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7) ABSTRACT

A method of manufacturing an organic electroluminescence
display includes preparing a substrate including pixels. The
pixels each include a drive transistor and a capacitor. The
capacitor of a subject pixel is caused to hold a voltage which
corresponds to a threshold voltage of the drive transistor, and
the voltage is read. A first signal voltage is obtained by adding
a first correction parameter of the subject pixel to a second
signal voltage corresponding to a single gradation level
belonging to an intermediate gradation region or a high gra-
dation region of representative voltage-luminance character-
istics. The first signal voltage is applied to the driver of the
subject pixel, and a luminance emitted by the subject pixel is
measured. A second correction parameter with which the
luminance emitted by the subject pixel becomes a standard
luminance is calculated.
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FIG. 10
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ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE MANUFACTURING
METHOD AND ORGANIC
ELECTROLUMINESCENCE DISPLAY
DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Applica-
tion No. PCT/JP2010/002475 filed on Apr. 5, 2010, designat-
ing the United States of America, the disclosure of which,
including the specification, drawings and claims, is incorpo-
rated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescence (EL) display device manufacturing method
and to an organic EL display device.

[0004] 2. Description of the Related Art

[0005] Image display devices (organic EL displays) using
organic electroluminescence elements (OLED: Organic
Light-Emitting Diodes) are well-known as image display
devices using current-driven light-emitting elements. Due to
such advantages as excellent viewing angle characteristics
and low power consumption, such organic EL displays have
gained much attention as candidates for next-generation flat
panel displays (FPDs).

[0006] Inorganic EL display devices, organic EL elements
included in pixels are normally arranged in a matrix. In an
organic EL display referred to as a passive-matrix organic EL.
display, an organic EL element is provided at each crosspoint
between row electrodes (scanning lines) and column elec-
trodes (data lines), and such organic EL elements are driven
by applying a voltage equivalent to a data signal, between a
selected row electrode and the column electrodes.

[0007] On the other hand, in an organic EL display device
referred to as an active-matrix organic EL display, a thin film
transistor (TFT) is provided in each crosspoint between scan-
ning lines and data lines, the gate of a drive transistor is
connected to the TFT, the TFT is turned ON through a
selected scanning line so as to input a data signal from a data
line to the drive transistor, and an organic EL element is
driven by such drive transistor.

[0008] Unlike in the passive-matrix organic EL display
where, only during the period in which each of the row elec-
trodes (scanning lines) is selected, does the organic EL ele-
ment connected to the selected row electrode emit light, in the
active-matrix organic EL display, it is possible to cause the
organic EL element to emit light until a subsequent scan
(selection), and thus a reduction in display luminance is not
incurred even when the number of scanning lines increases.
Therefore, since driving with low voltage is possible, reduc-
tion of power consumption becomes possible. However, in
the active-matrix organic EL display, due to variation in the
characteristics of drive transistors and organic EL elements
arising in the manufacturing process, the luminance of the
organic EL elements are different among the respective pixels
even when the same data signal is supplied, and thus there are
instances where luminance unevenness, such as a band or
unevenness, OCCUrs.

[0009] In response, there is proposed a correction method
of correcting bands and unevenness occurring in an organic
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EL display in which, by correcting an image signal (data
signal), the luminance of the organic EL elements corre-
sponding to the image signal supplied to the respective pixels
can be corrected to a predetermined standard luminance (for
example, Patent Reference 1: Unexamined Japanese Patent
Application Publication No. 2005-284172).

[0010] In the correction method of Patent Reference 1, by
measuring the luminance distribution or current distribution
of at least three gradation levels in each pixel of an organic EL.
display, it is possible to obtain the gain and offset which are
correction parameters for correcting the luminance of the
organic EL element corresponding to the image signal sup-
plied to the respective pixels to a predetermined standard
luminance.

SUMMARY OF THE INVENTION

[0011] However, the conventional correction methods have
the problems described below.

[0012] Conventionally, as a correction method, there is for
example a method of obtaining gain and offset, which are
correction parameters, using the least-square technique. In
this method which uses the least-square technique, multi-
gradation level luminance measurement is performed for
each pixel, and the gain and offset are obtained using a pre-
determined calculation method, based on the luminance dif-
ference between the luminance of each pixel obtained in each
measurement and the representative voltage-luminance char-
acteristics. As an example, luminance L1 to L6 at the six
points of voltages V1 to V6 is measured for a certain pixel
using the least-square technique, and Vx1 to Vx6 are obtained
as the correction parameters, as shown in FIG. 1.

[0013] However, in the correction method which uses the
least-square method for example, by nature it is necessary to
perform the luminance measurement on each pixel for a num-
ber of gradation levels that is at least 3 gradation levels and
preferably 5 gradation levels or more, and thus there is the
problem of requiring time from the performance of the lumi-
nance measurement for each pixel up to the obtainment of the
correction parameters. In particular, a very long time is
required for the luminance measurement in the low gradation-
side. As a result, there is the problem that measurement tact
from the performance of the luminance measurement for each
pixel up to the obtainment of the correction parameters
becomes long.

[0014] Furthermore, in an organic EL display, there is a
tendency for the occurrence of streaky luminance unevenness
and so on in the low gradation regions. The human eye rec-
ognizes luminance differences more easily in the low grada-
tion-side than in the high gradation-side. As such, it is pref-
erable that correction precision be higher for the low
gradation-side than the high gradation-side. However, nor-
mally, the luminance difference between the representative
voltage-luminance characteristics and the voltage-luminance
characteristics of each pixel increases as one goes further into
the high gradation-side, and since the least-square method
simultaneously obtains the gain and offset by calculation so
that the luminance error in the high gradation-side is mini-
mized, there is the problem that, although the correction error
in the high gradation-side can be minimized, the correction
error in the low gradation-side becomes big compared to that
in the high gradation-side.

[0015] The present invention is conceived in view of the
above-described circumstances and has as an object to pro-
vide an organic EL display device manufacturing method and
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an organic EL display device which can shortening the mea-
surement tact from the performance of luminance measure-
ment for each pixel to the obtainment ofthe correction param-
eter.

[0016] In order to achieve the aforementioned object, a
method of manufacturing an organic electroluminescence
(EL) display device according to the present invention is a
method of manufacturing an organic electroluminescence
(EL) display device which includes a display panel and stores
a correction parameter in a predetermined storage unit used
for the display panel, the method including: preparing a cir-
cuit substrate including pixel units each of which includes a
drive element which is voltage driven and a capacitor which
has a first electrode connected to a gate electrode of the drive
element and a second electrode connected to a source elec-
trode of the drive element; causing the capacitor included in a
subject pixel unit to hold a corresponding-voltage which is a
voltage that corresponds to a threshold voltage of the drive
element, and reading the corresponding-voltage held by the
capacitor included in the subject pixel unit, using a first mea-
suring device, the subject pixel unit being a current pixel unit
to be processed among the pixel units included in the display
panel; storing, using the first measuring device, the read cor-
responding-voltage as a first correction parameter of the sub-
ject pixel unit, in the storage unit used for the display panel;
preparing the display panel which includes the circuit sub-
strate and light-emitting elements by which corresponding
ones of the pixel units included in the circuit substrate emit
light according to a drive current of the drive element; obtain-
ing representative voltage-luminance characteristics com-
mon among the pixel units included in the display panel;
obtaining a predetermined signal voltage by adding the first
correction parameter of the subject pixel unit to a signal
voltage corresponding to a single gradation level belonging to
one of an intermediate gradation region and a high gradation
region of the representative voltage-luminance characteris-
tics; applying the predetermined signal voltage to the drive
element included in the subject pixel unit, and measuring a
luminance emitted by the subject pixel unit using a second
measuring device; calculating a second correction parameter
with which the luminance of the subject pixel unit measured
in the applying becomes a standard luminance obtained when
the predetermined signal voltage is inputted to a function of
the representative voltage-luminance characteristics; and
storing the calculated second correction parameter in the
predetermined storage unit, in association with the subject
pixel unit, wherein in the calculating, a voltage such that the
luminance of light emitted by the subject pixel unit is the
standard luminance is calculated, and the second correction
parameter is a gain indicating a ratio between the predeter-
mined signal voltage and the calculated voltage.

[0017] According to the present invention, it is possible to
realize an organic EL display device and a manufacturing
method thereof which can shorten the measuring tact, from
when the luminance measurement for each pixel is performed
up to when the correction parameter is obtained. Specifically,
aside from being able to determine the external correction
parameter using only the two measurements of the Vt mea-
surement of the TFT substrate and the luminance measure-
ment in one gradation level, luminance measurement is per-
formed only in the one-time measurement for the high
luminance portion. With this, luminance measurement tact
can be shortened, and measurement tact can be made
extremely short.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] These and other objects, advantages and features of
the invention will become apparent from the following
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description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
invention. In the Drawings:

[0019] FIG. 1 is a diagram for describing a conventional
method of calculating a correction parameter;

[0020] FIG.2isablock diagram showing a configuration of
a forward circuit substrate assembled as a display panel and
an array tester which measures the circuit substrate;

[0021] FIG. 3 is a diagram showing a circuit configuration
of one pixel unit included in a display unit;

[0022] FIG. 4 is a timing chart showing operations of a
pixel unit in an embodiment of the present invention;

[0023] FIG. 5 is a diagram for describing operations in a
write period T10 of a pixel unit in the embodiment of the
present invention;

[0024] FIG. 6 is a diagram for describing operations in a
Vith detection period T20 of the pixel unit in the embodiment
of the present invention;

[0025] FIG. 7 is a diagram for describing the voltage held
by a holding capacitor after Vth detection;

[0026] FIG. 8 is a diagram for describing operations in a
read period T30 of a pixel unit in the embodiment of the
present invention;

[0027] FIG.9is a flowchart for describing a first correction
parameter calculation process;

[0028] FIG. 10 is a diagram showing a configuration of a
luminance measurement system at the time of luminance
measurement of the display panel;

[0029] FIG. 11 is a table showing an example of a correc-
tion parameter table held by a storage unit in the present
embodiment;

[0030] FIG. 12 is a diagram showing an example of a func-
tion configuration diagram for a control circuit in the present
embodiment;

[0031] FIG. 13 shows voltage-luminance characteristics of
a predetermined pixel unit and representative voltage-lumi-
nance characteristics;

[0032] FIG. 14 is a diagram for describing the representa-
tive voltage-luminance characteristics, the high gradation
region, and the low gradation region in the present embodi-
ment;

[0033] FIG. 15 is a flowchart showing an example of opera-
tions for calculating a second correction parameter in the
luminance measurement system in the present embodiment;
[0034]
[0035]

[0036] FIG. 18 is a diagram for describing a process by
which a correction parameter calculation unit 52 calculates
the second correction parameter in the present embodiment;
[0037] FIG. 19 is a flowchart showing the first correction
parameter calculation process (S1) and a second parameter
calculation process (S2);

[0038] FIG. 20 is a diagram showing a configuration of a
luminance measurement system at the time of luminance
measurement of the display panel, according to a modifica-
tion of the present embodiment; and

[0039] FIG. 21 is a flowchart showing an example of an
operation by which a correction parameter determining

FIG. 16 is a graph for conceptually describing S24;
FIG. 17 is a graph for conceptually describing S26;
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device 50 determines the correction parameter, according to
the modification of the present embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0040] A method of manufacturing an organic electrolumi-
nescence (EL) display device according to a first aspect is a
method of manufacturing an organic electroluminescence
(EL) display device which includes a display panel and stores
a correction parameter in a predetermined storage unit used
for the display panel, the method including: preparing a cir-
cuit substrate including pixel units each of which includes a
drive element which is voltage driven and a capacitor which
has a first electrode connected to a gate electrode of the drive
element and a second electrode connected to a source elec-
trode of the drive element; causing the capacitor included in a
subject pixel unit to hold a corresponding-voltage which is a
voltage that corresponds to a threshold voltage of the drive
element, and reading the corresponding-voltage held by the
capacitor included in the subject pixel unit, using a first mea-
suring device, the subject pixel unit being a current pixel unit
to be processed among the pixel units included in the display
panel; storing, using the first measuring device, the read cor-
responding-voltage as a first correction parameter of the sub-
ject pixel unit, in the storage unit used for the display panel;
preparing the display panel which includes the circuit sub-
strate and light-emitting elements by which corresponding
ones of the pixel units included in the circuit substrate emit
light according to a drive current of the drive element; obtain-
ing representative voltage-luminance characteristics com-
mon among the pixel units included in the display panel;
obtaining a predetermined signal voltage by adding the first
correction parameter of the subject pixel unit to a signal
voltage corresponding to a single gradation level belonging to
one of an intermediate gradation region and a high gradation
region of the representative voltage-luminance characteris-
tics; applying the predetermined signal voltage to the drive
element included in the subject pixel unit, and measuring a
luminance emitted by the subject pixel unit using a second
measuring device; calculating a second correction parameter
with which the luminance of the subject pixel unit measured
in the applying becomes a standard luminance obtained when
the predetermined signal voltage is inputted to a function of
the representative voltage-luminance characteristics; and
storing the calculated second correction parameter in the
predetermined storage unit, in association with the subject
pixel unit, wherein in the calculating, a voltage such that the
luminance of light emitted by the subject pixel unit is the
standard luminance is calculated, and the second correction
parameter is a gain indicating a ratio between the predeter-
mined signal voltage and the calculated voltage.

[0041] According to the present invention, first, the capaci-
tor included in the pixel (pixel unit) is caused to hold the
threshold voltage of the drive element, and the correspond-
ing-voltage that corresponds to the threshold voltage held by
the capacitor is calculated using the first measuring device.
Then, the calculated corresponding-voltage that corresponds
to the threshold voltage is stored, as the first correction param-
eter of the pixel, in the predetermined storage unit used for the
display panel. Accordingly, since the above-described lumi-
nance difference in the low gradation-side affects the varia-
tion in the threshold voltage of the drive elements, using the
corresponding-voltage as the correction parameter allows the
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luminance emitted by the respective pixels to be matched
with the representative voltage-luminance characteristics in
the low gradation region.

[0042] Next, the predetermined voltage obtained by adding
the first correction parameter to the signal voltage corre-
sponding to one gradation level belonging to the intermediate
gradation region or the high gradation region is calculated,
and luminance measurement is performed for the first time by
applying the predetermined voltage to the drive element
included in the pixel. More specifically, by adding the first
correction parameter, which is the corresponding-voltage that
corresponds to the threshold value of the drive element, to the
signal voltage corresponding to the one gradation level
belonging to the intermediate gradation region or the high
gradation region, the luminance measurement in the interme-
diate gradation region or the high gradation region can be
performed with the luminance in the low gradation region
matching the representative voltage-luminance characteris-
tics.

[0043] Subsequently, the second correction parameter with
which the luminance of the pixel becomes the standard lumi-
nance obtained when the predetermined voltage is inputted to
the function of the representative voltage-luminance charac-
teristics is calculated for the pixel.

[0044] In this manner, the corresponding voltage that cor-
responds to the threshold voltage of the drive element is read
and used as the first correction parameter, and the luminance
of the respective pixels in the high gradation region is
matched with the luminance indicated by the representative
voltage-luminance characteristics in the state where the lumi-
nance in the low gradation region matches the representative
voltage-luminance characteristics, and thus the emitted lumi-
nance in the two gradation levels of the predetermined one
gradation level belonging to the low gradation region and the
predetermined one gradation level belonging to another gra-
dation region can be made to match the representative volt-
age-luminance characteristics. As a result, since the lumi-
nance variation of the display panel that is recognizable by the
human eye can be suppressed and it is possible to arbitrarily
select one gradation level on which to perform luminance
measurement, it is possible to suppress luminance uneven-
ness in a desired gradation region other than the low gradation
region.

[0045] Furthermore, since the first correction parameter
can be calculated in one measurement and the second correc-
tion parameter can be calculated in one luminance measure-
ment, the first correction parameter and the second correction
parameter can be calculated in a total of two measurements.
As aresult, the measurement tact from the performance of the
luminance measurement for each pixel up to the obtainment
of the correction parameters can be shortened.

[0046] In an organic EL display device according to a sec-
ond aspect, in the calculating, a voltage such that the lumi-
nance of light emitted by the subject pixel unit is the standard
luminance is calculated, and the second correction parameter
is a gain indicating a ratio between the predetermined signal
voltage and the calculated voltage.

[0047] Inanorganic EL display device according to a third
aspect, the second correction parameter is a gain indicating a
ratio between the luminance when the subject pixel is caused
to emit light according to the predetermined signal voltage
and the standard luminance.

[0048] In an organic EL display device according to a
fourth aspect, the second electrode of the capacitor is con-
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nected to the source electrode of the drive element, each of the
pixel units further includes: a first power line for determining
a potential of a drain electrode of the drive element; a second
power line connected to a second electrode of the light emit-
ting element; a third power line for supplying a first standard
voltage which defines a voltage value of the first electrode of
the capacitor; a data line for supplying a signal voltage; a first
switching element which switches between conduction and
non-conduction between the first electrode of the capacitor
and the third power line; a second switching element which
has one of terminals connected to the data line and the other
of the terminals connected to the second electrode of the
capacitor, and which switches between conduction and non-
conduction between the data line and the second electrode of
the capacitor; a third switching element which has one of
terminals connected to the source electrode of the drive ele-
ment and the other of the terminals connected to the second
electrode of the capacitor, and which switches between con-
duction and non-conduction between the source electrode of
the drive element and the second electrode of the capacitor,
and in the causing: a potential difference that is larger than the
threshold voltage of the drive element is generated in the
capacitor by placing the first switching element in an ON state
to apply the first standard voltage to the first electrode of the
capacitor and placing the second switching element in the ON
state to apply, from the data line, a second standard voltage
that is lower than a value obtained by subtracting the thresh-
old voltage of the drive element from the first standard volt-
age; and the capacitor is caused to hold the corresponding-
voltage that corresponds to the threshold voltage by allowing
passage of time up to when the potential difference in the
capacitor reaches the threshold voltage of the drive element
and the drive element turns OFF.

[0049] According to the present aspect, it is possible to
cause the capacitor to hold the corresponding-voltage that
corresponds to the threshold voltage of the drive element.
[0050] Inamethod of manufacturing an organic EL display
device according to a fifth aspect, the first power line and the
third power line are a common power line.

[0051] According to the present aspect, the first power line
and the second power line can be combined into a common
power line when performing the measurement of the corre-
sponding-voltage that corresponds to the threshold voltage of
the drive element in the case where the light-emitting element
is not provided in the respective pixel units.

[0052] Inamethod of manufacturing an organic EL display
device according to a sixth aspect, in the preparing of a circuit
substrate, the display panel is prepared in place of the circuit
substrate.

[0053] According to the present aspect, the measurement of
the voltage corresponding to the threshold voltage may be
performed by providing the light-emitting element in the
respective pixel units.

[0054] Inan organic EL display device according to a sev-
enth aspect, in the causing, a voltage value of the first standard
voltage is set so that a potential difference between a first
electrode and a second electrode of the light-emitting element
when the first standard voltage is applied to the first electrode
ofthe capacitor is a voltage lower than a threshold voltage of
the light-emitting element at which the light-emitting element
starts to emit light.

[0055] According to the present aspect, the voltage value of
the first standard-voltage is set so that, in the case where the
corresponding-voltage that corresponds to the threshold volt-
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age is to be measured in the capacitor in the state where the
light-emitting element is provided in each of the pixel units of
the circuit substrate, the light-emitting element does not emit
light when the first standard-voltage is applied to the first
electrode of the capacitor.

[0056] Inamethod of manufacturing an organic EL display
device according to an eighth aspect, in the causing: a current
corresponding to the corresponding-voltage is supplied from
the second electrode of the capacitor to a data line, by placing
a second switching element in an ON state after causing the
capacitor to hold the corresponding-voltage that corresponds
to the threshold voltage; and the corresponding-voltage held
by the capacitor is read by measuring, using the first measur-
ing device, the current supplied to the data line.

[0057] According to the present aspect, the second switch-
ing element is placed in the ON state after the capacitor is
caused to hold the corresponding-voltage that corresponds to
the threshold voltage, thereby supplying the current corre-
sponding to the voltage held by the capacitor to the data line.
Then, the current supplied to the data line is measured using
the first measuring device. With this, the voltage held by the
capacitor can be read based on the current measured using the
first measuring device.

[0058] Inanorganic EL display device according to a ninth
aspect, the corresponding-voltage that corresponds to the
threshold voltage is a voltage having a voltage value that is
proportional to a voltage value of the threshold voltage and
smaller than the voltage value of the threshold voltage.

[0059] According to the present aspect, the corresponding-
voltage that corresponds to the threshold voltage is a voltage
having a voltage value that is proportional to the voltage value
of'the threshold voltage and is smaller than the voltage value
of the threshold voltage.

[0060] Inthis manner, the value of the voltage to be read is
not the value of the threshold value but a voltage value that is
smaller than the voltage value because the low gradation
region of representative voltage-luminance characteristics
corresponds to a region showing a voltage that is smaller than
the threshold voltage. By reading a voltage having a value
smaller than the threshold value and using this as the first
correction parameter, the correction precision in the high
gradation region of the representative voltage-luminance
characteristics can be enhanced.

[0061] Inanorganic EL display device according to a tenth
aspect, the signal voltage corresponding to the single grada-
tion level belonging to the high gradation region of the rep-
resentative voltage-luminance characteristics is a voltage cor-
responding to a gradation level that is 20% to 100% of a
maximum gradation level that can be displayed by each of the
pixel units.

[0062] According to the present aspect, a voltage corre-
sponding to one gradation level that is 20% to 100% of the
maximum gradation level is applied as the signal voltage
corresponding to one gradation level belonging to the high
gradation region of the representative voltage-luminance
characteristics.

[0063] In an organic EL display device according to an
eleventh aspect, the signal voltage that corresponds to the
single gradation level belonging to the high gradation region
of the representative voltage-luminance characteristics is a
voltage corresponding to a gradation level that is 30% of a
maximum gradation level that can be displayed by each of the
pixel units.
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[0064] According to the present aspect, a voltage corre-
sponding to a gradation level that is 30% of the maximum
gradation level is applied as the signal voltage corresponding
to one gradation level belonging to the high gradation region
of the representative voltage-luminance characteristics. This
case allows for maximum suppression of correction error in
the high gradation region.

[0065] In an organic EL display device according to a
twelfth aspect, the signal voltage that corresponds to the
single gradation level belonging to the intermediate gradation
region of the representative voltage-luminance characteris-
tics is a voltage corresponding to a gradation level that is 10%
to 20% of'a maximum gradation level that can be displayed by
each of the pixel units.

[0066] According to the present aspect, a voltage corre-
sponding to one gradation level belonging to a gradation
region that is 10% to 20% of the maximum gradation level is
applied as the signal voltage corresponding to one gradation
level belonging to the intermediate gradation region of the
representative voltage-luminance characteristics.

[0067] In an organic EL display device according to a thir-
teenth aspect, the representative voltage-luminance charac-
teristics are voltage-luminescence characteristics of a prede-
termined single pixel unit among the pixel units included in
the display panel.

[0068] According to the present aspect, the representative
voltage-luminance characteristics may be set as the voltage-
luminance characteristics of a single arbitrary pixel unit
among the pixel units included in the display panel.

[0069] Inan organic EL display device according to a four-
teenth aspect, the representative voltage-luminance charac-
teristics are characteristics obtained by averaging voltage-
luminescence characteristics of two or more pixel units
among the pixel units included in the display panel.

[0070] According to the present aspect, the representative
voltage-luminance characteristics are set in common
throughout the entire display panel including the pixels, and
can be calculated by averaging the voltage-luminance char-
acteristics of the respective pixels included in the display
panel. With this, since the correction parameter is calculated
so that the luminance of each of the pixels included in the
display panel becomes the representative voltage-luminance
characteristics common throughout the entire display panel,
using such correction parameter to correct the image signal
allows the luminance of the light emitted by the respective
pixels to be evened-out.

[0071] In an organic EL display device according to a fif-
teenth aspect, in the obtaining representative voltage-lumi-
nance characteristics, the display panel is divided into seg-
ments, and the representative voltage-luminance
characteristics are set for each of the segments, the represen-
tative voltage-luminance characteristics being common
among the pixel units included in each of the segments, and in
the calculating, the second correction parameter with which
the luminance emitted when the subject pixel unit is caused to
emit light according to the predetermined signal voltage
becomes a standard luminance is calculated for the subject
pixel unit, the standard luminance being obtained when the
predetermined signal voltage is inputted to the function of the
representative voltage-luminance characteristics for the seg-
ment including the subject pixel unit.

[0072] According to the present aspect, the display panel is
divided into segments, and representative voltage-luminance
characteristics common among the pixels included in each of
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the segments are set on a per segment basis. Subsequently, the
second correction parameter is calculated so that the lumi-
nance when the pixel is caused to emit light according to the
predetermined signal voltage becomes the luminance
obtained when the predetermined signal voltage is inputted to
the function of the representative voltage-luminance charac-
teristics for the segment including the pixel.

[0073] With this, it is possible, for example, to correct only
a segment in which luminance unevenness occurs because
luminance change between adjacent pixels is severe, and thus
it is possible to calculate a correction parameter with which
the luminance change between the adjacent pixels becomes
smooth.

[0074] In an organic EL display device according to a six-
teenth aspect, the first measuring device is an array tester.

[0075] Inan organic EL display device according to a sev-
enteenth aspect, the second measuring device is an image
Sensor.

[0076] An organic EL element according to an eighteenth
aspect includes: a display panel including pixel units each of
which includes a light-emitting element, a drive element
which is voltage-driven and controls supply of current to the
light-emitting element, and a capacitor which has a first elec-
trode connected to a gate electrode of the drive element and a
second electrode connected to one of a source electrode and a
drain electrode of the drive element; a storage unit configured
to store, for each of the pixel units, a correction parameter for
correcting, in accordance with characteristics of the pixel
unit, an image signal inputted from an external source; and a
control unit configured to obtain, for each of the pixel units, a
corrected signal voltage by reading, from the storage unit, the
correction parameter corresponding to the pixel unit and cal-
culating the corrected signal from the image signal corre-
sponding to the pixel unit using the read correction parameter,
wherein the correction parameter is generated by: causing the
capacitor included in a subject pixel unit to hold a correspond-
ing-voltage that corresponds to a threshold voltage of the
drive element, and reading the corresponding-voltage held by
the capacitor included in the subject pixel unit, using a first
measuring device, the subject pixel unit being a current pixel
unit to be processed among the pixel units included in the
display panel; storing the read corresponding-voltage as a
first correction parameter of the subject pixel unit, in the
storage unit, using the first measuring device; obtaining rep-
resentative  voltage-luminance characteristics common
among the pixel units included in the display panel; obtaining
a predetermined signal voltage by adding the first correction
parameter of the subject pixel unit to a signal voltage corre-
sponding to a single gradation level belonging to one of an
intermediate gradation region and a high gradation region of
the representative voltage-luminance characteristics; apply-
ing the predetermined signal voltage to the drive element
included in the subject pixel unit, and measuring a luminance
emitted by the subject pixel unit using a second measuring
device; calculating a second correction parameter with which
the luminance of the subject pixel unit measured in the apply-
ing becomes a standard luminance obtained when the prede-
termined signal voltage is inputted to the representative volt-
age-luminance characteristics; and storing the calculated
second correction parameter in the storage unit, in association
with the subject pixel unit, wherein in the calculating, a volt-
age such that the luminance of light emitted by the subject
pixel is the standard luminance is calculated, and the second
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correction parameter is a gain indicating a ratio between the
predetermined signal voltage and the calculated voltage.

Embodiment

[0077] Hereinafter, an embodiment of the present invention
shall be described with reference to the Drawings.

[0078] FIG.2isablock diagram showing a configuration of
a forward circuit substrate assembled as a display panel and
an array tester 200 which measures the circuit substrate. FIG.
3 is a diagram showing a circuit configuration of one pixel
unit 10 included in a display unit 105.

[0079] The circuit substrate shown in FIG. 2 includes
organic EL elements D1 and is assembled in a display panel
100 of an organic EL display device. The display unit 105, a
scanning line drive circuit 11, a data line drive circuit 12, and
input and output terminals 13 are formed on this circuit sub-
strate.

[0080] The display unit 105 includes pixel units 10 which
are arranged in m rowsxn columns, and displays images
based on an image signal which is a luminance signal inputted
to the organic EL display device from an external source.
Here, the circuit configuration of a pixel unit 10 shall be
described in detail with reference to the Drawings.

[0081] As shown in FIG. 3, the pixel unit 10 includes an
organic EL element D1 which is a an element that emits light
upon application of current, a drive transistor T1, a switching
transistor T2, a holding capacitor Cs, a reference transistor
T3, and a isolation transistor T4. Furthermore, the following
are connected to the pixel unit 10: a scanning line 21; a data
line 20 for supplying signal voltage; a merge line 23; a high-
voltage-side power line 24 for determining the potential of a
drain electrode of the drive transistor T1; the low-voltage-side
power line 25 which is connected to a second electrode of the
organic EL element D1; a standard-voltage power line 26 for
supplying a first standard voltage which defines the voltage
value of a first electrode of the holding capacitor Cs; and a
reset line 27.

[0082] The organic EL element D1 functions as a light-
emitting element, and emits light according to the drive cur-
rent of the drive transistor T1. The organic EL element D1 has
a cathode connected to the low-voltage-side power line 25,
and an anode connected to a source of the drive transistor T1.
Here, the voltage supplied to the low-voltage-side power line
25 is denoted by Vss, and is for example O (v). It should be
noted that although the organic EL element D1 is included in
the pixel unit 10 in FIG. 3, in the state of the forward circuit
substrate assembled as the display panel, the pixel unit 10
need not include the organic EL element D1.

[0083] The drive transistor T1 is a voltage-driven drive
element which causes the organic EL element D1 to emit light
by providing current to the organic EL element D1. The drive
transistor T1 has a gate connected to the data line 20 via the
isolation transistor T4 and the switching transistor T2, a
source connected to an anode of the organic EL element D1,
and a drain connected to the high-voltage-side power line 24.
Here, the voltage supplied to the high-voltage-side power line
24isdenotedas Vdd, and is, for example, 20 (v). With this, the
drive transistor T1 converts the signal voltage (data signal
Data) supplied to its gate into a signal current corresponding
to the signal voltage (data signal Data), and supplies the signal
current obtained from the conversion to the organic EL ele-
ment D1.

[0084] Theholding capacitor Cs has a function ofholding a
signal voltage which determines the amount of current to be
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supplied by the drive transistor T1. Specifically, the holding
capacitor Cs is connected between the source (low-voltage-
side power line 25) of the drive transistor T1 and the gate of
the drive transistor T1. Stated differently, the holding capaci-
tor Cs has a first electrode connected to the gate electrode of
the drive transistor T1 and a second electrode connected to the
source electrode of the drive transistor T1. The holding
capacitor Cs has, for example, a function of maintaining the
immediately preceding signal voltage and causing drive cur-
rent to be continuously supplied from the drive transistor T1
to the organic EL element D1, even after the switching tran-
sistor T2 switches to the OFF state. It should be noted that, in
actuality, the holding capacitor Cs holds an electric charge
obtained by multiplying a signal voltage by a capacitance.
[0085] The switching transistor T2 has one terminal con-
nected to the data line 20 and the other terminal connected to
the second electrode of the holding capacitor Cs, and switches
between conduction and non-conduction between the data
line 20 and the holding capacitor Cs. Specifically, the switch-
ing transistor T2 has a function for writing, in the holding
capacitor Cs, a signal voltage (data signal Data) that is in
accordance with the image signal. The switching transistor
T2 has a gate connected to the scanning line 21, and one ofa
source and a drain connected to the data line 20. In addition,
the switching transistor T2 has a function of controlling the
timing for supplying the signal voltage (data signal Data) of
the data line 20 to the gate of the drive transistor T1.

[0086] The reference transistor T3 switches between con-
duction and non-conduction between the first electrode of the
holding capacitor Cs and the standard-voltage power line 26.
Specifically, the reference transistor T3 has a function of
providing a standard voltage (Vr) to the gate of the drive
transistor T1, during the detection of a threshold voltage Vth
of'the drive transistor T1. The reference transistor T3 has one
of a drain and a source connected to the gate of the drive
transistor T1, and the other of the drain and the source con-
nected to the standard-voltage power line 26 for applying the
reference voltage (Vr). Furthermore, the reference transistor
T3 has a gate connected to the reset line 27.

[0087] The isolation transistor T4 has one terminal con-
nected to the source electrode of the drive transistor T1 and
the other terminal connected to the second electrode of the
holding capacitor Cs, and switches between conduction and
non-conduction between the source electrode of the drive
transistor T1 and the second electrode of the holding capaci-
tor Cs. Specifically, the isolation transistor T4 has a function
ofisolating the holding capacitor Cs from the drive transistor
T1 during a write period in which voltage is written into the
holding capacitor Cs. The isolation transistor T4 has one of a
drain and a source connected to the source of the drive tran-
sistor T1, and the other of the drain and the source connected
to the second electrode of the holding capacitor Cs. Further-
more, the isolation transistor T4 has a gate connected to the
merge line 23.

[0088] It should be noted that each of the drive transistor
T1, the switching transistor T2, the reference transistor T3,
and the isolation transistor T4 is, for example, an N-channel
thin-film transistor or an enhancement transistor. Of course,
these transistors may be channel thin-film transistors, or
depression transistors.

[0089] The pixel unit 10 is configured as described above.
Description shall be continued returning to FIG. 2.

[0090] Thescanninglinedrive circuit 11 is connected to the
scanning line 21 and has a function of controlling the con-
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duction and non-conduction to the switching transistor T2 of
the pixel unit 10. Specifically, the scanning line drive circuit
11 supplies a scanning signal Scan to each of the pixel units 10
arranged in the row direction in FIG. 2 via the scanning line
21 connected in common to such pixel units 10.

[0091] The data line drive circuit 12 is connected to the data
lines 20, and has a function of outputting the signal voltage
(data signal Data) that is in accordance with the image signal,
and determining the signal current that flows to the drive
transistor T1. Specifically, the data line drive circuit 12 sup-
plies the signal voltage (data signal Data) to each of the pixel
units 10 arranged in the column direction in FIG. 2 via the
data line 20 connected in common to such pixel units 10.
[0092] The input and output terminals 13 are connected to
the respective data lines 20, and are used, in a predetermined
case, for reading an electric charge Q of the respective hold-
ing capacitors Cs included in the pixel units 10.

[0093] Furthermore, the array tester 200 shown in FIG. 2 is
a first measuring device, and reads a corresponding-voltage
that corresponds to the threshold voltage of the drive transis-
tor T1, from the holding capacitor Cs of a pixel unit 10.
Furthermore, the array tester 200 stores the corresponding-
voltage read from the holding capacitor Cs, as a first correc-
tion parameter of the pixel unit 10, in a predetermined storage
unit 43 used for the display panel 100. Specifically, the array
tester 200 calculates the first correction parameter by mea-
suring the threshold voltage Vth of the drive transistor T1 of
the respective pixel units 10 on the circuit substrate. The array
tester 200 includes a current measuring unit 221 and a com-
munication unit 222. It should be noted that although the
storage unit 43 is outside of the array tester 200 as shown in
FIG. 2, a separate memory may be included inside the array
tester 200 and transmission may be made from such memory
to the storage unit 43.

[0094] The current measuring unit 221 measures a holding
electric charge Qth of the respective holding capacitors Cs
included in the pixel units 10 on the circuit substrate, by
measuring the current of the pixel units 10 on the circuit
substrate under a predetermined condition to be described
later. Here, the holding capacitor Cs holds the holding electric
charge Qth obtained by multiplying the corresponding-volt-
age that corresponds to the threshold voltage Vth of the drive
transistor T1 by a capacitance C of the holding capacitor Cs,
under a predetermined condition to be described later.
[0095] The communication unit 222 transmits, to the stor-
age unit 43, the corresponding-voltage that corresponds to the
threshold voltage Vth of the drive transistor T'1 included in the
pixelunit 10 and which is obtained by the calculation from the
holding electric charge Qth measured by the current measur-
ing unit 221.

[0096] The storage unit 43 is typically configured in a con-
trol circuit which is outside the array tester 200 and controls
the display panel 100. The storage unit 43 stores the corre-
sponding-voltage that corresponds to the threshold voltage
Vth of the drive transistor T1 of the respective pixel units 10
on the circuit substrate, which is transmitted by the commu-
nication unit 222.

[0097] By using the circuit substrate and the array tester
200 configured in the above-describe manner, it is possible to
measure the corresponding-voltage that corresponds to the
threshold voltage Vth of the drive transistor T1 included in the
respective pixel units 10 on the circuit substrate.

[0098] It should be noted that although the array tester 200
is used to measure the corresponding-voltage that corre-
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sponds to the threshold voltage Vth of the drive transistor T1
included in the respective pixel units 10 on the forward circuit
substrate that is assembled as the display panel 100 in the
aforementioned description, the present invention is not lim-
ited to such. The array tester 200 may be used to measure the
corresponding-voltage that corresponds to the threshold volt-
age Vth of the drive transistor T1 included in the respective
pixel units 10 in the display panel 100 including the organic
EL elements D1.

[0099] Furthermore, although the high-voltage-side power
line 24 and the standard-voltage power line 26 are different
power lines in the above description, they may be a common
power line when performing the measurement of the corre-
sponding-voltage that corresponds to the threshold voltage
Vith of the drive transistor T1, in the case where the organic
EL element D1 is not provided in the respective pixel units 10,
that is, in the case where the pixel unit 10 on the circuit
substrate is measured.

[0100] Next, the measurement procedure when the corre-
sponding-voltage that corresponds to the threshold voltage
Vith of the drive transistor T1 included in a pixel unit 10 is
measured using the array tester 200. FIG. 4 is a timing chart
showing the operation of the pixel unit 10 in the embodiment
of'the present invention.

[0101] An operation for writing a signal voltage (data sig-
nal Data) corresponding to the image signal into the holding
capacitor Cs, an operation for detecting the threshold voltage
Vith of the drive transistor T1, and an operation for reading the
electric charge held by the holding capacitor Cs are per-
formed, within a certain measurement period, in each of the
pixel units 10. Details of the operations shall be described
hereafter with the period for writing the signal voltage (data
signal Data) corresponding to the image signal into the hold-
ing capacitor Cs being a “write period T10”, the period for
detecting the threshold voltage Vth of the drive transistor T1
being a “Vth detection period T20”, and the period for reading
the electric charge held by the holding capacitor Cs being a
“read period T30”. It should be noted that the write period
T10, the Vth detection period T20, and the read period T30 are
defined for each of the pixel units 10, and the phases of the
aforementioned three periods need not match for all the pixel
units 10.

(Write period T10)

[0102] FIG. 5 is a diagram for describing operations in the
write period T10 of a pixel unit in the embodiment of the
present invention.

[0103] Atatime t12 in the write period T10, first, the reset
signal Reset that is supplied to the reset line 27 is set to the
high level so as to place the reference transistor T3 into the
ON state. Then, the standard voltage Vr supplied to the stan-
dard-voltage power line 26 is applied to a point ¢ (the first
electrode of the holding capacitor Cs). In other words, the
standard-voltage Vr is written into the point c.

[0104] Here, in the standard-voltage power line 26, the
standard-voltage Vr is set such that, in the case where the
circuit substrate includes the organic EL elements D1, the
organic EL elements D1 do not emit light. Specifically, the
voltage value of a first standard-voltage is set so that, when the
first standard-voltage is applied to the first electrode of the
holding capacitor Cs, the potential difference between the
first electrode and second electrode ofthe organic EL element
D1 is a voltage that is lower than the threshold voltage of the
organic EL element D1 at which the organic EL element D1
starts to emit light. In other words, the voltage value of a first
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standard-voltage is set so that, in the case where the corre-
sponding-voltage that corresponds to the threshold voltage is
to be measured in the holding capacitor Cs in the state where
the organic EL element D1 is provided in each of the pixel
units 10 of the circuit substrate, the organic EL element D1
does not emit light when the first standard-voltage is applied
to the first electrode of the holding capacitor Cs.

[0105] Conversely, in the case where the circuit substrate
does not include the organic EL elements D1, the voltage in
the standard-voltage power line 26 is set to the same voltage
Vdd as in the high-voltage-side power line 24. This can be
realized, for example, by combining the high-voltage-side
power line 24 and the standard-voltage power line 26 into a
common power line. In other words, this can be realized by
combining the high-voltage-side power line 24 and the stan-
dard-voltage power line 26 into a common power line when
performing the measurement of the corresponding-voltage
that corresponds to the threshold voltage of the drive transis-
tor T1 in the case where the organic EL element D1 is not
provided in the respective pixel units 10.

[0106] Next, the scanning signal Scan supplied to the scan-
ning line 21 is set to the high level so as to turn ON the
switching transistor T2. Then, a signal voltage (data signal
Data) corresponding to the image signal supplied to the data
line at this time is applied to a point b (second electrode of the
holding capacitor Cs). Here, for example, this signal voltage
(data signal Data) is set to the same voltage Vss as in the
low-voltage-side power line 25. Furthermore, in the write
period T10, the merge signal Merge supplied to the merge line
23 is at the low level and the isolation transistor T4 is in the
OFF state.

[0107] As such, a voltage corresponding to the potential
difference (Vr-Vss) between the point b and the point ¢ is
provided to the holding capacitor Cs, and the voltage is
applied to the gate of the drive transistor T1. It should be noted
that the voltage applied to the holding capacitor Cs assumes a
magnitude that is equal to or greater than the threshold volt-
age Vth of the drive transistor T1.

[0108] Thus, the operation for writing into the holding
capacitor Cs is performed in the manner described above.
Specifically, while a first standard voltage Vr is applied to the
first electrode of the holding capacitor Cs by turning ON the
reference transistor T3, the switching transistor T2 is turned
ON so that a second standard voltage which is lower than a
value obtained by subtracting the threshold voltage of the
drive transistor T1 from the first standard voltage Vris applied
to the holding capacitor Cs from the data line 20. As such, a
write operation in which a potential difference that is larger
than the threshold voltage of the drive transistor T1 is gener-
ated is performed in the holding capacitor Cs.

[0109] Subsequently, ata time t13 in which the write opera-
tionto the holding capacitor ends, that is, the write period T10
of'the pixel unit 10 ends, the scanning signal Scan is returned
to the low level so as to turn OFF the switching transistor T2.

(Vth Detection Period T20)

[0110] FIG. 6 is a diagram for describing operations in the
Vth detection period T20 of a pixel unit in the embodiment of
the present invention.

[0111] At an initial time t14 of the Vth detection period
T20, a merge signal Merge supplied to the merge line 23 is set
to a high level so as to turn ON the isolation transistor T4.
Here, in the Vth detection period T20, the scanning signal
Scan supplied to the scanning line 21 is at the low level, and
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the switching transistor T2 is in the OFF state. Furthermore,
in the Vth detection period T20, a reset signal Reset supplied
to the reset line 27 is at the low level, and thus the reference
transistor T3 is in the ON state.

[0112] Then the standard voltage Vr supplied to the stan-
dard-voltage power line 26 (the potential at point ¢) is applied
to the gate of the drive transistor T1, and thus the drive
transistor T1 is in the ON state. At this time, the organic EL,
element D1 does not emit light, as described earlier. Specifi-
cally, the voltage value of the first standard-voltage is set so
that, when the first standard-voltage is applied to the first
electrode of the holding capacitor Cs, the potential difference
between the first electrode and second electrode of the
organic EL element D1 is a voltage that is lower than the
threshold voltage of the organic EL element D1 at which the
organic EL element D1 starts to emit light.

[0113] Subsequently, a part of the voltage Vdd of the high-
voltage-side power line 24 which is in accordance with the
standard voltage Vr applied to the gate of the drive transistor
T1 is applied to the point b (the second electrode of the
holding capacitor Cs) via the isolation transistor T4, and the
potential of the point b (the second electrode of the holding
capacitor Cs) rises.

[0114] Next, for example, by adjusting the processing time
such as by waiting as is up to a time t18 as shown in FIG. 4, a
voltage corresponding to the threshold voltage Vth of the
drive transistor T1 (specifically, a voltage corresponding to a
voltage that is lower than Vth) remains as the potential dif-
ference between the point b and point c, that is, the voltage
held by the holding capacitor Cs. This is because the drive
transistor T1 turns OFF at the point in time when a source-
gate voltage Vgs and the threshold voltage Vth (specifically, a
voltage lower than Vth) become equal. Specifically, by allow-
ing the passage of time up to when the potential difference
between the point b and point c, that is, the voltage between
the first electrode and second electrode of the holding capaci-
tor Cs reaches the threshold voltage of the drive transistor T1
and the drive transistor T1 turns OFF, the corresponding-
voltage that corresponds to the threshold voltage of the drive
transistor T1 is held in the holding capacitor Cs. Therefore, by
adjusting the processing time, the holding capacitor Cs holds
the electric charge Qth (electrical charge Qth=capacitance
Cxvoltage) which is proportional to a corresponding-voltage
that is lower than the threshold voltage Vth of the drive
transistor T1.

[0115] Thus, in the holding capacitor Cs, a Vth compensa-
tion operation with which the held voltage becomes the cor-
responding-voltage that corresponds to the threshold voltage
Vith is performed in the manner describe above.

[0116] Subsequently, at the time t18 in which the Vth com-
pensation operation ends, that is, the pixel unit 10 Vth detec-
tion period T20 ends, the merge signal Merge is returned to
the low level so as to turn OFF the isolation transistor T4.

[0117] Here, the reason why the voltage held by the holding
capacitor Cs is a voltage corresponding to a voltage that is
lower than Vth in the Vth compensation operation shall be
described.

[0118] FIG. 7 is a diagram for describing the voltage held
by the holding capacitor after Vth detection. Here, (a) in FIG.
7 is a graph selectively illustrating the drive transistor T1 and
the holding capacitor Cs. In (a) in FIG. 7, illustration of the
isolation transistor T4 is omitted since the isolation transistor
T4 is turned ON during the Vth detection period. Since the
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voltage applied to the holding capacitor Cs is the gate-source
voltage of the drive transistor T1, it shall be described as Vgs.
[0119] Itis assumed that, for example, a voltage (VA) that
is higher than the threshold voltage Vth of the drive transistor
T1 is applied to the holding capacitor Cs shown in (a) in FIG.
7. Then, the holding capacitor Cs discharges the held electric
charge to the Vdd-side through the TFT channel of the drive
transistor T1. Then, since the current flowing in the TFT
channel of the drive transistor T1 becomes smaller when the
potential between the electrodes of the holding capacitor Cs
becomes small, that is, when the voltage Vgs applied to the
holding capacitor Cs becomes small, the discharging takes
time.

[0120] Here, as shown in (b) in FIG. 7, in the ideal case
where the current of the drive transistor T1 does not flow
when the voltage applied to the drive transistor T1 is equal to
or lower than the threshold voltage Vth, current no longer
flows when the potential between the electrodes of the hold-
ing capacitor Cs becomes Vth. As such, the threshold voltage
Vth of the drive transistor T1 is maintained in the holding
capacitor Cs.

[0121] However, inactuality, there are variations in the TFT
characteristics of the drive transistor T1. As such, as shown in
(¢) in FIG. 7, a minute current flows even when the voltage
applied to the drive transistor T1 is equal to or lower than the
threshold voltage Vth, and thus a voltage that is equal to or
lower than the threshold voltage Vth of the drive transistor T1
is held in the holding capacitor Cs. In other words, as shown
in (d) in FIG. 7, current flows in such a manner as to decrease
exponentially when the voltage applied to the drive transistor
T1 is equal to or lower than the threshold voltage Vth. As
such, a potential that is equal to or lower than Vth is held in the
holding capacitor Cs for a predetermined set time.

[0122] Therefore, in the Vth compensation operation, the
voltage held by the holding capacitor Cs becomes a corre-
sponding-voltage that corresponds to a voltage that is lower
than Vth. In other words, the holding capacitor Cs holds a
corresponding-voltage that corresponds to the threshold volt-
age. Here, as described above, the corresponding-voltage that
corresponds to the threshold voltage is a voltage having a
voltage value that is proportional to the voltage value of the
threshold voltage Vth of the drive transistor T1 and is smaller
than the voltage value of the threshold voltage Vth. Thus the
corresponding-voltage referred to here includes these defini-
tions.

(Read Period T30)

[0123] FIG. 8 is a diagram for describing operations in the
read period T30 of a pixel unit in the embodiment of the
present invention.

[0124] First, since the isolation transistor T4 is turned OFF
after the Vth detection period T20, the holding capacitor Cs
holds the electric charge Qth, that is, the electric charge Qth
which is in accordance with the potential difference between
the point b and point c.

[0125] Next, at an initial time t19 in the read period T30, the
scanning signal Scan supplied to the scanning line 21 is set to
the high level so as to turn ON the switching transistor T2.
Then, the second electrode (point b) of the holding capacitor
Cs and the data line 20 are connected, and the electric charge
Qthheld by the holding capacitor Cs is read by the array tester
200 (current measuring unit 221) via the data line 20 and the
input and output terminal 13 connected to the data line 20.
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[0126] Specifically, the array tester 200 (current measuring
unit 221) reads the electric charge Qth held by the holding
capacitor Cs, by measuring the sum of the current via the
input and output terminal 13.

[0127] This is because, for the capacitor, there is a rela-
tional expression of electrical charge amount Q=current
ixtime t.

[0128] Thus, the operation for reading the electric charge
held by the holding capacitor Cs is performed in the manner
described above. Specifically, after causing the holding
capacitor Cs to hold the corresponding-voltage that corre-
sponds to the threshold voltage Vth, the switching transistor
T2 is turned ON; current corresponding to the corresponding-
voltage flows from the second electrode of the holding
capacitor Cs to the data line 20, and the current flowing in the
data line 20 is measured by the array tester 200 (current
measuring unit 221). With this, the operation for reading the
corresponding-voltage held by the holding capacitor Cs is
performed.

[0129] Subsequently, at time t21 at which the read period
T30 ends, the scanning signal Scan is returned to the low level
so as to turn OFF the switching transistor T2.

[0130] It should be noted that the array tester 200 (current
measuring unit 221) reads, in parallel from each of the data
lines 20, the electric charges Qth held by the holding capaci-
tors Cs included in the respective pixel units 10.

[0131] Thus, in this manner, the array tester 200 reads the
electric charge Qth held by the holding capacitor Cs included
in the pixel unit 10.

[0132] In addition, in the array tester 200, the threshold
voltage Vth (including the corresponding-voltage equal to or
lower than the Vth) of the drive transistor T1 included in the
pixel unit 10 is calculated from the holding electric charge
Qth read by the current measuring unit 221, and this is trans-
mitted to the storage unit 43 by the communication unit 222
and stored as the first correction parameter.

[0133] Here, the threshold voltage Vthis calculated accord-
ing to the relational expression of the capacitor expressed as:
electrical charge amount Q=capacitance Cxvoltage V. Spe-
cifically, the threshold voltage Vth (including the correspond-
ing-voltage equal to or lower than the Vth) of the drive tran-
sistor T1 which is held by the holding capacitor Cs can be
calculated by dividing the electric charge Qth held by the
holding capacitor Cs by the capacitance of the holding
capacitor Cs.

[0134] Inthis manner, the array tester 200 can measure the
threshold voltage Vth (including the corresponding-voltage
equal to or lower than the Vth) of the drive transistor T1
included in the respective pixel units 10. In addition, the array
tester 200 can store the measured threshold voltage Vth (in-
cluding the corresponding-voltage equal to or lower than the
Vith) of the drive transistor T1 into the storage unit 43, as the
first correction parameter.

[0135] The above-described measurement procedure, that
is, the flow of the first correction parameter calculation pro-
cess shall be described using the Drawings. FIG. 9 is a flow-
chart for describing the first correction parameter calculation
process.

[0136] First, the circuit substrate provided with the pixel
units 10 each of which includes the voltage-driven drive tran-
sistor T1 and the holding capacitor Cs having the first elec-
trode connected to the gate electrode of the drive transistor T1
and the second electrode connected to the source electrode of
the drive transistor T1 is prepared (S11).
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[0137] Next, the holding capacitor Cs included in the pixel
unit 10 is caused to hold the corresponding-voltage that cor-
responds to the threshold voltage of the drive transistor T1,
and the corresponding-voltage held by the holding capacitor
Cs is read from the pixel unit 10 using the array tester 200
(S12). It should be noted that although the array tester 200
reads the electric charge Qth held in the holding capacitor Cs,
and calculates the threshold voltage Vth from the read electric
charge Qth, this is expressed as: the corresponding-voltage
held by the holding capacitor Cs is read from the pixel unit 10
using the array tester 200.

[0138] Next, the array tester 200 stores the read corre-
sponding-voltage, as a first correction parameter of the pixel
unit 10, in the predetermined storage unit 43 used for the
display panel 100 (S13).

[0139] Thus, the first correction parameter calculation pro-
cess (S1) is performed, and the first correction parameter is
stored in the storage unit 43 in the manner described above.

[0140] It should be noted that the above-described first
correction parameter calculation process is performed for
each of the pixel units 10. Then, the array tester 200 stores the
first correction parameters in the storage unit 43, in associa-
tion with the respective pixel units 10.

[0141] Subsequently, the first correction parameter stored
in the storage unit 43 is used as an offset for correcting, to the
predetermined standard luminance, the luminance of the
organic EL element D1 corresponding to the image signal
supplied to the respective pixel units 10. With this, it is pos-
sible to reduce the number of times measurement is per-
formed in the luminance measurement for the respective pix-
els for calculating gain as a second correction parameter for
correcting, to the predetermined standard luminance, the
luminance ofthe organic EL element D1 corresponding to the
image signal supplied to the respective pixel units 10.

[0142] Furthermore, as described above, the voltage that
corresponds to the threshold voltage of the drive transistor T1
is a voltage having a voltage value that is proportional to the
voltage value of the threshold voltage and is smaller than the
voltage value of the threshold voltage. In this manner, when
the value of the voltage to be read is not the value of the
threshold value of the drive transistor T1 but a voltage value
that is smaller than the voltage value of the drive transistor T'1,
the low gradation region of representative voltage-luminance
characteristics corresponds to a voltage region that is smaller
than the threshold voltage. In addition, reading the voltage
having a value smaller than the threshold value of the drive
transistor T1 and using this as the first correction parameter
(offset) produces the advantageous effect of enhancing the
correction precision in the high gradation region of the rep-
resentative voltage-luminance characteristics.

[0143] Hereinafter, a method of calculating gain which is
the second correction parameter, using the first correction
parameter (offset) shall be described.

[0144] FIG. 10 is a diagram showing a configuration of a
luminance measurement system at the time of luminance
measurement for the display panel.

[0145] Luminance measurement for the display panel 100
is performed on the prepared display panel 100 (the display
panel 100 included in an organic EL display device 40), by
using a measuring device 60. In addition, in the present sys-
tem configuration, the luminance unevenness in the display
panel 100 can be reduced while shortening the luminance
measurement time, as described later.
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[0146] The luminance measurement system shown in FIG.
10 includes the organic EL display device 40, a correction
parameter determining device 50, and the measuring device
60, and is intended to perform luminance measurement on the
display panel 100 of the organic EL display device 40 and
obtain gain which is the second correction parameter.

[0147] The organic EL display device 40 includes a control
unit 41 and the display panel 100.

[0148] As described earlier, the display panel 100 includes
the display unit 105, the scanning line drive circuit 11, and the
data line drive circuit 12, and displays images on the display
unit 105 based on signals inputted to the scanning line drive
circuit 11 and the data line drive circuit 12 from the control
unit 41.

[0149] The control circuit 41 includes a control unit 42 and
the storage unit 43, and has a function of supplying image
signals for displaying on the display panel 100, and causing
the display panel 100 to display images, by controlling the
scanning line drive circuit 11 and the data line drive circuit 12.
Specifically, the control circuit 41 causes the pixel units 10
included in the display panel 100 to emit light, according to an
instruction from a measurement control unit 51. Furthermore,
the control circuit 41 further writes, into the storage unit 43,
the second correction parameter (gain) for each of the pixel
units 10 calculated by a correction parameter calculation unit
52.

[0150] FIG. 11 is a table showing an example of a correc-
tion parameter table held by the storage unit in the present
embodiment. FIG. 12 is a diagram showing an example of a
function configuration diagram for the control circuit in the
present embodiment.

[0151] The storage unit 43 stores, for each of the pixel units
10, the correction parameters for correcting the image signals
inputted from an external source, in accordance with the
characteristics of the respective pixel units 10. Specifically,
the storage unit 43 stores a correction parameter table 43a
including the first correction parameter and the second cor-
rection parameter for each of the pixel units 10.

[0152] As shown in FIG. 11, the correction parameter table
43a is a data table which includes the correction parameter
made up of the first parameter (offset) and the second param-
eter (gain) for each of the pixel units 10. In FIG. 11, the first
correction parameters are denoted as offset OS11 to offset
OSmn. The second parameters are denoted as gain G11 to
gain Gmn, that is, the correction parameter table 43 stores
correction parameters made up of the gains and offsets (de-
noted as (G, OS) in the table) for the respective pixel units 10
in conformity with the (m rowxn column) matrix of the dis-
play unit 105.

[0153] Here, that is, at the time of the luminance measure-
ment of the display panel 100, the above-described first
parameter calculation process (S1) has already been per-
formed and the first correction parameters (offset) are stored
in the storage unit 43. In such state, the second correction
parameter is calculated by performing the luminance mea-
surement of the display panel. As such, as shown in FIG. 12,
gain, which is the second parameter, is stored in the correction
parameter table 43 as “1”, that is, (1, OS 11) to (1, OSmn) for
the sake of convenience.

[0154] The control unit 42 includes a multiplication unit
421 and an addition unit 422. The control unit 42 reads a
correction parameter corresponding to each of the pixel units
10 from the storage unit 43, and obtains a corrected signal
voltage by performing the calculation on the image signal
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corresponding to the respective pixel units 10 using the read
correction parameter. In addition, the control unit 42 causes
the display panel 100 to display an image by outputting the
corrected signal voltage obtained by calculation to the display
panel 100.

[0155] Specifically, at the time of luminance measurement
on the display panel 100, the gains, which are the correction
parameters corresponding to the respective pixel units 10 and
which are the second correction parameters, that are denoted
as “1”1in (1, OS11) to (1, OSmn) for the sake of convenience
are read from the correction parameter table 434 of the stor-
age unit 43. Then, in accordance with the read second correc-
tion parameter (gain), the signal voltage (Vdata) correspond-
ing to the respective pixel units 10 is multiplied by 1 (a gain
value). The corrected signal voltage is obtained by adding the
already stored OS (offset value) corresponding to the respec-
tive pixel units 10 to the signal voltage 1xVdata after multi-
plication.

[0156] The measuring device 60 is a measuring device
which can measure luminance that is emitted by the pixel
units 10 included in the display panel 100. Specifically, the
measuring device 60 is an image sensor such as a charge
coupled device (CCD) image sensor, and can precisely mea-
sure the luminance of all the pixel units 10 included in the
display unit 105 of the display panel 100 in one image-
capturing operation. It should be noted that the measurement
unit 60 is not limited to an image sensor and may be any type
of measuring device as long as it is capable of measuring the
luminance of the pixel units 10 of the display unit 105.
[0157] The correction parameter determining device 50
includes the measurement control unit 51 and the correction
parameter calculation unit 52. The correction parameter
determining device 50 is a device which determines the sec-
ond correction parameter (gain) for correcting, to the standard
luminance, the luminance of the pixel units 10 included in the
display unit 105 of the display panel 100, based on the lumi-
nance of the respective pixel units 10 measured by the mea-
suring device 60. Furthermore, the correction parameter
determining device 50 outputs the determined second correc-
tion parameter (gain) to the control circuit 61 of the organic
EL display device 40. Here, the standard luminance is a
luminance obtained when a predetermined voltage is inputted
to the function of the representative voltage-luminance char-
acteristics.

[0158] The measurement control unit 51 is a processing
unit which measures the luminance emitted by the pixel units
10 included in the display panel 100.

[0159] Specifically, the measurement control unit 51 first
obtains the function of the representative voltage-luminance
characteristics that is common among the pixel units 10
included in the display panel 100. Here, the representative
voltage-luminance characteristics are voltage-luminance
characteristics that serve as a standard for making luminance
uniform. For example, the representative voltage-luminance
characteristics are the voltage-luminance characteristics of
one pixel unit 10 in a predetermined position among the pixel
units 10 included in the display panel 100. Furthermore, for
example, the representative voltage-luminance characteris-
tics are voltage-luminance characteristics obtained by aver-
aging the voltage-luminance characteristics of two or more
pixel units 10 among the pixel units 10 included in the display
panel 100. It should be noted that, in this case, since the
correction parameter is calculated so that the luminance of
each of the pixel units 10 included in the display panel 100
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assumes the representative voltage-luminance characteristics
common throughout the entire display panel 100, using such
correction parameters to correct the image signals produces
the effect of being able to even out the luminance of the lights
emitted by the respective pixel units 10. Furthermore, the
function of the representative voltage-luminance characteris-
tics is a function of the relationship between the signal voltage
supplied to the drive transistor T1 and the luminance emitted
by the pixel unit 10 by way of the organic EL element D1. It
should be noted that the function of the representative volt-
age-luminance characteristics is assumed to be determined in
advance through a separate measurement and the like.
[0160] Furthermore, the measurement control unit 51
obtains the luminance by causing the control circuit 41 to
cause the pixel units 10 included in the display panel 100 to
emit light, and causing the measuring device 60 to measure
the luminance emitted by the pixel units 10.

[0161] Specifically, the measurement control unit 51
obtains the luminance by applying, to the drive transistor T1
which is the drive element included in the respective pixel
units 10, a signal voltage obtained by adding the first correc-
tion parameter of the pixel unit 10 to the signal voltage cor-
responding to one gradation level belonging to either an inter-
mediate gradation region or a high gradation region of the
representative voltage-luminance characteristics, and by
measuring the luminance emitted by the pixel units 10, using
the measuring device 60.

[0162] Here, the reason why the measurement control unit
51 measures a signal voltage corresponding to one gradation
level belonging to either the intermediate gradation region or
the high gradation region of the representative voltage-lumi-
nance characteristics shall be described. FIG. 13 shows the
voltage-luminance characteristics of a predetermined pixel
unit and the representative voltage-luminance characteristics.
(a) in FIG. 13 shows the voltage-luminance characteristics of
a predetermined pixel unit 10, and (b) in FIG. 13 shows
voltage-luminance characteristics in the case where the cor-
responding-voltage that corresponds to the threshold voltage
Vith of the drive transistor T1 calculated through the above-
described first correction parameter calculation process (S1)
is added as the first correction parameter (offset), in the pre-
determined pixel unit 10.

[0163] Asshownin (b)inFIG. 13, when the first correction
parameter (offset) is added, the voltage-luminance character-
istics of the predetermined pixel unit 10 and the representa-
tive voltage-luminance characteristics show close character-
istics in the low gradation region of the representative
voltage-luminance characteristics. In other words, by dis-
playing luminance according to a voltage to which the first
correction parameter (offset) has been added, the voltage-
luminance characteristics of the pixel units 10 show a match-
ing state with the representative voltage-luminance charac-
teristics in the low gradation region. On the other hand, in the
high gradation region of the representative voltage-lumi-
nance characteristics, the voltage-luminance characteristics
of the predetermined pixel unit 10 and the representative
voltage-luminance characteristics do not show close charac-
teristics. In other words, with the high gradation region of the
representative voltage-luminance characteristics, there is a
gap between both characteristics, and both show an
unmatched state.

[0164] Therefore, since close characteristics are shown
even when a signal voltage corresponding to one gradation
level belonging to the low gradation region among the regions
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of the representative voltage-luminance characteristics is
measured, the effect is minimal. However, it is more effective
when the measurement control unit 51 measures a signal
voltage corresponding to one gradation level belonging to
either the intermediate gradation region or the high gradation
region among the regions of the representative voltage-lumi-
nance characteristics, and calculates the gain. Specifically,
merely calculating the gain in the high gradation region of the
representative voltage-luminance characteristics is effective
because, aside from the low gradation region, it is also pos-
sible to bring the characteristics close even in the high grada-
tion region.

[0165] The correction parameter calculation unit 52 calcu-
lates the second correction parameter (gain) for the pixel,
using the luminance obtained by the measurement control
unit 51 and the function of the representative voltage-lumi-
nance characteristics. The correction parameter calculation
unit 52 outputs the calculated second correction parameter
(gain) to the control circuit 41. Subsequently, the control
circuit 51 stores the second correction parameter (gain) in the
storage unit 43.

[0166] Specifically, the correction parameter calculation
unit 52 (i) obtains, by calculation, the voltage such that the
luminance obtained by the measurement control unit 51, that
is, the luminance when the pixel unit 10 is caused to emit light
according to a predetermined signal voltage is the luminance
obtained when the predetermined signal voltage is inputted to
the function of the representative voltage-luminance charac-
teristics, and calculates the second correction parameter
(gain) indicating the ratio between such predetermined signal
voltage and the voltage obtained by calculation. In other
words, the second correction parameter (gain) is the ratio of
the predetermined signal voltage to the voltage obtained in
the case where the luminance when the pixel unit 10 is caused
to emit light according to the predetermined signal voltage is
inputted to the function of the representative voltage-lumi-
nance characteristics.

[0167] Itshould benoted that the second correction param-
eter (gain) may be calculated as the ratio of the luminance
when the pixel unit 10 is caused to emit light according to the
predetermined signal voltage and the luminance (standard
luminance) obtained when the predetermined signal voltage
is inputted.

[0168] Furthermore, the correction parameter calculation
unit 52 obtains the second correction parameter for the
respective colors, namely, the red color, green color, and blue
color emitted by the organic EL element D1.

[0169] Here, the representative voltage-luminance charac-
teristics, the high gradation region, and the low gradation
region shall be described.

[0170] FIG. 14 is a diagram for describing the representa-
tive voltage-luminance characteristics, the high gradation
region, and the low gradation region in the present embodi-
ment.

[0171] As shown in (a) in FIG. 14, the representative volt-
age-luminance characteristics show the characteristics repre-
sented by a curve in which the luminance emitted by the pixel
unit 10 is proportional to the y (gamma) power (for example,
y=2.2) of the voltage supplied to the drive transistor T1.
[0172] Inaddition, the pixel units 10 included in the display
panel 100 have respectively different voltage-luminance
characteristics. As such, in the present embodiment, the rep-
resentative voltage-luminance characteristics are assumed to
be the voltage-luminance characteristics of a single arbitrary
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pixel among the pixel units 10 included in the display panel
100. With this, the function of the representative voltage-
luminance characteristics can be obtained easily.

[0173] Tt should be noted that the representative voltage-
luminance characteristics are the characteristics set in com-
mon throughout the entirety of the display panel 100 includ-
ing the pixel units 10, and may be the characteristics obtained
by averaging the voltage-luminance characteristics of the
respective pixel units 10 included in the display panel 100. In
this case, since the correction parameter is calculated so that
the luminance of each of the pixel units 10 included in the
display panel 100 assumes the representative voltage-lumi-
nance characteristics common throughout the entire display
panel 100, using such correction parameters to correct the
image signals allows the luminance of the lights emitted by
the respective pixel units 10 to be evened-out.

[0174] Furthermore, (b) in FIG. 14 shows the representa-
tive voltage- luminance characteristics that is in accordance
with human visual sensitivity. Specifically, since the human
eye has a sensitivity that is close to a LOG function, repre-
sentative voltage-luminance characteristics that are in accor-
dance with human visual sensitivity show characteristics in
which luminance is represented by the curve of the LOG
function.

[0175] As such, since the human eye does not easily recog-
nize luminance unevenness in the high gradation regions and
easily recognizes luminance unevenness in the low gradation
regions, in order to adjust to human visual sensitivity, it is
preferable to set the width of the high gradation region wide
and the width of the low gradation region narrow.

[0176] Therefore, the signal voltage corresponding to one
gradation level belonging to the high gradation region of the
representative voltage-luminance characteristics is prefer-
ably a voltage corresponding to a gradation level that is 20%
to 100% of the maximum gradation level that can be dis-
played by each of the pixel units 10, and is more preferably a
voltage corresponding to a gradation level that is 30% of the
maximum gradation level. This is because, this allows for
maximum suppression of correction error in the high grada-
tion region.

[0177] Furthermore, the signal voltage corresponding to
one gradation level belonging to the intermediate gradation
region of the representative voltage-luminance characteris-
tics is preferably a voltage corresponding to a gradation level
that is 10% to 20% of the maximum gradation level that can
be displayed by each of the pixel units 10.

[0178] It should be noted that the one gradation level
belonging to the low gradation region of the representative
voltage-luminance characteristics is preferably a gradation
level that is 0% to 10% of the maximum gradation level that
can be displayed by each of the pixel units 10. Furthermore,
since a gradation level that is below 0.2% of the maximum
gradation level emitted by each of the pixel units 10 cannot be
visually recognized by the human eye, it is further preferable
that the one gradation level belonging to the low gradation
region of the representative voltage-luminance characteris-
tics be a gradation level that is 0.2% to 10% of the maximum
gradation level.

[0179] Next, the flow of the second correction parameter
calculation process (measurement procedure) shall be
described with reference to the Drawings. FIG. 15 is a flow-
chart showing an example of operations for calculating the
second correction parameter in the luminance measurement
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system in the present embodiment. FIG. 16 is a graph for
conceptually describing S24, and FIG. 17 is a graph for con-
ceptually describing S26.

[0180] First, the display panel 100 (organic EL display
device 40), which includes the above-described circuit sub-
strate, and includes the organic EL elements D1 which emits
light according to the drive current of the drive transistors T1
of'the respective pixel unit 10 included in the circuit substrate,
is prepared (S21)

[0181] Next, the measurement control unit 51 obtains the
function of the representative voltage-luminance characteris-
tics common among the pixel units 10 included in the display
panel 100 (S22).

[0182] Next, the measurement control unit 51 causes the
control circuit 41 to apply, to the pixel units 10 included in the
display panel 100, the signal voltage corresponding to one
gradation level of either the intermediate gradation region or
the high gradation region of the representative voltage-lumi-
nance characteristics. In the control circuit 41, the control unit
42 obtains the predetermined signal voltage by obtaining the
first correction parameter (offset) for the pixel unit 10 from
the storage unit 43 and adds this first correction parameter to
the signal voltage (S24). It should be noted that this is
because, when displaying luminance of the pixel unit 10
according to the predetermined signal voltage obtained
through the addition of the first correction parameter (offset),
the voltage-luminance characteristics thereof can be dis-
played in a matched state with the representative voltage-
luminance characteristics in the low gradation region, as
shown in FIG. 16.

[0183] Subsequently, the control circuit 41 applies the pre-
determined signal voltage to the drive transistor T1 included
in the pixel unit 10.

[0184] Next, the measurement control unit 51 measures and
obtains the luminance emitted by the pixel unit 10 included in
the display panel 100, using the measuring device 60 (S25).
Specifically, the measurement control unit 51 obtains the
luminance by causing the control circuit 41 to apply, to the
drive transistors T1 included in the respective pixel units 10,
the predetermined signal voltage obtained through the addi-
tion of the first correction parameter (offset), and by causing
the measuring device 60 to measure the luminance emitted by
the pixel units 10.

[0185] Next, the correction parameter calculation unit 52
calculates the second correction parameter (gain) using the
luminance obtained by the measurement control unit 51 and
the function of the representative voltage-luminance charac-
teristics (S26). Specifically, the correction parameter calcu-
lation unit 52 calculates the second correction parameter with
which the luminance of the pixel 10 measured and obtained in
S25 becomes the luminance obtained when the predeter-
mined signal voltage is inputted to the representative voltage-
luminance characteristics. Here, as shown in FIG. 17 for
example, the voltage-luminance characteristics of the pixel
units 10 match with the representative voltage-luminance
characteristics in the low gradation region but do not match in
the intermediate gradation region and the high gradation
region. As such, the correction parameter calculation unit 52
calculates the second correction parameter (gain) from the
luminance ratio which is the ratio between the luminance of
the pixel unit 10 and the luminance according to the repre-
sentative voltage-luminance characteristics, according to the
signal voltage (V2 in the figure) corresponding to one grada-
tion level belonging to either of the intermediate gradation
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region or the high gradation region of the representative volt-
age-luminance characteristics. It should be noted that the
details of the process in which the correction parameter cal-
culation unit 52 calculates the second correction parameter
shall be describe later.

[0186] Subsequently, the correction parameter calculation
unit 52 stores the calculated second correction parameter
(gain) in the storage unit 43, in association with the pixel unit
10 (S27). Specifically, the correction parameter calculation
unit 52 transmits the calculated second correction parameter
(gain) to the control circuit 41, in association with the pixel
unit 10, and the control circuit 41 stores the received second
correction parameter in the storage unit 43.

[0187] Inthis manner, the second correction parameter cal-
culation process (S2) for calculating the second correction
parameter is performed in the luminance measurement sys-
tem.

[0188] It should be noted that the above-described process
is performed for the respective colors, namely, the red color,
green color, and blue color emitted by the organic EL element
D1. In other words, the measurement control unit 51 mea-
sures and obtains the luminance of the pixel units 10 accord-
ing to the predetermined voltage, for the respective colors,
namely, the red color, the green color, and the blue color.
Then, the correction parameter calculation unit 52 obtains the
second correction parameter for the respective colors,
namely, the red color, green color, and blue color. Then, the
correction parameter calculation unit 52 outputs, to the con-
trol circuit 41, the second correction parameter for the respec-
tive colors, namely, the red color, green color, and blue color,
and causes the control circuit 41 to write the second correc-
tion parameter into the storage unit 43. With this, itis possible
to perform correction for the respective colors, namely, the
red color, green color, and blue color, so that luminance is
evened-out.

[0189] Furthermore, in the organic EL display device 40 in
which the correction parameters (gain) are written in the
storage unit 43, the control circuit 41 reads, from the storage
unit 43, the respective correction parameters (gain) corre-
sponding to the pixel units 10 for the image signal inputted
from the external source, and corrects the image signals cor-
responding to the respective pixel units 10. Subsequently, the
control circuit 41 causes the display panel 100 to display
images, by controlling the scanning line drive circuit 11 and
the data line drive circuit 12 based on the corrected image
signals.

[0190] FIG. 18 is a diagram for describing the process by
which the correction parameter calculation unit calculates the
second correction parameter in the present embodiment. It
should be noted that a curve A shown in FIG. 18 shows the
representative voltage-luminance characteristics, and a curve
B shows the voltage-luminance characteristics the pixel unit
10.

[0191] The correction parameter calculation unit 52 calcu-
lates, for the pixel unit 10, the second correction parameter
with which the luminance when the pixel unit 10 is caused to
emit light according to the predetermined signal voltage
becomes a luminance (standard luminance) when the prede-
termined signal voltage is inputted to the function of the
representative voltage-luminance characteristics. In other
words, as shown in FIG. 18, the correction parameter calcu-
lation unit 52 calculates the second correction parameter
(gain) for correcting such that the curve B indicating the
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voltage-luminance characteristics of the pixel unit 10
approaches the curve A indicating the representative voltage-
luminance characteristics.

[0192] Specifically, the correction parameter calculation
unit 52 first calculates a gain calculation voltage which is the
voltage obtained in the case where the luminance when the
pixel unit 10 is caused to emit light according to the prede-
termined signal voltage is inputted to the function of the
representative voltage-luminance characteristics. As shown
in FIG. 18, the correction parameter calculation unit 52 cal-
culates a gain calculation voltage Vdata_hk which is the
voltage obtained in the case where the luminance Lh when the
pixel unit 10 is caused to emit light according to the prede-
termined signal voltage Vdata_h is inputted to the curve A.
[0193] Next, the correction parameter calculation unit 52
calculates the gain as the second correction parameter, using
the predetermined signal voltage and the gain calculation
voltage. Specifically, the correction parameter calculation
unit 52 calculates a gain G according to the equation below,
using the predetermined signal voltage Vdata_h and the gain
calculation voltage Vdata_hk.

AVh=Vdata_ hk—Vdata_h (Equation 1)

G={1-AVh/(Vdata__h+AVh)}

[0194] In other words, the gain G is a numerical value
showing the ratio of the predetermined signal voltage Vda-
ta_h to the gain calculation voltage Vdata_hk.

[0195] It should be noted that the correction parameter
calculation unit 52 may calculate the gain G using a method
other than that described above, and may, for example, cal-
culate the gain G by calculating AVh using (i) the luminance
difference ALh between the luminance Lh and the standard
luminance and (ii) a slope mh of the curve A shown in FIG.
18.

[0196] Subsequently, the correction parameter calculation
unit 52 stores the gain, which is the second correction param-
eter, in the storage unit 43 included in the organic EL display
device 40. Specifically, by outputting the second correction
parameter to the control circuit 41, the control parameter
calculation unit 52 causes the control circuit 41 to write the
second correction parameter into the storage unit 43 and
update the correction parameter table 43a.

[0197] With this, the process in which the correction
parameter calculation unit 52 calculates the second correction
parameter (S26 in FIG. 15) ends.

[0198] Thus, according to the present invention, by per-
forming the above described first correction parameter calcu-
lation process (S1) and the second correction parameter cal-
culation process (S2) as shown in FIG. 19, it is possible to
realize an organic EL display device and a manufacturing
method thereof which can shorten the measuring tact, from
when the luminance measurement for each pixel is performed
up to when the correction parameter is obtained.

[0199] In this manner, according to the organic EL display
device and the manufacturing method thereof according to
the present invention, first, the holding capacitor Cs included
in the pixel unit 10 is caused to hold the threshold voltage of
the drive transistor T1, and the threshold voltage held by the
holding capacitor Cs is obtained using the array tester 200.
Then, the corresponding-voltage that corresponds to the
obtained threshold voltage is stored, as the first correction
parameter of the pixel unit 10, in the predetermined storage
unit 43 used for the display panel 100. Although the above-
described luminance difference in the low gradation-side

(Equation 2)
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affects the variation in the threshold voltage of the drive
transistors T1, the luminance emitted by the respective pixel
units 10 can be matched with the representative voltage-
luminance characteristics in the low gradation region, by
using the corresponding-voltage that corresponds to the
threshold voltage as an offset (first correction parameter).
Next, the predetermined voltage obtained by adding the first
correction parameter to the signal voltage corresponding to
one gradation level belonging to the intermediate gradation
region or the high gradation region is calculated, and lumi-
nance measurement is performed for the first time by apply-
ing the predetermined voltage to the drive transistor T1
included in the pixel unit 10. More specifically, by adding the
first correction parameter, which is the corresponding-volt-
age that corresponds to the threshold value of the drive tran-
sistor T1, to the signal voltage corresponding to the one
gradation level belonging to the intermediate gradation
region or the high gradation region, the luminance measure-
ment in the intermediate gradation region or the high grada-
tion region can be performed with the luminance in the low
gradation region matching the representative voltage-lumi-
nance characteristics. Subsequently, the second correction
parameter with which the luminance of the pixel unit 10
becomes the standard luminance obtained when the predeter-
mined voltage is inputted to the function of the representative
voltage-luminance characteristics is calculated for the pixel
unit 10.

[0200] Therefore, as described above, the corresponding
voltage that corresponds to the threshold voltage of the drive
transistor T1 is read and used as the first correction parameter,
and the luminance of the respective pixel units 10 in the high
gradation region is matched with the luminance indicated by
the representative voltage-luminance characteristics in the
state where the luminance in the low gradation region
matches the representative voltage-luminance characteris-
tics. With this, the emitted luminance in the two gradation
levels of the predetermined one gradation level belonging to
the low gradation region and the predetermined one gradation
level belonging to another gradation region can be made to
match the representative voltage-luminance characteristics.
As aresult, since the luminance variation of the display panel
100 that is recognizable by the human eye can be suppressed
and it is possible to arbitrarily select one gradation level on
which to perform luminance measurement, it is possible to
suppress luminance unevenness in a desired gradation region
other than the low gradation region.

[0201] Furthermore, since the first correction parameter
(offset) can be calculated in one measurement and the second
correction parameter (gain) can be calculated in one lumi-
nance measurement, the first correction parameter and the
second correction parameter can be calculated in a total of
two measurements. As a result, the advantageous effect of
being able to shorten measuring tact, from the performance of
the luminance measurement for the respective pixel units 10
up to the calculation of the correction parameters (gain, off-
set) is produced.

(Modification)

[0202] Although the second correction parameter (gain) is
determined for the pixel units 10 included in the display panel
100 in the above-described embodiment, the present inven-
tion is not limited to such. The display panel 100 may be
divided into segments, and the second correction parameter
(gain) may be determined for each of the segments.
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[0203] FIG. 20 is a diagram showing a configuration of a
luminance measurement system at the time of luminance
measurement of a display panel according to a modification
of the present embodiment. It should be noted that, since the
control circuit 41, the display panel 100, and the measuring
device 60 have the same functions as the control circuit 41, the
display panel 100, and the measuring device 60 shown in FIG.
10, detailed description thereof shall be omitted.

[0204] The correction parameter determining device 50
includes a segmenting unit 53 aside from the measurement
control unit 51 and the correction parameter calculation unit
52.

[0205] The segmenting unit 53 divides the display panel
100 into segments, and issues an instruction to the measure-
ment control unit 51 and the correction parameter calculation
unit 52 so that processing is performed on a per segment basis.
[0206] Following the instruction of the segmenting unit 53,
the measurement control unit 51 obtains, on a per segment
basis, the function of the representative voltage-luminance
characteristics common among the pixel units 10 included in
each of the segments.

[0207] Following the instruction of the segmenting unit 53,
the correction parameter calculation unit 52 calculates the
second correction parameter with which the luminance when
a pixel unit 10 included in a segment measured by the mea-
surement control unit 51 is caused to emit light according to
the predetermined signal voltage becomes the standard volt-
age obtained when the predetermined signal voltage is input-
ted to the function of the representative voltage-luminance
characteristics for the segment. Furthermore, following the
instruction of the segmenting unit 53, the correction param-
eter calculation unit 52 calculates the second correction
parameter with which the luminance when the pixel unit 10
included in a segment measured by the measurement control
unit 51 is caused to emit light according to the predetermined
signal voltage becomes the standard voltage obtained when
the predetermined signal voltage is inputted to the function of
the representative voltage-luminance characteristics for the
segment.

[0208] FIG.21 is a flowchart showing an example of opera-
tion by which the correction parameter determining device 50
determines the correction parameter, according to the modi-
fication of the present embodiment.

[0209] First, the display panel 100 (organic EL display
device 40) is prepared (S31). It should be noted that since
details are the same as in S21 in FIG. 15, description shall be
omitted.

[0210] Next, the segmenting unit 53 divides the display
panel 100 into segments (S32). Here, although there is no
particular limitation as to the number of segments into which
the segmenting unit 53 divides the display panel 100, the
segmenting unit 53, for example, divides the display panel
100 into 16 verticalx26 horizontal segments.

[0211] Next, the measurement control unit 51 obtains, for
each of such segments, the function of the representative
voltage-luminance characteristics common among the pixel
units 10 included in each of the segments (S33).

[0212] Next, the measurement control unit 51 obtains the
predetermined signal voltage (S34). It should be noted that,
since details are the same as S24, description shall be omitted.
[0213] Next, the measurement control unit 51 measures and
obtains, using the measuring device 60, the luminance
according to the predetermined signal voltage for the pixel
units 10 included in all of the segments (S35). Here, the
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measurement control unit 51 simultaneously obtains the
luminance of the pixel units 10 by causing the pixel units 10
included in all of the segments to simultaneously emit light
according to the predetermined signal voltage.

[0214] Next, the correction parameter calculation unit 52
calculates the second correction parameter (gain) for the pixel
units 10 included in all of the segments (S36). In this manner,
the correction parameter calculation unit 52 calculates, for the
pixel unit 10, the correction parameter with which the lumi-
nance when the pixel unit 10 is caused to emit light according
to the predetermined signal voltage becomes the luminance
obtained when the predetermined signal voltage is inputted to
the function of the representative voltage-luminance charac-
teristics for the segment including the pixel unit 10.

[0215] Subsequently, the correction parameter calculation
unit 52 stores the calculated second correction parameter
(gain) in the storage unit 43, in association with the pixel unit
10 (S37).

[0216] Inthis manner, the display panel 100 is divided into
segments, and the representative voltage-luminance charac-
teristics common among the pixel units 10 included in each of
the segments is set on a per segment basis. Then, the correc-
tion parameter calculation unit 52 calculates the second cor-
rection parameter with which the luminance when the pixel
unit 10 is caused to emit light according to the predetermined
signal voltage becomes the luminance obtained when the
predetermined signal voltage is inputted to the function of the
representative voltage-luminance characteristics for the seg-
ment including the pixel unit 10. With this, it is possible, for
example, to correct only a segment in which luminance
unevenness occurs because luminance change between adja-
cent pixels is severe, and thus it is possible to calculate a
second correction parameter with which the luminance
change between the adjacent pixels becomes smooth.

[0217] Although the organic EL display device manufac-
turing method and the organic EL display device according to
the present invention have been described based on an
embodiment, the present invention is not limited to such
embodiment. Various modifications of the exemplary
embodiment as well as embodiments resulting from arbitrary
combinations of constituent elements of different exemplary
embodiments that may be conceived by those skilled in the art
are intended to be included within the scope of the present
invention as long as these do not depart from the essence of
the present invention.

INDUSTRIAL APPLICABILITY

[0218] The present invention is particularly useful as
method of manufacturing an organic EL flat-panel display in
which an organic EL display device is built into, and is most
suitable for use as a method of manufacturing an organic EL,
display device that can reduce luminance unevenness in a
display panel while reducing measuring time.

What is claimed is:

1. A method of manufacturing an organic electrolumines-
cence display, the organic electroluminescence display
including a display panel and storing a correction parameter
in a storage used for the display panel, the method compris-
ing:

preparing a substrate including pixels, each of the pixels

including:
a driver that is voltage driven and includes a gate, a
source, and a drain; and
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a capacitor that includes a first electrode connected to
the gate and a second electrode connected to one of
the source and the drain;

causing the capacitor included in a subject pixel to hold a
corresponding voltage which corresponds to a threshold
voltage of the driver, and reading the corresponding
voltage held by the capacitor included in the subject
pixel with a first measurer, the subject pixel being one of
the pixels to be processed;

storing the corresponding voltage as a first correction
parameter of the subject pixel in the storage using the
first measurer;

preparing the display panel including the substrate and
light-emitters by which the pixels emit light according to

a drive current of the driver of each of the pixels;

obtaining representative voltage-luminance characteristics
common among the pixels;

obtaining a first signal voltage by adding the first correction
parameter of the subject pixel to a second signal voltage
corresponding to a single gradation level belonging to
one of an intermediate gradation region and a high gra-
dation region of the representative voltage-luminance
characteristics;

applying the first signal voltage to the driver included in the
subject pixel, and measuring a luminance emitted by the
subject pixel with a second measurer;

calculating a second correction parameter with which the
luminance emitted by the subject pixel becomes a stan-
dard luminance, the standard luminance being obtained
when the first signal voltage is input to a function of the
representative voltage-luminance characteristics; and

storing the second correction parameter in the storage in
association with the subject pixel,

wherein, when calculating the second correction param-
eter, acalculated voltage is calculated such that the lumi-
nance emitted by the subject pixel is the standard lumi-
nance, and

the second correction parameter is a gain indicating a ratio
between the first signal voltage and the calculated volt-
age.

2. The method according to claim 1,

wherein the second electrode of the capacitor is connected
to the source of the driver,

each of the pixels further includes:

a first power line for determining a potential of the drain
of the driver;

a second power line connected to a third electrode of a
corresponding one of the light emitters;

a third power line for supplying a first standard voltage
that defines a voltage value of the first electrode of the
capacitor;

adata line for supplying a second standard voltage that is
less than a difference of the first standard voltage
minus the threshold voltage of the driver;

a first switch for switchedly interconnecting the first
electrode of the capacitor and the third power line;

a second switch for switchedly interconnecting the data
line and the second electrode of the capacitor; and

a third switch for switchedly interconnecting the source
ofthe driver and the second electrode of the capacitor,
and

when causing the capacitor included in the subject pixel to
hold the corresponding voltage:
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a potential difference that is larger than the threshold
voltage of the driver is generated in the capacitor by
placing the first switch in a first ON state to apply the
first standard voltage to the first electrode of the
capacitor, and placing the second switch in a second
ON state to apply the second standard voltage to the
second electrode of the capacitor; and

the capacitor is caused to hold the corresponding voltage
that corresponds to the threshold voltage by waiting
until the potential difference in the capacitor is the
threshold voltage of the driver and the driver turns
OFF.

3. The method according to claim 2,

wherein the first power line and the third power line are a
common power line.

4. The method according to claim 1,

wherein the display panel is prepared in place of preparing
the substrate.

5. The method according to claim 4,

wherein, when causing the capacitor included in the sub-
ject pixel to hold the corresponding voltage, a standard
voltage is supplied to the capacitor and the standard
voltage is set so that a potential difference between elec-
trodes of a light-emitter of the subject pixel is less than a
threshold voltage of the light-emitter at which the light-
emitter emits light.

6. The method according to claim 1,

wherein, when causing the capacitor included in the sub-
ject pixel to hold the corresponding voltage:

a current corresponding to the corresponding voltage is
supplied from the second electrode of the capacitor to a
data line, by placing a second switch that switchedly
interconnects the second electrode of the capacitor and
the data line in an ON state after causing the capacitor to
hold the corresponding voltage that corresponds to the
threshold voltage; and

the corresponding voltage held by the capacitor is read by
measuring, with the first measurer, the current supplied
to the data line.

7. The method according to claim 1,

wherein the corresponding voltage that corresponds to the
threshold voltage is proportional to the threshold voltage
and smaller than the threshold voltage.

8. The method according to claim 1,

wherein the second signal voltage corresponds to the single
gradation level belonging to the high gradation region of
the representative voltage-luminance characteristics and
is from approximately 20% to approximately 100% of a
maximum gradation level that is displayable by each of
the pixels.

9. The method according to claim 1,

wherein the second signal voltage corresponds to the single
gradation level belonging to the high gradation region of
the representative voltage-luminance characteristics and
is approximately 30% of a maximum gradation level that
is displayable by each of the pixels.

10. The method according to claim 1,

wherein the signal voltage corresponds to the single gra-
dation level belonging to the intermediate gradation
region of the representative voltage-luminance charac-
teristics and is approximately 10% to approximately
20% of a maximum gradation level that is displayable by
each of the pixels.
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11. The method according to claim 1,

wherein the representative voltage-luminance characteris-
tics are voltage-luminescence characteristics of a prede-
termined single pixel of the pixels included in the dis-
play panel.

12. The method according to claim 1,

wherein the representative voltage-luminance characteris-
tics are characteristics obtained by averaging voltage-
luminescence characteristics of at least two pixels of the
pixels included in the display panel.

13. The method according to claim 1,

wherein, when obtaining the representative voltage-lumi-
nance characteristics, the display panel is divided into
segments, and the representative voltage-luminance
characteristics are obtained for each of the segments, the
representative voltage-luminance characteristics being
common among ones of the pixels included in each of
the segments, and

when calculating the second correction parameter, the sec-
ond correction parameter with which the luminance
emitted by the subject pixel becomes the standard lumi-
nance is calculated for the subject pixel with the standard
luminance being obtained when the first signal voltage is
input to the function of the representative voltage-lumi-
nance characteristics for the segment including the sub-
ject pixel.

14. The method according to claim 1,

wherein the first measurer is an array tester.

15. The method according to claim 1,

wherein the second measurer is an image sensor.

16. An organic electroluminescence element, comprising:

a display panel including pixels, each of the pixels includ-
ing:

a light-emitter,

adriver including a gate, a source, and a drain, the driver
being voltage-driven and controlling a supply of cur-
rent to the light-emitter; and

a capacitor including a first electrode connected to the
gate and a second electrode connected to one of the
source and the drain;

a storage configured to store a correction parameter for
each of the pixels for correcting, in accordance with
characteristics of the pixels, an image signal inputted
from an external source; and
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a controller configured to obtain, for each pixel of the
pixels, a corrected signal voltage by reading the correc-
tion parameter corresponding to the pixel from the stor-
age and calculating the corrected signal voltage from the
image signal corresponding to the pixel using the cor-
rection parameter read from the storage,
wherein the correction parameter is generated by:
causing the capacitor included in a subject pixel to hold
a corresponding voltage which corresponds to a
threshold voltage of the driver, and reading the corre-
sponding voltage held by the capacitor included in the
subject pixel with a first measurer, the subject pixel
being one of the pixels to be processed;

storing the corresponding voltage as a first correction
parameter of the subject pixel in the storage using the
first measurer;

obtaining representative voltage-luminance characteris-
tics common among the pixels included in the display
panel;

obtaining a first signal voltage by adding the first cor-
rection parameter of the subject pixel to a second
signal voltage corresponding to a single gradation
level belonging to one of an intermediate gradation
region and a high gradation region of the representa-
tive voltage-luminance characteristics;

applying the first signal voltage to the driver included in
the subject pixel, and measuring a luminance emitted
by the subject pixel with a second measurer;

calculating a second correction parameter with which
the luminance emitted by the subject pixel becomes a
standard luminance, the standard luminance being
obtained when the first signal voltage is input to a
function of the representative voltage-luminance
characteristics; and

storing the second correction parameter in the storage in
association with the subject pixel,

when calculating the second correction parameter, a calcu-
lated voltage is calculated such that the luminance emit-
ted by the subject pixel is the standard luminance, and

the second correction parameter is a gain indicating a ratio
between the first signal voltage and the calculated
voltage.
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