device caused by the fabricating process in the
conventional organic EL, display include compensation by
complex pixel circuits and compensation using an external
memory.

However, the complex pixel circuits decreases yield. In
addition, the complex pixel circuits do not compensate the
unevenness in the light-emitting efficiency of the organic EL
device in each pixel.
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For the reasons described above, several methods of com-
pensating the unevenness in the characteristics of the pixels
by the external memory have been proposed.

For example, according to the electric optical device, the
method of driving the electric optical device, the method of
fabricating the electric optical device, and the electronic
device according to Patent Literature 1: Japanese Unexam-
ined Patent Application Publication No. 2005-283816, in a
current program pixel circuit, the luminance of each pixel is
measured by at least one type of input current, and the mea-
sured luminance ratio of each pixel is stored in the storage
capacitance, the image data is corrected based on the lumi-
nance ratio, and the current program pixel circuit is driven by
the image data after the correction. With this, the unevenness
in luminance is suppressed, allowing a uniform display.

SUMMARY OF THE INVENTION

However, with the solution described above, early mea-
surement of the luminance and the current is necessary for
compensating the uneven luminance using the external
memory.

When performing the early measurement on the current
and correcting the uneven luminance, it is necessary to take a
long time for the early measurement in order to measure the
desired current highly precisely considering the parasitic
capacitance of the entire circuit and the line resistance.
Accordingly, there is a problem that the fabricating cost
increases when the uneven luminance is compensated while
maintaining the precision of the correction. In particular, the
larger the panel screen and the more the number of input
gray-scales, it takes longer to measure the entire surface of the
panel. As a result, there is a problem that the fabricating cost
is significantly increased.

Alternatively, when the uneven luminance is corrected by
the early measurement of the luminance with respect to the
voltage input, instead of the early measurement of the current
in each pixel, the variations in both the driving transistors and
the organic EL devices are measured, allowing the correction
of both of the variations at once.

FIG. 19 illustrates an example of conventional correction
method for an organic EL display. Before correction, the
organic EL display has a luminance distribution reflecting
both the luminance distribution due to the organic EL device
and the luminance distribution due to the driving transistors.
In contrast, with the conventional correction method for mea-
suring luminance with respect to a voltage input, both the
variations in the organic EL devices and the variations in the
driving transistors are corrected. Accordingly, the organic EL
display after correction has a uniform luminance distribution.
However, in order to obtain the uniform luminance distribu-
tion, the currents flowing in the organic EL devices differ
from pixel to pixel. In this case, the current load on the organic
EL device differ for each pixel, accelerating the variation in
the degradation of luminance due to the product life of the
organic EL devices, triggering the uneven luminance due to
change over time.

In view of the problems above, itis an object of the present
invention to provide an organic EL display apparatus and the
method of fabricating the organic EL display apparatus
capable of reducing the manufacturing cost for generating the
uneven luminance correcting parameter and suppressing the
uneven luminance due to the change over time.

In order to solve the problems described above, the organic
EL display apparatus according to an aspect of the present
invention includes obtaining a representative current-voltage
characteristic common to an entire display panel including a
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plurality of pixels each having a light-emitting device and a
driving device which is voltage-driven and controls a current
supply to the light-emitting device; dividing the display panel
into a plurality of divided regions, applying voltage to the
driving device in each of the pixels, measuring a current
flowing in each of the divided regions and luminance of light
emitted from the divided region when the current is flowing in
the divided region, calculating a current-luminance charac-
teristic of the divided region according to the measured cur-
rent flowing in the divided region and the measured lumi-
nance of the light emitted from the divided region, and
calculating a light-emitting efficiency and a offset luminance
value for each of the divided regions, the light-emitting effi-
ciency being a slope of the current-luminance characteristic,
and the offset luminance value being an intercept of a lumi-
nance axis of the current-luminance characteristic; measuring
luminance of light emitted from each of the pixels in the
display panel by a predetermined measuring device and cal-
culating a luminance-voltage characteristic of each of the
pixels according to the measured luminance of the light emit-
ted from the pixel; calculating a luminance-voltage charac-
teristic of each divided region by multiplying each current
value of the representative current-voltage characteristic by
light-emitting efficiency of each divided region, and by add-
ing, to the multiplied value, an offset luminance value calcu-
lated for each divided region; and calculating a correction
parameter for a target pixel such that the luminance-voltage
characteristic of the target pixel calculated in the calculating
of a luminance-voltage characteristic of each pixel is cor-
rected to the luminance-voltage characteristic of a divided
region to which the target pixel belongs to, the luminance-
voltage characteristic of the divided region being calculated
in the calculating of a luminance-voltage characteristic of
each divided region.

According to the organic EL display apparatus and the
method of manufacturing the organic EL display apparatus,
the current load of the organic EL devices having a product
life dependent on the light-emitting current is set to be equal
from pixel to pixel. Therefore, it is possible to suppress the
degradation in luminance caused by the product life.

Furthermore, upon generating the correction parameter, it
is not necessary to measure the current of each pixel. Thus, it
is possible to reduce the time necessary for measurement for
generating the correction parameter, and the fabrication cost
can be reduced.

Further Information about Technical Background to
this Application

The disclosure of Japanese Patent Application No. 2010-
070961 filed on Mar. 25, 2010 including specification, draw-
ings and claims is incorporated herein by reference in its
entirety.

The disclosure of PCT application No. PCT/JP2011/
000840 filed on Feb. 16, 2011, including specification, draw-
ings and claims is incorporated herein by reference in its
entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings that illustrate a specific embodiment of the inven-
tion. In the Drawings:
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FIG. 1 is a block diagram illustrating an electric configu-
ration of the organic EL display apparatus according to
Embodiment of the present invention;

FIG. 2 illustrates an example of circuit configuration of a
pixel in the display unit and a connection with circuits around
the pixel;

FIG. 3 is a functional block diagram of a fabricating system
used for the method of fabricating the organic EL display
apparatus according to the present invention;

FIG. 4isan operational flowchart illustrating the method of
fabricating the organic EL display apparatus according to
Embodiment 1 of the present invention;

FIG. 5A illustrates charts for illustrating characteristics
obtained by the first process group in the method of fabricat-
ing the organic EL display device according to Embodiment
1 of the present invention;

FIG. 5B illustrates charts for illustrating characteristics
obtained by the second process group in the method of fab-
ricating the organic EL display device according to Embodi-
ment 1 of the present invention;

FIG. 6 illustrates charts for illustrating characteristics
obtained by the third process group in the method of fabri-
cating the organic EL display device according to Embodi-
ment 1 of the present invention;

FIG. 7A is an operational flowchart illustrating the first
specific method for obtaining the representative I-V charac-
teristics;

FIG. 7B is an operational flowchart illustrating the second
specific method for obtaining the representative I-V charac-
teristics;

FIG. 8A is an operational flowchart illustrating a first spe-
cific method for calculating the coefficients of I-L conversion
equation of each divided region;

FIG. 8B is an operational flowchart illustrating a second
specific method for calculating the coefficients of I-L conver-
sion equation of each divided region;

FIG. 9A is an operational flowchart illustrating the first
specific method for obtaining the L-V characteristics of each
pixel;

FIG. 9B is a diagram for illustrating a captured image when
calculating the -V characteristics of each pixel;

FIG.10A is an operational flowchart illustrating the second
specific method for obtaining the L-V characteristics of each
pixel;

FIG. 10B is a diagram for describing a captured image
when calculating the -V characteristic of each pixel,

FIG. 10C is a state transition diagram of the measured
pixels that are selected;

FIG. 11 is a diagram for illustrating a method of weighting
coeflicients of pixels at the boundary of the divided regions;

FIG. 12A is a graph illustrating luminance-voltage charac-
teristic when calculating correction values for voltage gain
and voltage offset in a method of fabricating the organic EL
display apparatus according to Embodiment 1 of the present
invention;

FIG. 12B is a graph illustrating luminance-voltage charac-
teristic when calculating a correction value for current gain in
a method of fabricating the organic EL display apparatus
according to Embodiment 1 of the present invention;

FIG. 13A is a graph indicating the amount of offset and
offset width when a correction parameter is generated in the
conventional fabrication method,

FIG. 13B is a graph indicating the amount of offset and the
offset width when a correction parameter is generated in the
method of fabricating the organic EL display apparatus
according to Embodiment 1 of the present invention;
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FIG. 14 illustrates the effect of the organic EL display
apparatus corrected by the method of fabricating the organic
EL display apparatus according to the present invention;

FIG. 15A indicates luminance distribution on a display
panel when the light-emitting layer is formed by vapor depo-
sition;

FIG. 15B indicates the luminance distribution on the dis-
play panel when the light-emitting layer is formed by inkjet
printing;

FIG. 16 illustrates the operations for correcting the voltage
gain and the offset at the time of display operation of the
organic EL display apparatus according to Embodiment 2 of
the present invention;

FIG. 17 illustrates the operations for correcting the current
gain at the time of display operation of the organic EL display
apparatus according to Embodiment 2 of the present inven-
tion;

FIG. 18 is an external view of a thin flat TV incorporating
the organic EL display apparatus according to the present
invention; and

FIG. 19is a diagram for illustrating the effect of the organic
EL display apparatus corrected by the conventional correc-
tion method.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

The method of fabricating an organic EL display apparatus
according to an aspect of the present invention includes
obtaining a representative current-voltage characteristic
common to an entire display panel including a plurality of
pixels each having a light-emitting device and a driving
device which is voltage-driven and controls a current supply
to the light-emitting device; dividing the display panel into a
plurality of divided regions, applying voltage to the driving
device in each of the pixels, measuring a current flowing in
each of the divided regions and luminance of light emitted
from the divided region when the current is flowing in the
divided region, calculating a current-luminance characteris-
tic of the divided region according to the measured current
flowing in the divided region and the measured luminance of
the light emitted from the divided region, and calculating a
light-emitting efficiency and a offset luminance value for
each of the divided regions, the light-emitting efficiency
being a slope of the current-luminance characteristic, and the
offset luminance value being an intercept of a luminance axis
of the current-luminance characteristic; measuring lumi-
nance of light emitted from each of the pixels in the display
panel by a predetermined measuring device and calculating a
luminance-voltage characteristic of each of the pixels accord-
ing to the measured luminance of the light emitted from the
pixel; calculating a luminance-voltage characteristic of each
divided region by multiplying each current value of the rep-
resentative current-voltage characteristic by light-emitting
efficiency of each divided region, and by adding, to the mul-
tiplied value, an offset luminance value calculated for each
divided region; and calculating a correction parameter for a
target pixel such that the luminance-voltage characteristic of
the target pixel calculated in the calculating of a luminance-
voltage characteristic of each pixel is corrected to the lumi-
nance-voltage characteristic of a divided region to which the
target pixel belongs to, the luminance-voltage characteristic
of the divided region being calculated in the calculating of a
luminance-voltage characteristic of each divided region.

When calculating the luminance-voltage characteristic of
each pixel by measuring the luminance of light emitted from
each pixel included in the display panel, the luminance-volt-
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age characteristic of each pixel reflects both the variations in
the light-emitting device and a TFT which is the driving
device for driving the light-emitting device included in each
pixel.

When the correction parameter for correcting both the
variations in the light-emitting devices and the variations in
the TFTs, and the video signal from outside is corrected using
the correction parameter, the correction includes a correction
for the variations in the light-emitting devices. Accordingly,
with this correction, the luminance of the light emitted from
the light-emitting device is uniform with respect to the video
signal in the same gray-scale for the entire display panel.

However, due to the variations in the characteristics of the
light-emitting devices, the luminance of each light-emitting
device differs when the same current flows. Thus, when the
correction for making the luminance of the light-emitting
devices is uniform for the entire display panel, the amount of
current flowing in each light-emitting device differs from the
light-emitting device to the light-emitting device. In this case,
since the product life of the light-emitting device depends on
the amount of current, the product life of each light-emitting
device differ as the time passes. The variation in product life
of each light-emitting device consequently appears as uneven
luminance on screen.

Accordingly, in this aspect, only the variations in TFTs are
mainly corrected, and the amount of the current flowing in
each light-emitting device is uniform for the video signal with
the same gray-scale for the entire display panel. This is
because, although the variations in the TFTs are large, the
variations in the light-emitting devices are very small among
the light-emitting devices, and thus correcting only the varia-
tions in the TFTs enables displaying of a uniform image to
human eye without correcting variations in the light-emitting
devices.

In this aspect, first, the representative current-voltage char-
acteristic common to all of the pixels in the display panel is
set. Next, the luminance when the current flows in the divided
region is measured for each divided region, and the light-
emitting efficiency and the offset luminance value of each
divided region are calculated. Here, the offset luminance
value is a luminance value in which a current-luminance
straight line having a slope equal to the light-emitting effi-
ciency crosses a luminance axis having a current value of
zero. More specifically, the variations in the light-emitting
devices are specified from the difference in the light-emitting
efficiencies and the offset luminance values in the divided
regions.

Next, the luminance of the light emitted from each pixel
included in the display panel is measured by the predeter-
mined measuring device, and the luminance-voltage charac-
teristic of each pixel is calculated.

Subsequently, the luminance-voltage characteristic of each
divided region is calculated by multiplying the measured
light-emitting efficiency of each divided region by the current
value of the representative current-voltage characteristic, and
by adding the measured offset luminance value for each
divided region to the multiplied value.

After that, the correction parameter is calculated such that
the luminance-voltage characteristic of each pixel is cor-
rected to the luminance-voltage characteristic of each divided
region. With this, the current-voltage characteristic of each
divided region is corrected to the representative current-volt-
age characteristic common to the entire display panel.

More specifically, the luminance-voltage characteristic of
the divided region which includes the target pixel is the char-
acteristic including the variation in the light-emitting device
that has been measured. Accordingly, calculating a correction
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parameter for correcting the luminance-voltage characteristic
of the target pixel to the luminance-voltage characteristic of
the divided region including the target pixel is calculating a
correction parameter for mainly correcting the variation in the
TFT which barely includes the variation in light-emitting
device. In other words, the correction parameter for correct-
ing the variation in the TFT excluding the variation in the
light-emitting devices is calculated.

With this, it is possible to set a constant current flowing in
each light-emitting device for the same specified gray-scale,
making the current load constant between the light-emitting
devices. Thus, it is possible to set a current flowing in each
light-emitting device uniform, suppressing the variation in
the product life of the light-emitting devices as time passes.
As aresult, it is possible to prevent the uneven luminance due
to the variations in the product life of the light-emitting device
from appearing on screen.

Furthermore, in this aspect, in order to obtain the correc-
tion parameter for correcting the variation in TFT, the lumi-
nance-voltage characteristic including both the variation in
the light-emitting device and the variation in the TFT in each
pixel and the light-emitting efficiency and the offset lumi-
nance value of the light-emitting devices in each divided
region are measured, instead of measuring the variations in
the TFTs in the pixels themselves. In other words, the light-
emitting efficiency and the offset luminance value of each
divided region is calculated by dividing the display panel into
multiple divided regions, and measuring the current flowing
in the divided region and the luminance of the divided region
when the current is flowing in the divided region, for each
divided region. In other words, by calculating the light-emit-
ting efficiency and the offset luminance value of each divided
region, it is possible to clarify the variations in the light-
emitting devices between the divided regions. This is because
the light-emitting devices vary for a certain region, rather than
for a pixel. Furthermore, the voltage-luminance characteris-
tics for multiple pixels can be measured at the same time by
using a CCD camera, for example. With this, compared to the
case in which the variation in the TFT is measured by apply-
ing voltage to each pixel, and measuring the current flowing
in each pixel, it is possible to significantly reduce the time for
measuring the correction parameter. Furthermore, by not
forcefully correcting the luminance inclination which does
not bother the user, the power consumption can also be
reduced.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, it is
preferable that the measuring of luminance of the light emit-
ted from the pixel includes; applying a predetermined voltage
to the pixels included in the display panel such that the pixels
emit light simultaneously; and capturing, by a predetermined
measuring device, the light simultaneously emitted from the
pixels; and in the calculating of a luminance-voltage charac-
teristic, an image obtained by the capturing is obtained, lumi-
nance of each of the pixels is determined from the obtained
image, and the luminance-voltage characteristic of each of
the pixels is calculated using the predetermined voltage and
the determined luminance of the pixel.

According to this aspect, when obtaining the luminance-
voltage characteristic for each pixel, the light simultaneously
emitted from all of the pixels in the light-emitting panel is
captured at one time, without capturing light emitted from
each pixel by applying the predetermined voltage. Subse-
quently, based on the captured image, the luminance of the
light emitted from each pixel is determined by image process-
ing separating the light emitted from each pixel. Accordingly,
the time for capturing image is significantly reduced. Thus, it
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is possible to significantly simplify the process for obtaining
the luminance-voltage characteristic for each pixel defined in
the step above.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, it is
preferable that the predetermined measuring device is an
image sensor.

According to this aspect, the image of light emitted from all
ofthe pixels can be obtained at low noise, high sensitivity, and
high resolution. Thus, it is possible to obtain highly precise
luminance-voltage characteristic of each pixel by image pro-
cessing for separating the light emitted from each pixel.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, in the
calculating of a current-voltage characteristic of each pixel, a
position of the target pixel in the display panel may be deter-
mined, and when the target pixel is located near a boundary
with another neighboring divided region which does not
include the target pixel, the light-emitting efficiency and the
offset luminance value of the target pixel may be calculated
by weighting the light-emitting efficiency and the offset lumi-
nance value of the divided region which includes the target
pixel and the light-emitting efficiency and the offset lumi-
nance value of the other neighboring divided region at a
predetermined ratio, and a target luminance-voltage charac-
teristic of the target pixel for calculating a correction param-
eter of the target pixel may be calculated by multiplying each
current value of the representative current-voltage character-
istic by the light-emitting efficiency of the target pixel, and by
adding the offset luminance value of the target pixel to the
multiplied value, in the calculating of a correction parameter,
a correction parameter for the target pixel may be calculated
such that the luminance-voltage characteristic of the target
pixel calculated in the calculating of a luminance-voltage
characteristic of each pixel is corrected to the target lumi-
nance-voltage characteristic of the target pixel calculated in
the calculating of a target luminance-voltage characteristic.

When the correction parameter for each pixel included in
the divided region is calculated using only the light-emitting
efficiency of the divided region, and the video signal for each
pixel is corrected, the target luminance-voltage characteristic
is different for each divided region. Thus, there may be a
possibility that the boundaries of the divided regions reflect-
ing the difference in the target luminance-voltage character-
istic appear, making it impossible to display a smooth image.

According to this aspect, the position of the target pixel is
located, and when the pixel is located near the boundary with
the other neighboring divided regions, the light-emitting effi-
ciency and the offset luminance value of the pixel are calcu-
lated based on the light-emitting efficiency and the offset
luminance value of the divided region including the pixel and
the light-emitting efficiency and the offset luminance value of
the other neighboring divided regions. Subsequently, the tar-
get luminance-voltage characteristic as the target for calcu-
lating the correction parameter for the target pixel is calcu-
lated for the target pixel by multiplying each current value in
the representative voltage-current characteristic common to
the entire display panel by the light-emitting efficiency of the
target pixel and by adding the offset luminance value of the
target pixel to the multiplied value, and the correction param-
eter is calculated such that the luminance-voltage character-
istic of the target pixel is corrected to the target luminance-
voltage characteristic.

With this, the light-emitting efficiency and the offset lumi-
nance value of the pixel located near the boundary of the other
neighboring divided regions are set to be a light-emitting
efficiency and a offset luminance value calculated based on
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the light-emitting efficiency and the offset luminance value of
the divided region including the pixel and the light-emitting
efficiency and the offset luminance value of the other neigh-
boring divided regions, instead of the light-emitting effi-
ciency and the offset luminance value of the each divided
region. Thus, the variations between pixels arranged near the
boundary of the divided regions can be reduced. Accordingly,
it is possible to prevent the boundary of the divided regions
from appearing on screen, allowing a display of a smoother
image.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, in the
calculating of a current-voltage characteristic of each pixel,
when calculating the light-emitting efficiency and the offset
luminance value of the target pixel, it may be that the closer
the target pixel to the boundary with the other neighboring
divided region, the higher a ratio of the light-emitting effi-
ciency and the offset luminance value of the other neighbor-
ing divided region used for the weighting.

According to this aspect, when calculating the light-emit-
ting efficiency and the offset luminance value of the target
pixel, the weighting is performed, increasing the ratio of the
light-emitting efficiency and the offset luminance value of the
other neighboring divided regions, as the closer the position
of the pixel to the boundary of the other neighboring divided
regions. Accordingly, smoother images can be displayed.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, in the
calculating of a current-voltage characteristic of each pixel,
when calculating the light-emitting efficiency and the offset
luminance value of the target pixel, the light-emitting effi-
ciency and the offset luminance value of the target pixel may
be calculated according to a ratio between a distance from the
target pixel to the center of the divided region including the
target pixel and a distance from the target pixel to the center
of each of the other neighboring divided region.

According to this aspect, when calculating the light-emit-
ting efficiency and the offset luminance value of the target
pixel, the light-emitting efficiency and the offset luminance
value of the pixel are calculated according to a ratio of the
distance from the pixel to the center of the divided region to
which the pixel belongs to the distance from the pixel to the
center of the other neighboring divided region.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, in the
calculating of a light-emitting efficiency and a offset lumi-
nance value, the light-emitting efficiency and the offset lumi-
nance value calculated in a method of fabricating another
organic EL display apparatus fabricated under a same condi-
tion may be used as the light-emitting efficiency and the offset
luminance value of each of the divided regions.

According to this aspect, the light-emitting efficiency and
the offset luminance value of each divided region calculated
in the method of fabricating an organic EL display apparatus
can be used for the method of fabricating another organic EL
display apparatus fabricated under the same condition as the
organic EL display apparatus. Thus, it is possible to omit the
process for calculating the light-emitting efficiency and the
offset luminance value of the divided regions for each display
panel, each time the correction parameters for more than one
display panel are measured. Consequently, it is possible to
shorten the fabricating process of the apparatus.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, in the
obtaining of a representative current-voltage characteristic, a
representative current-voltage characteristic obtained in a
method of fabricating another organic EL display apparatus
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fabricated under a same condition may be used as the repre-
sentative current-voltage characteristic.

According to this aspect, the representative current-voltage
characteristic calculated in the method of fabricating one
organic EL display apparatus can be used for the method of
fabricating another organic EL display apparatus fabricated
under the same condition as the organic EL display apparatus.
Thus, it is possible to omit the process for setting the repre-
sentative voltage-current characteristic each time the correc-
tion parameters for more than one display panel are mea-
sured. Consequently, it is possible to shorten the fabricating
process of the apparatus.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, writing,
on a predetermined memory used for the display panel, the
correction parameter for each pixel calculated in the calcu-
lating of a correction parameter.

According to this aspect, the correction parameter for each
pixel is written on a predetermined memory used for the
display panel.

As described above, the display panel is divided into mul-
tiple divided regions, and the light-emitting efficiency indi-
cating the characteristic common to each divided region is
multiplied to each current value in the representative current-
voltage characteristic, and the offset luminance valueis added
to the multiplied value so as to calculate the luminance-
voltage characteristic of each divided region. Thus, the
amount of correction by the correction parameter of each
pixel is smaller than in the case when the correction parameter
is calculated using the representative voltage-luminance
characteristic common to the entire display panel. Thus, the
range of the values of the correction parameters for the pixels
can be made smaller, and it is possible to reduce the bit count
of the memory allotted to the value of the correction param-
eter. As a result, it is possible to reduce the capacity of the
memory, lowering the fabrication cost.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, in the
obtaining of a representative current-voltage characteristic, a
plurality of voltages may be applied to a plurality of pixels to
be measured to flow current in the pixels to be measured, the
current flowing in each of the pixels to be measured may be
measured for each of the voltages, and the representative
current-voltage characteristic may be calculated by averaging
the current-voltage characteristics of the pixels to be mea-
sured.

According to this aspect, the representative current-voltage
characteristic is calculated by applying multiple voltages to
flow current in the pixels to be measured, and by averaging the
current-voltage characteristics obtained for the pixels to be
measured. With this, only the current flowing in the pixels to
be measured is measured, instead of the current flowing in all
of the pixels included in the display panel. Thus, it is possible
to significantly shorten the time until the representative cur-
rent-voltage characteristic common to the entire display
panel is set.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, in the
obtaining of a representative current-voltage characteristic, a
plurality of common voltages may be simultaneously applied
to the pixels to be measured to flow current in each of the
pixels to be measured, a sum of the current flowing in the
pixels to be measured may be calculated for each of the
common voltages, and the representative current-voltage
characteristic may be calculated by dividing the sum of the
current flowing in the pixels to be measured by the number of
the pixels to be measured.
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Accordingtothis aspect, the representative current-voltage
characteristic common to the entire display panel may be
calculated by applying common voltages to the pixels to be
measured at one time, measuring the sum of the currents
flowing in the pixels to be measured, and by dividing the sum
of the measured currents by the number of the pixels to be
measured.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, a cor-
rection parameter may include a parameter indicating a ratio
of a voltage of the luminance-voltage characteristic of the
target pixel calculated in the calculating of a luminance-
voltage characteristic to a voltage of the luminance-voltage
characteristic of the divided region including the target pixel
calculated in the calculating of a luminance-voltage charac-
teristic of each divided region.

According to this aspect, the correction parameter is set to
be a gain indicating luminance gain in the luminance-voltage
characteristic of the target pixel calculated in the calculating
with respect to the luminance-voltage characteristic in the
divided region including the target pixel calculated in the
calculating.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, a cor-
rection parameter may include a parameter indicating a ratio
of a luminance of the luminance-voltage characteristic of the
target pixel calculated in the calculating of a luminance-
voltage characteristic to a luminance of the luminance-volt-
age characteristic of the divided region including the target
pixel calculated in the calculating of a luminance-voltage
characteristic of each divided region.

According to this aspect, the correction parameter is set to
be a gain indicating voltage gain in the luminance-voltage
characteristic of the target pixel calculated in the calculating
with respect to the luminance-voltage characteristic in the
divided region including the target pixel calculated in the
calculating.

In the method of fabricating an organic EL display appa-
ratus according to an aspect of the present invention, a cor-
rection parameter may include a parameter indicating a dif-
ference between a voltage of the luminance-voltage
characteristic of the target pixel calculated in the calculating
of a luminance-voltage characteristic and a voltage of the
luminance-voltage characteristic of the divided region
including the target pixel calculated in the calculating of a
luminance-voltage characteristic of each divided region.

According to this aspect, the correction parameter is set to
be an offset indicating the amount of voltage shift in the
luminance-voltage characteristic of the target pixel calculated
in the calculating with respect to the luminance-voltage char-
acteristic in the divided region including the target pixel cal-
culated in the calculating.

Furthermore, the present invention produces the effects
equivalent to the effects described above, not only as the
method of fabricating the organic EL display apparatus
including the characteristic steps, but also as an organic EL
display apparatus having the correction parameters generated
using the characteristic steps included in the method of fab-
ricating.

Embodiment 1

In this Embodiment, a fabricating process for generating a
correction parameter for correcting the unevenness in the
luminance of the display panel included in the organic EL
display apparatus according to the present invention, and
storing the correction parameter in the organic EL display
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apparatus shall be described. The stored correction parameter
is used in a display operation after the organic EL display
apparatus is shipped.

The following fabrication process includes (1) obtaining a
representative current-voltage characteristic common to an
entire display panel; (2) dividing the display panel into a
plurality of divided regions, applying voltage to the driving
device in each of the pixels, measuring a current flowing in
each of the divided regions and luminance of light emitted
from the divided region when the current is flowing in the
divided region, calculating a current-luminance characteris-
tic of the divided region according to the measured current
flowing in the divided region and the measured luminance of
the light emitted from the divided region, and calculating a
current-luminance conversion equation from the current-lu-
minance characteristic for each of the divided regions; (3)
measuring luminance of light emitted from each of the pixels
by a predetermined measuring device and calculating a lumi-
nance-voltage characteristic of each of the pixels; (4) calcu-
lating a luminance-voltage characteristic of each divided
region by the representative current-voltage characteristic
and the current-luminance conversion equation for the
divided region; (5) calculating a correction parameter for a
target pixel such that the luminance-voltage characteristic of
the target pixel is corrected to the luminance-voltage charac-
teristic of the divided region including the pixel; and (6)
writing, on a predetermined memory, the correction param-
eter for each pixel calculated in the calculating of a correction
parameter. With this, it is possible to set a constant current
flowing in each light-emitting device for the same specified
gray-scale, making the current load constant between the
light-emitting devices. Thus, the chronological unevenness in
the light-emitting devices included in the display panel can be
prevented.

The following shall describe the organic EL display appa-
ratus and the method of fabricating the organic EL display
apparatus according to the present invention shall be
described with reference to the drawings.

FIG. 1is a block diagram illustrating electric configuration
of the organic EL display device 1 according to Embodiment
of the present invention. The organic EL display apparatus 1
in FIG. 1 includes a control circuit 12 and a display panel 11.
The control circuit 12 includes a memory 121. The display
panel 11 includes a scanning line driving circuit 111, a data
line driving circuit 112, and a display unit 113. Note that, the
memory 121 may be provided inside the organic EL display
apparatus 1 and outside of the control circuit 12.

The control circuit 12 controls the memory 121, the scan-
ning line driving circuit 111, and the data line driving circuit
112. After the completion of the fabricating process accord-
ing to the fabricating method described in Embodiment 1,
correction parameters generated in the method of fabricating
the organic EL display apparatus according to the present
invention are stored in the memory 121. At the time of display
operation, the control circuit 12 reads the correction param-
eters written on the memory 121, and corrects the video signal
data input from outside, based on the correction parameter,
and outputs the corrected image signal data to the data line
driving circuit 112.

The control circuit 12 is also capable of driving the display
panel 11 according to an instruction of an outside information
processor by communicating with the information processor
during the fabricating process.

The display unit 113 includes multiple pixels, and displays
the image based on the input video signal from outside to the
organic EL display apparatus 1.
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FIG. 2 illustrates an example of circuit configuration of a
pixel in the display unit and a connection with circuits around
the pixel. A pixel 208 in FIG. 2 includes a scanning line 200,
adataline 201, a power supply line 202, a selection transistor
203, a driving transistor 204, an organic EL device 205, a
holding capacitor 206, and a common electrode 207. As the
peripheral circuits, a scanning line driving circuit 111 and a
data line driving circuit 112 are provided.

The scanning line driving circuit 111 is connected to the
scanning line 200, and is capable of controlling conduction
and non-conduction of the selection transistor 203 for the
pixel 208.

The data line driving circuit 112 is connected to the data
line 201, and is capable of outputting the data voltage and
determining the signal current flowing in the driving transis-
tor 204.

The selection transistor 203 has the gate connected to the
scanning line 200, and is capable of controlling the timing for
supplying a data voltage in the data line 201 to the gate of the
driving transistor 204.

The driving transistor 204 functions as a driving device,
and has the gate connected to the data line 201 via the selec-
tion transistor 203, the source connected to the anode of the
organic EL device 205, and the drain connected to the power
supply line 202. With this, the driving transistor 204 converts
the data voltage supplied to the gate to a signal current cor-
responding to the data voltage, and supplies the converted
signal current to the organic EL device 205.

The organic EL device 205 functions as a light-emitting
device, and the cathode of the organic EL device 205 is
connected to the common electrode 207.

The holding capacitor 206 is connected between the power
supply line 202 and the gate terminal of the driving transistor
204. The holding capacitor 206 is capable of, for example,
even when the selection transistor 203 is turned off, maintain-
ing the gate voltage immediately before, and supplying the
driving current from the driving transistor 204 to the organic
EL device 205 continuously.

Note that, although not illustrated in FIGS. 1 and 2, the
power supply line 202 is connected to the power supply. The
common electrode 207 is also connected to another power
supply. The data voltage supplied from the data line driving
circuit 112 is applied to the gate terminal of the driving
transistor 204 through the selection transistor 203. The driv-
ing transistor 204 passes a current according to the data volt-
age between the source terminal and the drain terminal. This
current flows into the organic EL device 205 and the organic
EL device 205 emits light at a luminance according to the
current.

Next, a fabricating system for implementing the method of
fabricating the organic EL display apparatus shall be
described.

FIG. 3 is a functional block diagram illustrating the fabri-
cating system used for the method of fabricating the organic
EL display device according to the present invention. The
fabricating system in FIG. 3 includes an information proces-
sor 2, an imaging device 3, an ammeter 4, a display panel 11,
and a control circuit 12.

The information processor 2 includes an operation unit 21,
astorage unit 22, and a communication unit 23, and is capable
of controlling the process until the correction parameter is
generated. As the information processor 2, a personal com-
puter is applied, for example.

The imaging device 3 captures an image of the display
panel 11 according to a control signal from the communica-
tion unit 23 in the information processor 2, and outputs the
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captured image data to the communication unit 23. A CCD
camera or a luminance meter is used as the imaging device 3,
for example.

The ammeter 4 measures the current flowing in the driving
transistor 204 and the organic EL device 205 in each pixel,
according to the control signals from the communication unit
23 in the information processor 2 and from the control circuit
12, and outputs the measured current value data to the com-
munication unit 23.

The information processor 2 outputs the control signals to
the control circuit 12, the imaging device 3, and the ammeter
4 in the organic EL display device 1 through the communi-
cation unit 23, obtains the measured data from the control
circuit 12, the imaging device 3, and the ammeter 4, stores the
measured data in the storage unit 22, and performs operations
in the operation unit 21 based on the stored measured data to
calculate the characteristic values and parameters. Note that,
a control circuit not incorporated in the organic EL display
apparatus 1 may be used as the control circuit 12.

More specifically, when setting representative current-
voltage characteristics (hereafter referred to as representative
1-V characteristics) which shall be described later, the infor-
mation processor 2 controls a voltage value to the measured
pixel and the ammeter 4 which measures the current flowing
in the measured pixel, and receives the measured current
value. Note that, here, the imaging device 3 may not be
provided. Furthermore, when measuring the current-lumi-
nance characteristic (hereafter referred to as the I-L charac-
teristic) of the organic EL, device which shall be described
later, the information processor 2 controls a voltage value to
the pixel to be measured, controls the imaging device 3,
controls the ammeter 4, and receives a measured luminance
value and a measured current value. Furthermore, when mea-
suring the luminance-voltage characteristics (hereafter
referred to as L-V characteristics) of each pixel, the informa-
tion processor 2 controls a voltage value to the measured
pixel, controls the imaging device 3, and receives the mea-
sured luminance value.

The control circuit 12 controls a voltage value to the pixel
208 in the display panel 11 by the control signal from the
information processor 2. Furthermore, the control circuit 12
is capable of writing the correction parameter generated by
the information processor 2 to the memory 121.

Next, the method of fabricating the organic EL display
apparatus according to the present invention shall be
described.

FIG. 4 is an operational flowchart illustrating a method of
fabricating an organic EL display apparatus according to
Embodiment 1 of the present invention. FIG. 5A illustrates
charts for illustrating characteristics obtained by the first pro-
cess group in the method of fabricating the organic EL display
device according to Embodiment 1 of the present invention.
FIG. 5B illustrates charts for illustrating characteristics
obtained by the second process group in the method of fab-
ricating the organic EL display device according to Embodi-
ment 1 of the present invention. FIG. 6 illustrates charts for
illustrating characteristics obtained by the third process group
in the method of fabricating the organic EL display device
according to Embodiment 1 of the present invention.

FIG. 4 illustrates process from generating an effective cor-
rection parameter for correcting variations in luminance in
the display panel included in the organic EL display apparatus
1 to store the correction parameter in the organic EL display
apparatus 1. The effective correction parameter is for mainly
correcting the variations in the driving transistors 204 so as to
suppress chronological degradation of the organic EL device
205. However, the correction parameter is generated without
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measuring current in each pixel 208. In order to generate the
correction parameter, in this method of fabricating, the dis-
play unit 113 is divided into divided regions each includes
multiple pixels 208, and the I-L characteristic of each divided
region is determined. Note that, the divided regions are
divided based on slight luminance inclination on the display
panel 11 caused by the fabrication process of the organic EL
device 205. Finally, correction parameters for the variations
mainly due to the variations in the driving transistors 204 are
generated by comparing the L-V characteristics for the
divided regions each derived from the I-L characteristics of
the divided regions, and the .-V characteristic of each pixel.

The following shall describe the fabricating process with
reference to FIG. 4.

First, the information processor 2 obtains and sets the
representative -V characteristics common to the entire dis-
play unit 113 including multiple pixels each having the
organic EL device 205 which is a light-emitting device and
the driving transistor 204 which is a driving device which is
voltage-driven and for controlling the supply of a current to
the organic EL device 205 (S01). FIG. 5A represents the
representative [-V characteristic common to the entire display
unit 113. The representative I-V characteristics is the charac-
teristics of the drain current corresponding to the voltage
applied to the gate of the driving transistor 204, and is non-
linear.

FIG. 7A is an operational flowchart illustrating the first
specific method for obtaining the representative I-V charac-
teristics. In this method, a pixel to be measured for determin-
ing the representative I-V characteristics is extracted from the
multiple pixels included in the display unit 113. This pixel to
be measured may be one pixel, or may be more than one
pixels selected based on a regularity or randomly selected.

First, the information processor 2 has the control circuit 12
to apply a data voltage to the pixel to be measured such that a
current flows in the pixel, causing the organic EL device 205
in the pixel to emit light (S11).

Next, the information processor 2 has the ammeter 4 to
measure the current in step S11 (S12). Steps 11 and 12 are
repeated for more than once for different data voltages. Steps
11 and 12 may be performed at the same time for multiple
pixels to be measured. Alternatively, steps 11 and 12 may be
repeatedly performed for each pixel to be measured.

Next, the information processor 2 calculates the 1-V char-
acteristics for each pixel to be measured by the operation unit
21, based on the data voltage and the current corresponding to
the data voltage obtained in steps S11 and S12 (S13).

Next, the information processor 2 calculates the represen-
tative [-V characteristics by averaging the I-V characteristics
obtained for each of the pixels to be measured (S14).

FIG. 7B is an operational flowchart illustrating the second
specific method for obtaining the representative I-V charac-
teristics. In this method, a pixel to be measured for determin-
ing the representative I-V characteristics is extracted from the
multiple pixels included in the display unit 113. This pixel to
be measured may be one pixel, or may be more than one
pixels selected based on a regularity or randomly selected.

First, the information processor 2 has the control circuit 12
to apply a common data voltage to the pixels to be measured
such that a current flows in the pixels at the same time. causing
the organic EL devices 205 in the pixels to emit light at the
same time (S15).

Next, the information processor 2 has the ammeter 4 to
measure the sum of currents flowing in the pixels to be mea-
sured in step S15 (S16). Steps 15 and 16 are repeated for more
than once for different data voltages.
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Next, the information processor 2 causes the operation unit
21 to divide the sum of the current values calculated in Steps
15 and 16 by the number of pixels to be measured (S17).

Next, the representative I-V characteristic is calculated by
performing step S17 for each data voltage (S18).

Calculating the representative I-V characteristics by the
method described in FIGS. 7A and 7B allows measuring the
current only for the pixels to be measured, instead of measur-
ing the currents flowing in all of the pixels included in the
display unit 113. Thus, it is possible to dramatically shorten
the time necessary for setting the representative I-V charac-
teristics common to the entire display unit 113.

Note that, the first and second specific methods for obtain-
ing the representative 1-V characteristics may not be pet-
formed for each organic EL display apparatus according to
the present invention. For example, the representative I-V
characteristics obtained in a method of fabricating another
organic EL display apparatus fabricated in the same condition
may be used as the representative -V characteristics of the
organic EL display apparatus without modification. Accord-
ingly, the representative I-V characteristics calculated in the
method of fabricating an organic EL display apparatus is used
in the method of fabricating another organic EL display appa-
ratus fabricated in the same condition as the organic EL
display apparatus. Therefore, it is possible to omit extra pro-
cess necessary for setting the representative [-V characteris-
tics each time the correction parameter of the display panels
is measured. Consequently, it is possible to shorten the fab-
ricating process of the apparatus.

The following shall describe the fabricating process with
reference to FIG. 4 again.

Next, the information processor 2 divides the display panel
into multiple divided regions, applies voltage to the driving
transistors 204 included in the pixels, measures current flow-
ing in each divided region and luminance of light emitted
from the divided region to calculate the I-L characteristic of
each divided region, and calculates the I-L, conversion equa-
tion for each divided region from the I-L characteristic (S02).
By executing the step S02, the I-L. characteristic of each
divided region illustrated in FIG. SA (b) is obtained. This I-L
characteristic can be approximated by the following linear
function using a slope p defined as light-emitting efficiency
and an offset luminance value q which is the luminance-axis
intercept of the I-L characteristic:

L=p*l+q

The matrix illustrated in FIG. 5A (¢) are coefficients of the I-L,
conversion equation (p, q) in each divided region calculated
by approximating the I-L characteristic of the divided region
by the equation 1.

FIG. 8A is an operational flowchart illustrating the first
specific method of calculating the coefficients of the I-L
conversion equation in each divided region. In this method, a
pixel to be measured for determining the I-L characteristic of
a divided region is extracted from the pixels included in the
divided region. This pixel to be measured may be one pixel, or
may be more than one pixels selected based on a regularity or
randomly selected. Alternatively, the pixels to be measured
may be all of the pixels included in the divided region.

First, the information processor 2 has the control circuit 12
to apply a data voltage simultaneously to the pixels to be
measured such that a current flows in the pixel, causing the
organic EL device 205 in the pixel to emit light (S21).

Next, the information processor 2 instructs the ammeter 4
to measure the current in step S21 (S22). Here, when the
pixels to be measured are all of the pixels in the divided region
or the multiple selected pixels, the sum of the current values

(Equation 1)
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is measured. Steps S21 and S22 are repeated for more than
once for different data voltages.

Next, the information processor 2 have the imaging device
3 to capture the light emitted in step S21 (S23). Steps S21 to
S23 are repeated for more than once for different data volt-
ages.

Next, the information processor 2 calculates the I-L char-
acteristic for each divided region by the operating unit 21
from the current and the corresponding luminance obtained in
steps S22 and S23, and calculates the coefficients (p, q) in the
I-L conversion equation described above for each divided
region (S24). Note that, when the pixels to be measured in the
divided region are all of the pixels in the divided region or
multiple selected pixels, the I-L characteristic for each
divided region is calculated using an average current value
obtained by dividing the sum of the current value by the
number of pixels to be measured as 1.

FIG. 8B is an operational flowchart illustrating the second
specific method of calculating the coefficients of the I-L
conversion equation in each divided region. The method
described in FIG. 8B is different from the method in FIG. 8A
in that the steps S21 to S23 are performed only once. This
method is applied only when the I-L characteristic is a pri-
mary expression passing the original point; that is, only when
it is assumed that the offset luminance value q is assumed to
be 0. In this method, a pixel to be measured for determining
the I-L characteristic of a divided region is extracted from
multiple pixels included in the divided region. This pixel to be
measured may be one pixel, or may be more than one pixels
selected based on a regularity or randomly selected. Alterna-
tively, the pixels to be measured may be all of the pixels
included in the divided region.

Note that, the first and second specific methods for calcu-
lating the coefficients of the I-L. conversion equation in each
divided region may not be performed for each of the organic
EL display apparatus according to the present invention. For
example, as the coefficients, the coefficients in the I-L. con-
version equation for each divided region obtained in the
method of fabricating the organic EL display apparatus
manufactured under the same condition may be used as the
coefficients for the organic EL display apparatus without
modification. With this, the light-emitting efficiency and the
offset luminance value of the each divided region calculated
by the method of fabricating an organic EL display apparatus
is used in the method of fabricating another organic EL dis-
play apparatus fabricated under the same condition as the
organic EL display apparatus. Thus, it is possible to omit the
extra process for calculating the light-emitting efficiency and
the offset luminance value for each display panel each time
the correction parameters for multiple display panels are
measured. Consequently, it is possible to shorten the fabri-
cating process of the apparatus.

The following shall describe the fabricating process with
reference to FIG. 4 again.

Next, the information processor 2 have the imaging device
3 to measure the luminance of the light emitted from each
pixel included in the display unit 113, and calculates the L-V
characteristics of each pixel (S03). Here, if the -V charac-
teristics of each pixel is measured by applying voltage to each
pixel and measure the luminance, it is necessary to measure
the luminance for the number of times as much as the number
of the pixels, increasing the time for measurement and fabri-
cating cost. In this Embodiment, the L-V characteristics of
each pixel can be determined by a measurement for all of the
pixels at once, without performing the measurement for the
number of times as much as the number of the pixels.
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FIG. 9A is an operational flowchart for describing a first
specific method for calculating the L-V characteristics for
each pixel. FIG. 9B illustrates the captured image when cal-
culating the L-V characteristics in each pixel.

First, the information processor 2 selects the color to be
measured (S31). In this embodiment, suppose that the display
unit 113 includes pixels 208 each having red (R), green (G),
and blue (B) sub pixels.

Next, the information processor 2 selects the gray-scale to
be measured (S32).

Next, the information processor 2 applies the voltages
according to the selected gray-scales to all of the sub pixels in
the selected color, causing all of the sub pixels to emit light
simultaneously (S33).

Next, the information processor 2 have the imaging device
3 capture the light emitted from the entire sub pixels at the
same time (S36). FIG. 9B illustrates an image captured by the
imaging device 3 showing the light-emitting state of the dis-
play unit 113 in a gray-scale, when red is selected. The grid
pattern on the entire diagram indicates unit pixels in the
light-receiving unit of the imaging device 3. Since the umt
pixel in the light-receiving unit of the imaging device 3 is
sufficiently small with respect to the captured sub pixels in R,
the luminance of each of the R sub pixel can be determined
based on this image.

Next, the information processor 2 changes the gray-scale to
be measured (No in S38), and performs steps S33 and S36.

Furthermore, when steps S33 and S36 end in all of the
gray-scales to be measured (Yes in S38), the color to be
measured is changed (No in S39), and steps S32 to S38 are
executed.

Furthermore, when steps S32 to S38 end for all of the
colors (Yes in S39), the information processor 2 obtains the
images obtained in steps S31 to S39, and determines the
luminance of each pixel based on the obtained image (S40).
In this step, the luminance value of the pixel in the region (2,
1) is calculated as an average value of output values of the
pixels in the imaging device belonging to the region (2, 1), for
example.

According to this method, when obtaining the L-V char-
acteristics of each pixel, the simultaneous light-emission of
all of the sub pixels in the light-emitting panel is captured at
one time, without capturing light emitted from each pixel by
applying the predetermined voltage. Subsequently, based on
the captured image, the luminance of the light emitted from
each sub pixel is determined by image processing separating
the light emitted from each pixel. Accordingly, itis possible to
significantly reduce the time for capturing image, consider-
ably simplifying the process for obtaining the [.-V character-
istics for each pixel.

FIG. 10A is an operational flowchart for illustrating the
second specific method of calculating coefficients for the L-V
characteristics for each pixel. FIG. 10B is a diagram for
illustrating a captured image when calculating the L-V char-
acteristics for each pixel. Furthermore, FIG. 10C is a state
transition diagram of the measured pixels that are selected.
The method illustrated in FIG. 10A is different from the
method illustrated in FIG. 9A in that steps S34 and S37 are
added. More specifically, the method illustrated in FIG. 10A
does not obtain the captured image by simultaneously caus-
ing all of the corresponding sub pixels to emit light in the
selected color or selected gray-scale. Instead, multiple cap-
tured images are obtained by causing the sub pixels to emit
light separately for multiple times. According to this method,
itispossible to avoid the interference of the light emitted from
the adjacent pixels, and to calculate highly precise luminance
value of each pixel.
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Note that, the imaging device 3 used for calculating the
L-V characteristics for each pixel in FIGS. 9A and 10A is
preferably an image sensor, and is more preferably a CCD
camera. With this, the image of emitted light from all of the
pixels can be obtained with low noise, high sensitivity, and
high resolution, allowing obtaining the highly precise L-V
characteristics for each pixel by image processing separating
the light emitted from each pixel.

The following shall describe the fabricating process with
reference to FIG. 4 again.

Next, when a pixel for which the correction parameter
should be generated is not at the boundary with the other
divided regions to which the pixel does not belong to (Yes in
step S04), the information processor 2 calculates the L-V
characteristic of the divided region by the representative -V
characteristic set in step S01 and the I-L conversion equation
for the divided region to which the pixel belongs to calculated
in step S02. More specifically, using the representative I-V
characteristic representing the display unit 113, Iin the I-L
characteristic in the divided region is converted to V by
parameter conversion, and the L-V characteristic for the
divided region is obtained.

The parameter conversion shall be specifically described
using (d) in FIG. 5B. For example, in the divided region
matrix of the coefficients (p, q) in (c) in FIG. 5A, the L-V
characteristic of the top-left divided region (coefficients (10,
-2) is calculated as follows. First, the slope p is multiplied to
the parameter I of the representative 1-V characteristic. The
offset luminance value q is added to the multiplied value.
With this, the parameter I in the representative I-V character-
istic is converted to L in the divided region. As described
above, the L-V characteristic in each divided region is calcu-
lated (S05).

Subsequently, the information processor 2 has the opera-
tion unit 21 calculate the correction parameter for correcting
the I-V characteristics of each pixel calculated in step S03 to
the representative I-V characteristics calculated in step S01,
for each pixel (S06).

On the other hand, when the pixel for which the correction
parameter should be generated is near the boundary with the
other divided region to which the pixel does not belong to (No
in step S04), the information processor 2 calculates the target
L-V characteristic which is the target for calculating the cor-
rection parameter of the pixel from the representative I-V
characteristic set in step S01 and the I-L conversion equation
in the divided region to which the pixel belongs to, and the I-L,
conversion equation for the other divided regions calculated
in step S02. The parameter conversion shall be specifically
described with reference to FIG. 11.

FIG. 11 is a diagram for illustrating a method of weighting
coefficients of pixels at the boundary of the divided regions.
As illustrated in FIG. 11, when the pixel 1 exists at the
boundary region of the divided regions 1to 4, if the correction
parameter is generated using steps S05 and S06, the differ-
ence in luminance around the boundary of the divided regions
may be noticeable in the corrected image. According to this
method, when generating the correction parameter for the
pixel 1, the L-V characteristic for the correction target is the
L-V characteristic derived from the [-L characteristic with
weighted slope p and offset luminance value q among the
adjacent divided regions, instead of setting the L-V charac-
teristic of the divided region 1 to which the pixel 1 belongs to
as the correction target .-V characteristic. More specifically,
the correction target L-V characteristic is calculated using the
coeflicients (p1, q1) of the weighted I-L conversion equation
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(S07). In FIG. 11, the coefficient pl of the weighted I-L
conversion equation using the coefficients (p, q) in the adja-
cent divided regions 1 to 4 is

p1={(1048)/2+(14+2)2}/2=8.5 (Equation 2)

Furthermore, the coefficient ql in the weighted 1-L. conver-
sion equation is

F1={((~2H(=5)/2+((=31+(=4))/2}2==3.5 (Equation 3)

Next, the information processor 2 calculates the correction
target L-V characteristic from the representative I-V charac-
teristic set in step S01 and the coefficients (p1, q1) in the I-LL
conversion equation weighted in step S07. More specifically,
using the representative I-V characteristic representing the
display unit 113, I in the weighted I-L characteristic is con-
verted to V by parameter conversion, and the correction target
L-V characteristic is obtained. In this case, in the divided
region matrix with the coefficients (p1, q1), I in the represen-
tative I-V characteristic is multiplied by the slope pl1. The
offset luminance value ql is added to the multiplied value.
With this, the parameter I in the representative I-V character-
istic is converted by L of the correction target by parameter
conversion. As described above, the correction target L-V
characteristic is calculated (S08).

Subsequently, the information processor 2 has the opera-
tion unit 21 calculate the correction parameter for correcting
the I-V characteristics of each pixel calculated in step S03 to
the representative I-V characteristics calculated in step S01,
for each pixel (S09). By steps S07 to S09, the variations
between the pixels arranged near the boundary of the divided
regions can be reduced. Accordingly, it is possible to prevent
the boundary ofthe divided regions from appearing on screen,
allowing a display of a smoother image.

Note that, in step S07, when calculating the slope p1 and
the offset value q1 of the pixel to be corrected, it is preferable
that the weighting is performed such that the higher the ratio
ofthe light-emitting efficiency and the offset luminance value
of the other divided regions the closer the pixel is to the
boundary of the other divided regions.

Furthermore, in step S07, when calculating the slope pl
and the offset luminance value q1 of the pixel to be corrected,
the light-emitting efficiency and the offset luminance value
may be calculated according to the ratio of the distance from
the pixel to the center of the divided region to which the pixel
belongs to and the distance from the pixel to the center of the
other divided regions. The weighting enables a display of a
smoother image.

Here, the correction parameter calculated in steps S06 and
S09 shall be described.

FIG. 12A is a graph illustrating luminance-voltage charac-
teristic when calculating correction values for voltage gain
and voltage offset in a method of fabricating the organic EL
display apparatus according to Embodiment of the present
invention. In FIG. 12A, the correction parameter includes a
voltage gain indicating a ratio of a voltage value of the L-V
characteristic of the pixel to be corrected calculated in step
S03 and the voltage value of the divided region or the correc-
tion target calculated in step S05 or step S08. Furthermore,
the correction parameter described in FIG. 12A includes the
voltage offset indicating the difference between the voltage
value of the L-V characteristic in the pixel to be corrected
calculated in step S03 and the voltage value in the L-V char-
acteristic in the divided region or the correction target calcu-
lated in step SO5 or step SO08.

FIG. 12B is a graph indicating the luminance-voltage char-
acteristic when calculating a correction value for the lumi-
nance gain in the method of fabricating the organic EL dis-
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play apparatus according to Embodiment 1 of the present
invention. In FIG. 12B, the correction parameter includes a
luminance gain indicating a ratio of a luminance value of the
L-V characteristic in the pixel to be corrected calculated in
step S03 to the luminance value in the L-V characteristic of
the divided region or the correction target calculated in step
S05 or step 508.

Note that, the correction parameter described above is not
limited to the combination illustrated in FIGS. 12A and 12B,
but may include at least one of three types; namely, the volt-
age gain, voltage offset, and luminance gain.

The following shall describe the fabricating process with
reference to FIG. 4 again.

Finally, the information processor 2 writes the correction
parameter for each pixel calculated in steps S06 and S09 to
the memory 121 in the organic EL display apparatus 1 (S10).
More specifically, as illustrated in (f) in FIG. 6, the correction
parameters including (the voltage gain and the voltage offset)
for each pixel are stored corresponding to the matrix of the
display unit 113 (M rowsxN columns), for example.

FIG. 13A is a graph indicating the amount of offset and
offset width when a correction parameter is generated in the
conventional fabrication method. FIG. 13B is a graph indi-
cating the amount of offset and the offset width when a
correction parameter is generated in the method of fabricating
the organic EL display apparatus according to Embodiment
of the present invention. In the method of fabricating the
organic EL display apparatus according to the present inven-
tion, the light-emitting efficiency indicating the characteristic
common to the divided region is multiplied by each current
value in the representative current-voltage characteristic, and
the offset luminance value is added to the multiplied value so
as to calculate the luminance-voltage characteristic of the
divided region. Accordingly, compared to the case illustrated
in FIG. 13A when the correction parameter is calculated
using the representative voltage-luminance characteristic as
the correction target, the amount of correction by the correc-
tion parameter of each pixel described in FIG. 13B is small.
Accordingly, the range indicating the value of the correction
parameter for each pixel (the offset width in the drawing) is
small, and thus it is possible to reduce the bit count of the
memory allotted to the value of the correction parameter. As
a result, it is possible to reduce the capacity of the memory
121, lowering the fabricating cost.

According to the conventional method of generating the
correction parameters, the luminance-voltage characteristics
of each pixel calculated by measuring the luminance of the
light emitted from the pixel included in the display panel
reflects both the variations in the organic EL device and the
variations in the driving transistor. When a correction param-
eter for correcting both of the variations is calculated and the
image signal from outside is corrected using the correction
parameter, the correction includes the corrections to the varia-
tions in the organic EL, device. Accordingly, this correction
makes the luminance of the light emitted from the organic EL
device uniform with respect to the image signal having the
same gray-scale for the entire display panel.

However, due to the variations in the characteristics of the
organic EL device, the luminance when the same current
flows is different between the organic EL devices. Accord-
ingly, the amount of current flowing in each pixel is different.
Accordingly, in this case, due to the fact that the product life
of the organic EL device depends on the amount of current,
the product life of each light-emitting device varies as the
time passes. The variation in product life consequently
appears as uneven luminance on screen.
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In response to this problem, in this Embodiment, only the
variation in driving transistor is corrected, maintaining the
amount of current flowing into the organic EL devices for the
image signal of the same gray-scale at the same value. This is
because, although the variations in the driving transistors
between the devices are large, the variations in the organic EL
devices between the devices are very small, and thus correct-
ing only the variations in the driving transistors enables dis-
playing of a uniform image to human eye without correcting
variations in the organic EL devices.

According to this Embodiment, the L-I characteristics of
the divided region including the pixels to be corrected is the
characteristics including the variations in the organic EL
devices. Accordingly, converting the L-V characteristics of
the pixel to be corrected to the I-V characteristics of each
pixel using the L-I characteristics of the divided region
including the pixels to be corrected means calculating the
correction parameter for mainly correcting the variations in
the driving transistor.

FIG. 14 illustrates the effect of the organic EL display
apparatus corrected by the method of fabricating the organic
EL display apparatus according to the present invention. The
display panel in the organic EL display apparatus before
correction has a luminance distribution reflecting both the
luminance distribution due to the organic EL device and the
luminance distribution due to the driving transistor. In con-
trast, according to the method of fabricating the organic EL
display apparatus according to the present invention, the
variations in the driving transistors are mainly corrected.
Accordingly, in the display panel after the correction,
although the luminance inclination due to variations in the
organic EL devices remains, it is possible to maintain the
current flowing into each organic EL device constant with
respect to the specified same gray scale, setting the current
load between the organic EL devices constant. Accordingly, it
is possible to set the current flowing into each organic EL
device constant, suppressing the variation in the product life
of each light-emitting device included in the display panel as
time passes. As a result, it is possible to prevent the uneven
luminance due to the variations in the product life of the
light-emitting device from appearing on screen. Note that, the
luminance inclination due to the variation in the organic EL
device remains in the display panel after the correction is the
luminance inclination which cannot be detected by human
vision.

Furthermore, according to this Embodiment, the L-V char-
acteristics including both the variations in the organic EL
devices and the variations in the driving transistors in each
pixel and the light-emitting efficiency and the offset lumi-
nance value of each of the divided regions are measured in
order to obtain the correction parameter for correcting the
variations in the driving transistors, instead of measuring the
variations of the driver transistors themselves in the pixels. In
other words, the light-emitting efficiency and the offset lumi-
nance value of each divided region is calculated by dividing
the display panel into multiple divided regions, and measur-
ing the current flowing in the divided region and the lumi-
nance of the divided region when the current is flowing in the
divided region. In other words, by calculating the light-emit-
ting efficiency and the offset luminance value of each divided
region, it is possible to clarify the variations in the light-
emitting devices between the divided regions. This is
because; the organic EL device varies for a predetermined
region, rather than for each pixel. Furthermore, the L-V char-
acteristic of each pixel allows measuring the pixels at the
same time using a CCD camera, for example. With this,
compared to the case in which the variations in the driving
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transistor is measured by applying voltage to each pixel, and
measuring the variation in the driving transistor by measuring
the current flowing in each pixel, it is possible to significantly
reduce the time for measuring the correction parameter.

Note that, in the method of fabricating the organic EL
display apparatus according to the present invention, the dis-
play panel is divided into the divided regions. However, it is
preferable that the division reflects the luminance inclination
due to the variations in the characteristics of the organic EL
devices.

FIG. 15A indicates luminance distribution on a display
panel when the light-emitting layer is formed by vapor depo-
sition. When the light-emitting layer is formed by vapor depo-
sition, the thickness of light-emitting layer at the central part
of the display unit 113 increases, and thus a concentric-
circular thickness distribution is formed. Accordingly, the
light-emitting efficiency and the offset luminance value of the
organic EL device have a concentric-circular distribution. In
this case, by dividing the divided region into the concentric-
circular shape as shown in FIG. 15A, consequently, it is
possible to obtain highly precise correction parameter for
mainly correcting the variation in the driving transistors 204.

FIG. 15B indicates the luminance distribution on the dis-
play panel when the light-emitting layer is formed by inkjet
printing. When scanning the ink-jet head and printing the
light-emitting layer on the display unit 113, the light-emitting
efficiency changes in the scanning direction due to difference
in environment at the time of drying the ink and others.
Furthermore, the amount of injection from a nozzle of an
ink-jet heat mildly varies in the longitudinal direction of the
ink-jet head. Thus, the light-emitting efficiency varies in a
direction vertical to the scanning direction. When the distri-
bution of light-emitting efficiency is not monotonous as in
this example, it is preferable that the divided region should be
divided in small regions. As a result, it is possible to obtain the
highly precise correction parameter for mainly correcting the
variation in the driving transistor.

Embodiment 2

In Embodiment 2, a case in which the organic EL display
apparatus has the display panel to perform display operation
using a correction parameter generated by a method of fabri-
cating the organic EL display apparatus according to the
present invention.

FIG. 16 is a drawing for illustrating the operations for
correcting the voltage gain and the voltage offset at the time of
display operation in the organic EL display apparatus accord-
ing to Embodiment 2 of the present invention.

The control circuit 12 reads a correction parameter (voltage
gain, voltage offset) stored in Embodiment 1 from the
memory 121, and the data voltage corresponding to the video
signal is multiplied by the voltage gain, the voltage offset is
added to the multiplied value, and the calculated value is
output to the data line driving circuit 112. This allows the
currents flowing in each of the organic EL devices constant
with respect to the specified same gray scale, setting a con-
stant current load on the organic EL devices. Accordingly, it
is possible to set the current flowing into each organic EL
device constant, suppressing the variation in the product life
of each light-emitting device included in the display panel as
time passes. As a result, it is possible to prevent the uneven
luminance due to the variations in the product life of the
light-emitting device from appearing on screen.
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FIG. 17 is a drawing for illustrating the operations for
correcting the voltage gain at the time of display operation in
the organic EL display apparatus according to Embodiment 2
of the present invention.

The control circuit 101 corrects and converts the video
signal input from outside to a voltage signal corresponding to
each pixel. The memory 102 stores the luminance gain and
the representative LUT corresponding to each pixel unit.

The control circuit 101 in FIG. 16 includes a correction
block 601 and a conversion block 602. When an input of the
video signal from outside is received, the correction block
601 reads the luminance gain in row a, column b from the
memory 102 with respect to the input current signal in row a
and column b, and corrects the luminance signal. The conver-
sion block 602 converts the corrected luminance signal to the
voltage signal in row a and column b corresponding to the
video signal, based on the representative conversion curve
stored in the memory 102. The correction block 601 includes
a pixel position detecting unit 611, a video-luminance con-
version unit 612, and multiplying unit 613, and the conversion
block 602 includes a luminance-voltage conversion unit 614
and a driving circuit timing controller 615.

The pixel position detecting unit 611 detects pixel position
information of the video signal by a synchronization signal
simultaneously input with the video signal from outside.
Here, it is assumed that the detected pixel position is row a and
column b.

The video-current conversion unit 612 reads, from the
video-luminance conversion LUT stored in the memory 102,
a luminance signal corresponding to the video signal.

The multiplying unit 613 corrects the luminance signal by
multiplying the luminance gain corresponding to each pixel
unit stored in the memory 102 in Embodiment 1 with the
luminance signal. More specifically, the luminance gain k in
row a and column b is multiplied by the luminance signal
value in row a and column b, generating the luminance signal
in row a and column b affer correction.

Note that, the multiplying unit 613 may correct the lumi-
nance signal by a calculation other than multiplication such as
a division of the luminance gain corresponding to each pixel
unit stored in the memory 102 in Embodiment 1 by the lumi-
nance signal obtained by converting the video signal input
from outside.

The luminance-voltage conversion unit 614 reads the volt-
age signal in row a and column b corresponding to the cor-
rected luminance signal in row a and column b output from
the multiplying unit 613 from the representative LUT derived
from the representative conversion curve stored in the
memory 102.

Finally, the control circuit 101 outputs the converted volt-
age signal in row a and column b to the data line driving
circuit 112 through the driving circuit timing controller 615.
The voltage signal is converted to an analog voltage and input
to the data line driving circuit, or converted to an analog
voltage in the data line driving circuit. Subsequently, the
converted signal is supplied to each pixel from the data line
driving circuit 112 as the data voltage.

According to Embodiment 2, the video signal input from
outside is converted to the luminance signal for each pixel
unit by the correction block 601 and the conversion block
602, and the luminance signal for each pixel unit is corrected
to the predetermined reference luminance. After that, the
luminance signal in each pixel unit is converted into a voltage
signal, and outputs the converted voltage signal is output to
the driving circuit of the data line.

With this, the data stored for each pixel unit is the lumi-
nance gain corresponding to each pixel unit and the lumi-
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nance gain for setting the luminance of the video signal cor-
responding to each pixel unit to the predetermined reference
luminance. Accordingly, it is not necessary for preparing a
conventional luminance signal-voltage signal conversion
table for converting the luminance signal corresponding to
the video signal to the voltage signal for each pixel unit, and
the amount of data prepared for each pixel unit can be sig-
nificantly reduced. In addition, predetermined information
regarding the representative conversion curve indicating the
voltage-luminance characteristics common to the pixel units
are held in common with the pixel units. This is a fraction of
amount of data.

Accordingly, it is possible to significantly reduce the
amount of data necessary for correcting the current varying
for each pixel unit of the display panel to obtain the video
signal having the luminance common to the entire screen.
Therefore, the manufacturing cost s significantly reduced. As
aresult, it is possible to reduce the manufacturing cost and the
processing load at the time of driving, implementing an even
display on the entire screen.

Furthermore, the predetermined information indicating the
representative conversion curve corresponding to the voltage-
luminance characteristic common to the pixel units is one,
common to the pixel units, and thus the memory capacity can
be reduced to minimum.

Here, the luminance gain used in the correction block 601
is a correction parameter generated in the method of fabricat-
ing the organic EL display apparatus according to the present
invention and stored in the memory. The representative con-
version curve may be the representative [-V characteristic set
in step S01 in the method of manufacturing the organic EL
display apparatus according to the present invention.

With this, even when the luminance gain is set as the
correction parameter as illustrated in FIG. 17, it is possible to
set a same current flowing in the light-emitting devices for the
same specified gray-scale, making the current load constant
between the light-emitting devices. Accordingly, itis possible
to set the current flowing into each organic EL, device con-
stant, suppressing the variation in the product life of each
light-emitting device included in the display panel as time
passes. As a result, it is possible to prevent the uneven lumi-
nance due to the variations in the product life of the light-
emitting device from appearing on screen.

Although only some exemplary embodiments of the
organic EL display apparatus and the method of manufactur-
ing the organic EL display apparatus according to the present
invention 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 this
invention. Accordingly. all such modifications and appliances
including the organic EL display apparatus according to the
present invention are intended to be included within the scope
of this invention.

For example, the organic EL display apparatus according
to the present invention and the method of fabricating the
organic EL display apparatus are incorporated in a thin flat
TV as illustrated in FIG. 18. The organic EL display appara-
tus and the method of manufacturing the organic EL display
apparatus allows an implementation of low-cost thin flat tele-
vision having a long-life display with uneven luminance sup-
pressed.

Furthermore, in the embodiments 1 and 2, the term “volt-
age” in the representative current-voltage characteristics
(representative I-V characteristics) and the luminance-volt-
age characteristics (L-V characteristics ) may not only refer to
an analog voltage value, but also a voltage signal representing
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a gray-scale. More specifically, in the embodiments 1 and 2,
the representative current-voltage characteristic (representa-
tive I-V characteristic) and the luminance-voltage character-
istic (L-V characteristic) include a representative character-
istic between a current and a voltage signal and a
characteristic between a luminance and a voltage signal,
respectively.

Although only some exemplary embodiments of this
invention 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 this
invention. Accordingly, all such modifications are intended to
be included within the scope of this invention.

INDUSTRIAL APPLICABILITY

The present invention is particularly useful for an organic
EL flat panel display including an organic EL display appa-
ratus, and is suitably used as a display apparatus of a display
which requires uniform image quality and the method of
manufacturing the display apparatus.
What is claimed is:
1. A method of fabricating an organic EL display appara-
tus, comprising:
obtaining a representative current-voltage characteristic
common to an entire display panel including a plurality
of pixels each having a light-emitting device and a driv-
ing device which is voltage-driven and controls a current
supply to the light-emitting device;
dividing the display panel into a plurality of divided
regions, applying voltage to the driving device in each of
the pixels, measuring a current flowing in each of the
divided regions and luminance of light emitted from the
divided region when the current is flowing in the divided
region, calculating a current-luminance characteristic of
the divided region according to the measured current
flowing in the divided region and the measured lumi-
nance of the light emitted from the divided region, and
calculating a light-emitting efficiency and a offset lumi-
nance value for each of the divided regions, the light-
emitting efficiency being a slope of the current-lumi-
nance characteristic, and the offset luminance value
being an intercept of a luminance axis of the current-
luminance characteristic;
measuring luminance of light emitted from each of the
pixels in the display panel by a predetermined measur-
ing device and calculating a luminance-voltage charac-
teristic of each of the pixels according to the measured
luminance of the light emitted from the pixel;

calculating a luminance-voltage characteristic of each
divided region by multiplying each current value of the
representative current-voltage characteristic by light-
emitting efficiency of each divided region, and by add-
ing, to the multiplied value, an offset luminance value
calculated for each divided region; and

calculating a correction parameter for a target pixel such

that the luminance-voltage characteristic of the target
pixel calculated in the calculating of a luminance-volt-
age characteristic of each pixel is corrected to the lumi-
nance-voltage characteristic of a divided region to which
the target pixel belongs to, the luminance-voltage char-
acteristic of the divided region being calculated in the
calculating of a luminance-voltage characteristic of each
divided region.

2. The method of fabricating the organic EL display appa-
ratus according to claim 1,



US 9,202,412 B2

27

wherein, the measuring of luminance of the light emitted
from the pixel includes;

28

and a distance from the target pixel to the center of each
of the other neighboring divided region.

7. The method of fabricating the organic EL display appa-
ratus according to claim 1,
wherein, in the calculating of a light-emitting efficiency
and a offset luminance value, the light-emitting effi-
ciency and the offset luminance value calculated in a
method of fabricating another organic EL display appa-
ratus fabricated under a same condition is used as the
10 light-emitting efficiency and the offset luminance value
of each of the divided regions.
8. The method of fabricating the organic EL display appa-
ratus according to claim 1,
wherein, in the obtaining of a representative current-volt-

applying a predetermined voltage to the pixels included in
the display panel such that the pixels emit light simulta-
neously; and 5

capturing, by a predetermined measuring device, the light
simultaneously emitted from the pixels; and

in the calculating of a luminance-voltage characteristic,

an image obtained by the capturing is obtained,

luminance of each of the pixels is determined from the
obtained image, and

the luminance-voltage characteristic of each of the pixels is
calculated using the predetermined voltage and the

determined luminance of the pixel.

ek ) ) 15 age characteristic, a representative current-voltage char-

3. The me.thod of fgbncatlng the organic EL display appa- acteristic obtained in a method of fabricating another

ratus according to claim 2, organic EL display apparatus fabricated under a same

wherein the predetermined measuring device is an image condition is used as the representative current-voltage
sensor. characteristic.

4. The method of fabricating the organic EL display appa- 20 9. The method of fabricating the organic EL display appa-

ratus according to claim 2,

wherein, in the calculating of a current-voltage character-
istic of each pixel, a position of the target pixel in the
display panel is determined, and when the target pixel is
located near a boundary with another neighboring
divided region which does not include the target pixel,
the light-emitting efficiency and the offset luminance
value of the target pixel are calculated by weighting the
light-emitting efficiency and the offset luminance value

25

ratus according to claim 1, further comprising
writing, on a predetermined memory used for the display

panel, the correction parameter for each pixel calculated
in the calculating of a correction parameter.
10. The method of fabricating the organic EL display appa-

ratus according to claim 1,
wherein, in the obtaining of a representative current-volt-

age characteristic, a plurality of voltages are applied to a
plurality of pixels to be measured to flow current in the

of the divided region which includes the target pixel and 30 pixels to be measured,

the light-emitting efficiency and the offset luminance the current flowing in each of the pixels to be measured is

value of the other neighboring divided region at a pre- measured for each of the voltages, and

determined ratio, and the representative current-voltage characteristic is calcu-
atarget luminance-voltage characteristic of the target pixel lated by averaging the current-voltage characteristics of

for calculating a correction parameter of the target pixel 35 the pixels to be measured.

is calculated by multiplying each current value of the
representative current-voltage characteristic by the
light-emitting efficiency of the target pixel, and by add-
ing the offset luminance value of the target pixel to the

11. The method of fabricating the organic EL display appa-

ratus according to claim 1,
wherein, in the obtaining of a representative current-volt-

age characteristic, a plurality of common voltages are

multiplied value, 40 simultaneously applied to the pixels to be measured to
in the calculating of a correction parameter, a correction flow current in each of the pixels to be measured,
parameter for the target pixel is calculated such that the a sum of the current flowing in the pixels to be measured is
luminance-voltage characteristic of the target pixel cal- calculated for each of the common voltages, and
culated in the calculating of a luminance-voltage char- the representative current-voltage characteristic is calcu-
acteristic of each pixel is corrected to the target lumi- 45 lated by dividing the sum of the current flowing in the

nance-voltage characteristic of the target pixel
calculated in the calculating of a target luminance-volt-
age characteristic.

5. The method of fabricating the organic EL display appa-

pixels to be measured by the number of the pixels to be
measured.
12. The method of fabricating the organic EL display appa-

ratus according to claim 1,

ratus according to claim 4, 50 wherein a cotrection parameter includes a parameter indi-
wherein, in the calculating of a current-voltage character- cating a ratio of a voltage of the luminance-voltage char-
istic of each pixel, when calculating the light-emitting acteristic of the target pixel calculated in the calculating
efficiency and the offset luminance value of the target of a luminance-voltage characteristic to a voltage of the
pixel, the closer the target pixel to the boundary with the luminance-voltage characteristic of the divided region
other neighboring divided region, the higher a ratio of 55 including the target pixel calculated in the calculating of

the light-emitting efficiency and the offset luminance
value of the other neighboring divided region used for
the weighting.

6. The method of fabricating the organic EL display appa-

a luminance-voltage characteristic of each divided
region.
13. The method of fabricating the organic EL display appa-

ratus according to claim 1,

ratus according to claim 5, 60  wherein a correction parameter includes a parameter indi-
wherein, in the calculating of a current-voltage character- cating a ratio of a luminance of the luminance-voltage
istic of each pixel, when calculating the light-emitting characteristic of the target pixel calculated in the calcu-
efficiency and the offset luminance value of the target lating of a luminance-voltage characteristic to a lumi-
pixel, the light-emitting efficiency and the offset lumi- nance of the luminance-voltage characteristic of the
nance value of the target pixel are calculated according 65 divided region including the target pixel calculated in

to a ratio between a distance from the target pixel to the
center of the divided region including the target pixel

the calculating of a luminance-voltage characteristic of
each divided region.
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14. The method of fabricating the organic EL display appa-
ratus according to claim 1,

wherein a correction parameter includes a parameter indi-
cating a difference between a voltage of the luminance-
voltage characteristic of the target pixel calculated in the
calculating of a luminance-voltage characteristic and a
voltage of the luminance-voltage characteristic of the
divided region including the target pixel calculated in
the calculating of a luminance-voltage characteristic of
each divided region.

15. The method of fabricating the organic EL display appa-

ratus according to claim 1,

wherein the representative current-voltage characteristic
and the luminance-voltage characteristic are a represen-
tative characteristic between a current and a voltage
signal and a characteristic between a luminance and a
voltage signal, respectively.

16. An organic EL display apparatus comprising:

a plurality of pixels each including a light-emitting device
and a driving device for controlling a current supply to
the light-emitting device;

a plurality of data lines for supplying a signal voltage to
each of the pixels;

aplurality of scanning lines for supplying a scanning signal
to each of the pixels;

adataline driving circuit for supplying the signal voltage to
the data lines;

a scanning line driving circuit for supplying the scanning
signal to the scanning lines;

astorage unit configured to store predetermined correction
parameters for each of the pixels; and

a correction unit configured to read, from the storage unit,
the predetermined correction parameters corresponding
to each of the pixels to correct the video signal corre-
sponding to each of the pixels, when an input of a video
signal is provided from outside,

[
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wherein the predetermined correction parameters are gen-

erated by the following:

obtaining a representative current-voltage characteristic

common to an entire display panel including the pixels;

dividing the display panel into a plurality of divided

regions, applying voltage to the driving device in each of
the pixels, measuring a current flowing in each of the
divided regions and luminance of light emitted from the
divided region when the current is flowing in the divided
region, calculating a current-luminance characteristic of
the divided region, and calculating a light-emitting effi-
ciency and an offset luminance value for each of the
divided regions, the light-emitting efficiency being a
slope of the current-luminance characteristic, and the
offset luminance value being an intercept of a luminance
axis of the current-luminance characteristic;

measuring luminance of light emitted from each of the

pixels in the display panel by a predetermined measur-
ing device and calculating a current-voltage character-
istic of each of the pixels;

calculating a luminance-voltage characteristic of each

divided region by multiplying each current value of the
representative current-voltage characteristic by light-
emitting efficiency of each divided region, and by add-
ing, to the multiplied value, a offset luminance value
calculated for the divided region; and

calculating a correction parameter for a target pixel for

correcting the luminance-voltage characteristic of the
target pixel to the luminance-voltage characteristic of a
divided region to which the target pixel belongs to, the
luminance-voltage characteristic of the divided region
being calculated in the calculating of a luminance-volt-
age characteristic of each divided region.

I S T T
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