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DISPLAY DEVICE AND METHOD FOR
DRIVING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a display device,
and more specifically relates to a display device provided
with a pixel circuit including an electro-optic element such as
an organic EL (Electro Luminescence) element, and a method
for driving the same.

BACKGROUND ART

[0002] As a display element provided in a display device,
there have hitherto been an electro-optic element whose lumi-
nanceis controlled by an applied voltage, and an electro-optic
element whose luminance is controlled by a flowing current.
Examples of the electro-optic element whose luminance is
controlled by an applied voltage include a liquid crystal dis-
play element. Meanwhile, examples of the electro-optic ele-
ment whose luminance is controlled by a flowing current
include an organic EL element. The organic EL display
device using the organic EL element as a self-emitting ele-
ment can be reduced in thickness and power consumption and
increased in luminance as compared to the liquid crystal
display device which generally requires a backlight, a color
filter and the like, and is thus under active development in
recent years.

[0003] There are two kinds of drive systems for the organic
EL display device, which are a passive matrix system (also
called simple matrix system) and an active matrix system. An
organic EL display device that employs the passive matrix
system (hereinafter referred to as “passive matrix-type
organic EL display device”) has a simple structure, but is
difficult to increase in size and resolution. In contrast, an
organic EL display device that employs the active matrix
system (hereinafter referred to as “active matrix-type organic
EL display device”) can easily achieve a large size and high
resolution as compared to the passive matrix-type organic EL
display device.

[0004] Inthe active matrix-type organic EL display device,
there is used a drive transistor which controls a drive current
to be supplied to the organic EL element in accordance with
a voltage applied between a gate and a source. As the drive
transistor, a thin-film transistor (which may be hereinafter
abbreviated as “TFT”) is typically used. Examples of the
thin-film transistor include an amorphous silicon TFT, an
LIPS (Low Temperature Poly Silicon)-TFT, and an oxide
TFT (TFT whose channel layer is formed of an oxide semi-
conductor). Further, examples of the oxide TFT include an
1GZO-TFT whose channel layer is formed of InGaZnOx
(hereinafter referred to as “1GZ0”) as an oxide semiconduc-
tor mainly composed of indium (In), gallium (Ga), zinc (Zn)
and oxygen (0). When the thin-film transistor is used as the
drive transistor, there occur a variety of variations such as
variations in threshold voltage, mobility, channel width,
channel length, and thickness of a gate insulating film (gate
insulating film capacitance) among pixel circuits. Since the
characteristics of the drive transistor vary among pixel cir-
cuits, the drive currents vary. This results in deterioration in
display quality. It is to be noted that variations in mobility,
gate width, gate length and thickness of a gate insulating film
may be hereinafter referred to collectively as a “variation in
gain”.
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[0005] There has hitherto been known an organic EL dis-
play device which performs a variety of compensation by use
of a transistor and/or a capacitance or the like in the pixel
circuit. Patent Document 1 discloses an organic EL display
device, where a transistor for detecting a fluctuation of a
threshold voltage of a drive transistor is provided in a pixel
circuit, thereby compensating a variation in threshold volt-
age. Further, Patent Document 2 discloses an organic EL
display device which compensates variations in both thresh-
old voltage and mobility by use of a power supply line in
which a low potential and a high potential are switched at
predetermined timing and a parasitic capacitance formed at
each end of an organic EL element. It is to be noted that in the
present specification, compensation of the variation in thresh-
old voltage and compensation of the variation in mobility (or
gain) may be referred to as “threshold voltage compensation”
and “mobility (or gain) compensation”, respectively. Further,
Patent Document 3 discloses an organic EL display device
which performs the threshold voltage compensation by use of
a parasitic capacitance formed at each end of an organic EL
element, and the like. Moreover, Non-Patent Document 1
discloses a pixel circuit, where two capacitance elements
connected in series are provided between a gate and a source
of a drive transistor, a voltage at one end of one of the capaci-
tance elements is set to a value in accordance with a threshold
voltage, and then the one capacitance element is connected
between the gate and the source of the drive transistor while
the other capacitance element is short-circuited, thereby per-
forming the threshold voltage compensation.

[0006] Furthermore, there is known an organic EL display
device which performs a variety of compensation by use ofa
circuit provided outside a pixel circuit (hereinafter simply
referred to as “external circuit”). Patent Document 4 discloses
an organic EL display device which compares a target current
and a measured current, obtained by measuring a drive cur-
rent made to flow by a drive transistor in an external circuit
provided with respect to each column, and performs offset
correction for performing the threshold voltage compensa-
tion on video data that is to be sent to a data driver in accor-
dance with the comparison result. It should be noted that a
configurationrelated to the external circuit disclosed in Patent
Document 4 is also disclosed in Patent Document 5 (however,
since a description of a compensation operation by the exter-
nal circuit is more simplified in Patent Document 5 than in
Patent Document 4, a description of Patent Document 5 will
be hereinafter omitted). Further, Patent Document 6 discloses
an organic EL display device which measures an average
drive current of all pixel circuits in an external circuit to
update a correcting gain and a correcting offset, and corrects
image data by use of these correcting gain and correcting
offset. It is thus possible to perform both the threshold voltage
compensation and the gain compensation. Moreover, Patent
Document 7 discloses an organic EL display device which
measures a drive current of each pixel circuit to update a
correcting gain and a correcting offset, and corrects image
data by use of these correcting gain and correcting offset. It is
possible to perform both the threshold voltage compensation
and the gain compensation. Furthermore, Patent Document 8
discloses an organic EL display device which acquires a
detection voltage Vsen in accordance with a threshold voltage
by use of a current source in an external circuit, and controls
a drive transistor with a voltage, obtained by adding a data
fluctuation amount AVdata' in accordance with a movement
deviation amount MV corresponding to each pixel circuit to
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the detection voltage Vsen, thereby performing both the
threshold voltage compensation and the mobility compensa-
tion. Tris to be noted that the movement deviation amount MV
corresponding to each pixel circuit is previously prepared in
a memory.

PRIOR ART DOCUMENTS

Patent Documents

[0007] [Patent Document 1] Japanese Laid-Open Patent
Publication No. 2005-31630

[0008] [Patent Document 2] Japanese Laid-Open Patent
Publication No. 2007-310311

[0009] [Patent Document 3] Japanese Laid-Open Patent
Publication No. 2011-242767

[0010] [Patent Document 4] U.S. Pat. No. 7,619,597
[0011] [Patent Document 5] U.S. Pat. No. 7,924,249
[0012] [Patent Document 6] Japanese Laid-Open Patent

Publication No. 2005-284172

[0013] [Patent Document 7] Japanese Laid-Open Patent
Publication No. 2009-258302

[0014] [Patent Document 8] Japanese Laid-Open Patent
Publication No. 2009-199057

Non-Patent Document

[0015] [Non-Patent Document 1] Yeon Gon Mo et al.,
“Amorphous Oxide TFT Backplane for Large Size
AMOLED TVs”, Symposium Digest for 2010 Society for
Information Display Symposium, pp. 1037-1040, 2010

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0016] Incidentally, in the pixel circuits disclosed in Patent
Documents 1 and 3 and Non-Patent Document 1, only the
threshold voltage compensation is performed and the gain
(mobility) compensation is not performed. For this reason,
the variation in characteristics of the drive transistor cannot be
sufficiently compensated. FIG. 56 is a diagram showing gate-
source voltage/drive current characteristics of a plurality of
drive transistors with mutually different characteristics
before the threshold voltage compensation in the pixel cir-
cuits disclosed in each of Patent Document 3 and Non-Patent
Document 1. FIG. 57 is a diagram showing gate-source volt-
age/drive current characteristics of the plurality of drive tran-
sistors with mutually different characteristics after the thresh-
old voltage compensation in the pixel circuits disclosed in
each of Patent Document 3 and Non-Patent Document 1. As
shown in FIGS. 56 and 57, the variation in characteristics of
the drive transistor cannot be sufficiently compensated only
by performing the threshold voltage compensation. Further,
the pixel circuit disclosed in Patent Document 2 can be
applied to a pixel circuit using as the drive transistor a tran-
sistor such as an LTPS-TFT which has a negative correlation
between the threshold voltage and the mobility, but cannot be
applied to a pixel circuit using an amorphous silicon TFT, an
IGZO-TFT or the like which does not have such a negative
correlation.

[0017] Further, in the organic EL display device disclosed
in Patent Document 4, only the offset compensation is per-
formed, namely only the threshold voltage compensation is
performed, and hence the variation in characteristics of the
drive transistor cannot be sufficiently compensated. More-
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over, in the organic EL display device disclosed in Patent
Document 6, the correcting gain and the correcting offset are
updated based on the average drive current of all the pixel
circuits, and hence the gain compensation and the threshold
voltage compensation with respect to each pixel circuit can-
not be sufficiently performed. Furthermore, in the organic EL
display device disclosed in Patent Document 7, the drive
current is outputted from wiring connected in common to
cathode terminals of the organic EL elements of respective
pixel circuits, and hence it is necessary to turn off the organic
EL elements of all the pixel circuits except for a pixel circuit
as a measurement target in order to measure the drive current
with respect to each pixel circuit. This makes it difficult to
measure the drive current while performing display. That is, it
is difficult to perform the compensation while performing
display. Further, in the organic EL display device disclosed in
Patent Document 8, since it is necessary to previously mea-
sure and prepare the movement deviation amount MV corre-
sponding to each pixel circuit, when the mobility of the drive
transistor changes with time, the mobility compensation can-
not be performed as following the change.

[0018] Accordingly, it is an object of the present invention
to provide a display device and a method for driving the same,
which can perform threshold voltage compensation and gain
compensation of a drive transistor with respect to each pixel
circuit, while performing display.

Means for Solving the Problems

[0019] According to a first aspect of the present invention,
there is provided an active matrix-type display device includ-
ing: a display portion which includes a plurality of data lines,
a plurality of scanning lines, and a plurality of pixel circuits
arranged corresponding to the plurality of data lines and the
plurality of scanning lines; a data drive portion connected to
the plurality of data lines; a scanning drive portion connected
to the plurality of scanning lines; and a display control portion
which controls the scanning drive portion and sends, to the
data drive portion, video data that corresponds to either of a
plurality of gradations, wherein each pixel circuit includes an
electro-optic element controlled by a current, an input tran-
sistor which has a control terminal connected to a correspond-
ing scanning line and is in an on-state when the scanning line
is selected, a drive capacitance element to which a data volt-
age based on the video data is given via a corresponding data
line and the input transistor, and a drive transistor which
controls a drive current to be supplied to the electro-optic
element in accordance with a voltage held by the drive capaci-
tance element, the input transistor is, when being in the on-
state, capable of outputting to the data line the drive current
flowing through the drive transistor, the scanning drive por-
tion alternately repeats a first period for writing the data
voltage into the pixel circuit by sequentially selecting the
plurality of scanning lines and a second period for outputting,
from the pixel circuit to the data line via the input transistor,
the drive current flowing through the drive transistor by
sequentially selecting a predetermined number of scanning
lines out of the plurality of scanning lines, and shifts the
predetermined number of scanning lines to be selected in
each of the second periods, the data drive portion includes a
current measurement portion which measures a drive current
in accordance with a data voltage based on video data corre-
sponding to a relatively low first gradation out of the plurality
of gradations to acquire first measurement data, and measures
a drive current in accordance with a data voltage based on
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video data corresponding to a relatively high second grada-
tion out of the plurality of gradations to acquire second mea-
surement data, with respect to each of the data lines in the
second period, and a data voltage supply portion which sup-
plies the data voltage to the data line in the first period and the
second period, and the display control portion corrects the
video data based on the first measurement data and the second
measurement data acquired by the current measurement pot-
tion.

[0020] According to a second aspect of the present inven-
tion, in the first aspect of the present invention, the display
device further includes a storage portion which stores correc-
tion data that is used for correcting the video data, wherein the
current measurement portion sends the first measurement
data and the second measurement data to the display control
portion in the second period, the display control portion, in
the second period, sends video data corresponding to the
respective first gradation and second gradation to the data
drive portion and receives the first measurement data and the
second measurement data from the current measurement por-
tion, to update the correction data based on results of respec-
tive comparisons of ideal characteristic data indicating ideal
characteristics of the drive transistor which correspond to the
first gradation and the second gradation, with the received
first measurement data and second measurement data, and the
display control portion, in the first period and the second
period, reads the correction data from the storage portion to
correct the video data based on the correction data.

[0021] According to a third aspect of the present invention,
in the second aspect of the present invention, the correction
data includes first correction data for threshold voltage com-
pensation of the drive transistor and second correction data
for gain compensation of the drive transistor, and the display
control portion updates the first correction data based on the
comparison result between the first measurement data and the
ideal characteristic data, and updates the second correction
data based on the comparison result between the second mea-
surement data and the ideal characteristic data.

[0022] According to a fourth aspect of the present inven-
tion, in the third aspect of the present invention, the display
control portion changes respective values of the first correc-
tion data and the second correction data only by previously set
fixed values when the respective first correction data and
second correction data are to be updated.

[0023] According to a fifth aspect of the present invention,
in the second aspect of the present invention, the display
control portion supplies the data drive portion with an input/
output control signal, which goes to a first level at the time
when the data voltage is to be written into the pixel circuit and
which goes to a second level at the time when the drive current
is to be outputted to the data line, the data voltage supply
portion includes a conversion portion which converts the
video data to the data voltage, the data voltage supply portion
and the current measurement portion each include in common
an operational amplifier having a non-inverting input termi-
nal connected to an output terminal of the conversion portion
and an inverting input terminal connected to a corresponding
data line, and a control switch which is provided between the
inverting input terminal and an output terminal of the opera-
tional amplifier, and which is closed at the time of the input/
output control signal being on the first level and is opened at
the time of the input/output control signal being on the second
level, the current measurement portion includes a current/
voltage conversion element provided between the inverting
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input terminal and the output terminal of the operational
amplifier in parallel to the control switch, and a measurement
data acquirement portion which is connected to the output
terminal of the operational amplifier and acquires the first
measurement data or the second measurement data from an
output of the operational amplifier, and a data voltage,
obtained by converting video data that corresponds to the first
gradation or the second gradation, is inputted into the non-
inverting input terminal of the operational amplifier when the
input/output control signal is on the second level.

[0024] According to asixth aspect of the present invention,
in the fifth aspect of the present invention, the current/voltage
conversion element is a resistance element.

[0025] According to a seventh aspect of the present inven-
tion, in the fifth aspect of the present invention, the current/
voltage conversion element is a capacitance element.

[0026] According to an eighth aspect of the present inven-
tion, in the fifth aspect of the present invention, the current
measurement portion further includes a voltage holding por-
tion which is provided between the operational amplifier and
the measurement data acquirement portion to hold an output
voltage of the operational amplifier.

[0027] According to a ninth aspect of the present invention,
in the fifth aspect of the present invention, the measurement
data acquirement portion acquires the first measurement data
or the second measurement data based on at least an output
voltage of the operational amplifier and the video data.

[0028] According to a tenth aspect of the present invention,
in the ninth aspect of the present invention, the current mea-
surement portion further includes a first selector and a second
selector provided in common with respect to a predetermined
number, being two or more, of the operational amplifiers, the
first selector receives output voltages of the predetermined
number of operational amplifiers, and gives any of the
received output voltages of the operational amplifiers to the
measurement data acquirement portion based on an address
signal received from the outside, and the second selector
receives video data before conversion of the data voltages that
are given to the non-inverting input terminals of the predeter-
mined number of operational amplifiers, and gives any of the
received video data to the measurement data acquirement
portion based on the address signal.

[0029] According to an eleventh aspect of the present
invention, in the fifth aspect of the present invention, a level of
the input/output control signal changes to the first level, the
second level, the first level, the second level and the first level
sequentially from a start point of a selection period in which
each scanning line is selected in the second period, in three
periods in which the input/output control signal is on the first
level in each selection period, the display control portion
sends, to the data voltage supply portion, video data corre-
sponding to one of the first gradation and the second grada-
tion, video data corresponding to the other one of the first
gradation and the second gradation, and video data corre-
sponding to either of the plurality of gradations, respectively,
sequentially from the start point of the selection period, and in
two periods in which the input/output control signal is on the
second level in each selection period, the measurement data
acquirement portion acquires the one of the first measurement
data and the second measurement data and the other of the
first measurement data and the second measurement data,
respectively, sequentially from the start point of the selection
period.
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[0030] According to a twelfth aspect of the present inven-
tion, in the eleventh aspect of the present invention, the cur-
rent measurement portion sends, in two periods in which the
input/output control signal is on the second level in each
selection period, to the display control portion the one of the
first measurement data and the second measurement data and
the other of the first measurement data and the second mea-
surement data, respectively, sequentially from the start point
of the selection period.

[0031] According to a thirteenth aspect of the present
invention, in the eleventh aspect of the present invention, the
current measurement portion sends, in a latter period out of
two periods in which the input/output control signal is on the
second level in each selection period, to the display control
portion the one of the first measurement data and the second
measurement data, and sends, in a period immediately after
completion of the selection period, to the display control
portion the other of the first measurement data and the second
measurement data.

[0032] According to a fourteenth aspect of the present
invention, in the eleventh aspect of the present invention, the
current measurement portion sends, in a period immediately
after completion of each selection period, to the display con-
trol portion the one of the first measurement data and the
second measurement data and the other of the first measure-
ment data and the second measurement data.

[0033] According to a fifteenth aspect of the present inven-
tion, in the eleventh aspect of the present invention, the cur-
rent measurement portion sends, in a period after completion
of all selection periods in the second period, to the display
control portion the first measurement data and the second
measurement data, acquired in each selection period.

[0034] According to a sixteenth aspect of the present inven-
tion, in any of the twelfth to fifteenth aspects of the present
invention, the display control portion and the data drive por-
tion send and receive the video data, the first measurement
data and the second measurement data to and from each other
by use of a bidirectional communication bus.

[0035] According to a seventeenth aspect of the present
invention, in any of the twelfth to fifteenth aspects of the
present invention, the data voltage supply portion further
includes a data latch portion which outputs the video data
received from the display control portion to the conversion
portion when the input/output control signal is on the first
level, and which outputs, to the conversion portion, video data
at the time when the input/output control signal is on the first
level immediately before, when the input/output control sig-
nal is on the second level.

[0036] According to an eighteenth aspect of the present
invention, in any of the twelfth to fifteenth aspects of the
present invention, the display control portion sends, in two
periods in which the input/output control signal is on the
second level in each selection period, to the data voltage
supply portion, video data corresponding to the one of the first
gradation and the second gradation and video data corre-
sponding to the other of the first gradation and the second
gradation, respectively, sequentially from the start point of
the selection period.

[0037] According to a nineteenth aspect of the present
invention, in the first aspect of the present invention, a power
supply voltage is supplied to a first conduction terminal of the
drive transistor, the drive capacitance element is provided
between a control terminal and a second conduction terminal
ofthe drive transistor, the input transistor is provided between
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the second conduction terminal of the drive transistor and the
data line, and each pixel circuit further includes a reference
voltage supply transistor which has a control terminal con-
nected to the scanning line and is provided between the con-
trol terminal of the drive transistor and a reference voltage
line for supplying a reference voltage.

[0038] According to a twentieth aspect of the present inven-
tion, in the first aspect of the present invention, a power
supply voltage is supplied to a first conduction terminal of the
drive transistor, the drive capacitance element is provided
between the first conduction terminal and a control terminal
ofthe drive transistor, the input transistor is provided between
the control terminal of the drive transistor and the data line,
and each pixel circuit further includes a current path forma-
tion transistor which has a control terminal connected to the
scanning line and is provided between the control terminal
and a second conduction terminal of the drive transistor.
[0039] According to a twenty-first aspect of the present
invention, in the first aspect of the present invention, each
pixel circuit further includes a light emission control transis-
tor which is provided in series with the electro-optic element,
and is in an off-state in a predetermined period.

[0040] According to a twenty-second aspect of the present
invention, in the first aspect of the present invention, each of
the drive transistor and the input transistor is a thin-film
transistor whose channel layer is formed of an oxide semi-
conductor.

[0041] According to a twenty-third aspect of the present
invention, in the twenty-second aspect of the present inven-
tion, the oxide semiconductor is mainly composed of indium,
gallium, zinc and oxygen.

[0042] According to a twenty-fourth aspect of the present
invention, in the first aspect of the present invention, the
scanning drive portion includes a first shift register for driving
the plurality of scanning lines in the first period, a second shift
register for driving the plurality of scanning lines in the sec-
ond period, and a selector group which gives an output of each
stage of the first shift register to a corresponding scanning line
in the first period, and gives an output of each stage of the
second shift register to the corresponding scanning line in the
second period.

[0043] According to a twenty-fifth aspect of the present
invention, there is provided a method for driving an active
matrix-type display device including a display portion which
includes a plurality of data lines, a plurality of scanning lines,
and a plurality of pixel circuits arranged corresponding to the
plurality of data lines and the plurality of scanning lines, a
data drive portion connected to the plurality of data lines, a
scanning drive portion connected to the plurality of scanning
lines, and a display control portion which controls the scan-
ning drive portion and sends, to the data drive portion, video
data that corresponds to either ofa plurality of gradations, the
device in which each pixel circuit includes an electro-optic
element controlled by a current, an input transistor which has
acontrol terminal connected to a corresponding scanning line
and isinan on-state when the scanning line is selected, a drive
capacitance element to which a data voltage based on the
video data is given via a corresponding data line and the input
transistor, and a drive transistor which controls a drive current
to be supplied to the electro-optic element in accordance with
avoltage held by the drive capacitance element, and the input
transistor is, when being in the on-state, capable of outputting
to the data line the drive current flowing through the drive
transistor, the method including: a scanning drive step of
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alternately repeating a first period for writing the data voltage
into the pixel circuit by sequentially selecting the plurality of
scanning lines and a second period for outputting, from the
pixel circuit to the data line via the input transistor, the drive
current flowing through the drive transistor by sequentially
selecting a predetermined number of scanning lines out of the
plurality of scanning lines, and shifting the predetermined
number of scanning lines to be selected in each of the second
periods; a current measurement step of measuring a drive
current in accordance with a data voltage based on video data
corresponding to a relatively low first gradation out of the
plurality of gradations to acquire first measurement data, and
measuring a drive current in accordance with a data voltage
based on video data corresponding to a relatively high second
gradation out of the plurality of gradations to acquire second
measurement data, with respect to each of the data lines in the
second period; a data voltage supply step of supplying the
data voltage to the data line in the first period and the second
period; and a correction step of correcting the video data
based on the first measurement data and the second measure-
ment data acquired in the current measurement step.

Effects of the Invention

[0044] According to the first aspect of the present inven-
tion, in the second period, the predetermined number of scan-
ning lines are sequentially selected and the drive current is
measured with respect to each data line, thereby to acquire the
first measurement data and the second measurement data with
respect to each pixel circuit. Then, the video data is corrected
based on the acquired first measurement data and second
measurement data (hereinafter simply referred to as “mea-
surement data” in the case of not distinguishing these in
describing the effects of the invention). When the drive tran-
sistor is controlled in accordance with the data voltage based
on the video data corresponding to the relatively low first
gradation, the control voltage (gate-source voltage) of the
drive transistor is relatively small, and hence a discrepancy of
the threshold voltage with respect to the control voltage is
greatly reflected to the drive current. In contrast, when the
drive transistor is controlled in accordance with the data volt-
age based on the video data corresponding to the relatively
high second gradation, the control voltage of the drive tran-
sistor is relatively large, and hence a discrepancy of the
threshold voltage with respect to the control voltage is hardly
reflected to the drive current, while a discrepancy of the gain
is relatively greatly reflected to the drive current. For this
reason, the first measurement data is data to which the dis-
crepancy of the threshold voltage has been greatly reflected,
and the second measurement data is data to which the dis-
crepancy of the gain has been greatly reflected. In such a
manner as above, the video data is corrected based on the first
measurement data to which the discrepancy of the threshold
voltage has been greatly reflected and the second measure-
ment data to which the discrepancy of the gain has been
greatly reflected, whereby it is possible to perform the thresh-
old voltage compensation and the gain compensation of the
drive transistor with respect to each pixel circuit. Further,
since there is no need for stopping light emission of the
electro-optic element except in a pixel circuit as a measure-
ment target of the drive current in the second period, it is
possible to perform the compensation while performing dis-
play. Moreover, since the video data is corrected based on the
first measurement data and the second measurement data
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acquired in the second period, it is possible to perform the
compensation following a change in characteristics of the
drive transistor with time.

[0045] According to the second aspect of the present inven-
tion, the storage portion that stores the correction data is
provided, and the correction data is updated based on the
comparison results between the ideal characteristic data and
the measurement data. By performing such an update of the
correction data, it is possible to reliably perform the compen-
sation following a change in characteristics of the drive tran-
sistor with time.

[0046] Further, with the storage portion provided outside
the data drive portion, it is possible to simplify the configu-
ration of the data drive portion. Moreover, by use of the ideal
characteristic data, it is possible to update the correction data
by simple processing.

[0047] According to the third aspect of the present inven-
tion, the first correction data and the second correction data
are prepared, and the first measurement data and the second
measurement data are compared with the ideal characteristic
data to update the first correction data and the second correc-
tion data, whereby it is possible to reliably exert an effect
similar to that of the second aspect of the present invention.
[0048] According to the fourth aspect of the present inven-
tion, since the first correction data and the second correction
data are updated by fixed amounts, the compensation can be
performed as more reliably following a change in character-
istics of the drive transistor with time.

[0049] According to the fifth aspect of the present inven-
tion, the operational amplifier and the control switch common
in the data voltage supply portion and the current measure-
ment portion, and the current/voltage conversion element are
provided, and the control switch is controlled by the input/
output control signal. Therefore, the operational amplifier
functions as a buffer amplifier for supplying the data voltage
to the data line at low output impedance when the input/
output control signal is on the first level, and it functions as a
current amplifier for performing a current amplifying (cur-
rent-voltage converting) operation with the current/voltage
conversion element when the input/output control signal is on
the second level. When the input/output control signal is on
the second level, the data voltage obtained by converting the
video data corresponding to the first gradation or the second
gradation (hereinafter referred to as “measuring data voltage”
in describing the effects of the invention) is inputted into the
non-inverting input terminal of the operational amplifier, and
hence the output voltage of the operational amplifier has a
value obtained by subtracting, from the measuring data volt-
age, a value based on the drive current and a parameter of the
current/voltage conversion element. The measurement data
acquirement portion can acquire the measurement data by
measuring the drive current in consideration of a known mea-
suring data voltage and the parameter of the current/voltage
conversion element, based on the output voltage of the opera-
tional amplifier. Thus, the configuration of the data drive
portion for the operation of measuring the drive current may
be formed only by adding the current/voltage conversion
element, the control switch and the measurement data
acquirement portion to the conventional data drive portion.
This allows the data drive portion to be provided at low cost.
[0050] According to the sixth aspect of the present inven-
tion, when the input/output control signal is on the second
level, the output voltage of the operational amplifier has a
value obtained by subtracting, from the measuring data volt-
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age, the product of the drive current and a resistance value of
the current/voltage conversion element. Therefore, the mea-
surement data acquirement portion can acquire the measure-
ment data by measuring the drive current in consideration of
a known measuring data voltage and the resistance value of
current/voltage conversion element, based on the output volt-
age of the operational amplifier.

[0051] According to the seventh aspect of the present
invention, when the input/output control signal is on the sec-
ond level, the output voltage of the operational amplifier has
a value obtained by subtracting, from the measuring data
voltage, the product of the drive current, time when the mea-
suring data voltage is inputted into the non-inverting input
terminal of the operational amplifier, and a reciprocal number
of a capacitance value of the current/voltage conversion ele-
ment. Therefore, the measurement data acquirement portion
can acquire the measurement data by measuring the drive
current in consideration of a known measuring data voltage
and the capacitance value of the current/voltage conversion
element, based on the output voltage of the operational ampli-
fier. Further, since the current/voltage conversion element is a
capacitance element, a noise that appears in the output of the
operational amplifier can be reduced.

[0052] According to the eighth aspect of the present inven-
tion, it is possible to hold the output voltage of the operational
amplifier by the voltage holding portion, and give the output
voltage to the measurement data acquirement portion.
[0053] According to the ninth aspect of the present inven-
tion, the first measurement data or the second measurement
data is acquired based on at least the output voltage of the
operational amplifier and the video data, whereby it is pos-
sible to exert an effect similar to that of the fifth embodiment
of the present invention.

[0054] According to the tenth aspect of the present inven-
tion, since the output voltage of the operational amplifier and
the video data to be given to the measurement data acquire-
ment portion are selected by use of the first selector and the
second selector, the number of measurement data acquire-
ment portions that are provided with respect to the predeter-
mined number, being two or more, of operational amplifiers
may be one. Hence it is possible to reduce the number of
measurement data acquirement portions, so as to reduce a
circuit scale of the data drive portion.

[0055] According to the eleventh aspect of the present
invention, when one of the first gradation and the second
gradation is the first gradation and the other is the second
gradation, in each selection period of the second period, writ-
ing of a measuring data voltage corresponding to the first
gradation (hereinafter referred to as “first measuring data
voltage” in describing the effects of the invention) into the
pixel circuit, acquirement of the first measurement data, writ-
ing of a measuring data voltage corresponding to the second
gradation (hereinafter referred to as “second measuring data
voltage” in describing the effects of the invention) into the
pixel circuit, acquirement of the second measurement data,
and writing of the data voltage converted from the video data
corresponding to either of the plurality of gradations into the
pixel circuit are sequentially performed. In such a manner, it
is possible to acquire both the first measurement data and the
second measurement data in each selection period. Further,
the data voltage obtained by converting the video data corre-
sponding to either of the plurality of gradations is written into
the pixel circuit. Accordingly, at the start of the first period
immediately thereafter, it is possible to prevent display with
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luminance based on the data voltage obtained by converting
the video data corresponding to the second gradation with
respect to each pixel circuit corresponding to the scanning
line selected in the second period. Further, immediately
before acquirement of the first measurement data or the sec-
ond measurement data, the data line is charged with the first
measuring data voltage or the second measuring data voltage,
respectively. Accordingly, when the first measurement data or
the second measurement data are to be acquired, the drive
current can be measured at high speed without changing a
potential of the data line (without bringing about charge/
discharge). It should be noted that this also applies to a case
where one of the first gradation and the second gradation is
the second gradation and the other is the first gradation.

[0056] According to the twelfth aspect of the present inven-
tion, when one of the first gradation and the second gradation
is the first gradation and the other is the second gradation, in
each selection period of the second period, the first measure-
ment data and the second measurement data acquired in the
selection period are sequentially sent to the display control
portion before the display control portion sends the video data
corresponding to either of the plurality of gradations to the
data voltage supply portion. Hence it is possible to perform
correction, based on the first measurement data and the sec-
ond measurement data acquired in the selection period, on the
video data corresponding to either of the plurality of grada-
tions to be sent by the display control portion in the selection
period. It is thus possible to perform compensation of a varia-
tion in characteristics of the drive transistor in real time in the
second period. It should be noted that this also applies to the
case where one of the first gradation and the second gradation
is the second gradation and the other is the first gradation.

[0057] According to the thirteenth aspect of the present
invention, when one of the first gradation and the second
gradation is the first gradation and the other is the second
gradation, the first measurement data is sent to the display
control portion immediately after acquirement of the second
measurement data, and the second measurement data is sent
to the display control portion immediately after sending the
video data corresponding to either of the plurality of grada-
tions to the data voltage supply portion. Hence it is possible to
sufficiently ensure preparation time before sending the first
measurement data and the second measurement data, so as to
reliably send the first measurement data and the second mea-
surement data to the display control portion. It should be
noted that this also applies to the case where one of the first
gradation and the second gradation is the second gradation
and the other is the first gradation.

[0058] According to the fourteenth aspect of the present
invention, when one of the first gradation and the second
gradation is the first gradation and the other is the second
gradation, the first measurement data and the second mea-
surement data are sent to the display control portion in a
period immediately after completion of each selection period
of the second period. Hence it is possible to sufficiently
ensure preparation time before sending the first measurement
data and the second measurement data, so as to reliably send
the first measurement data and the second measurement data
to the display control portion. Further, even in a case where
the bidirectional communication bus is used between the
display control portion and the data drive portion and the
video data needs to be sent by the display control portion to
the data drive portion in the period when the input/output
control signal is on the second level in each selection period,
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itispossible to send the first measurement data and the second
measurement data to the display control portion. It should be
noted that this also applies to the case where one of the first
gradation and the second gradation is the second gradation
and the other is the first gradation.

[0059] According to the fifteenth aspect of the present
invention, the first measurement data and the second mea-
surement data acquired in each selection period are sent to the
display control portion in a period after completion of all the
selection periods in the second period. Hence it is possible to
sufficiently ensure preparation time before sending the first
measurement data and the second measurement data, so as to
reliably send the first measurement data and the second mea-
surement data to the display control portion. Further, even in
a case where the bidirectional communication bus is used
between the display control portion and the data drive portion
and the video data needs to be sent by the display control
portion to the data drive portion in the period when the input/
output control signal is on the second level in each selection
period, it is possible to send the first measurement data and
the second measurement data to the display control portion. It
should be noted that this also applies to the case where one of
the first gradation and the second gradation is the second
gradation and the other is the first gradation.

[0060] According to the sixteenth aspect of the present
invention, since the bidirectional communication bus is used,
a communication system between the display control portion
and the data drive portion can be reduced. Hence it is possible
to reduce the cost.

[0061] According to the seventeenth aspect of the present
invention, when one of the first gradation and the second
gradation is the first gradation and the other is the second
gradation, by providing the data latch portion, if the video
data corresponding to the first gradation and the video data
corresponding to the second gradation are previously sent to
the data voltage supply portion in the former period and the
latter period in which the input/output control signal is on the
first level in each selection period of the second period, it is
possible to input into the conversion portion the video data
corresponding to the first gradation and the video data corre-
sponding to the second gradation in each of the former period
and the latter period, respectively, in which the input/output
control signal is on the second level. By employing such a
configuration, when the first measurement data and the sec-
ond measurement data are to be acquired, it is possible to
exert the foregoing effect of measuring the drive current at
high speed without changing the potential of the data line. It
should be noted that this also applies to the case where one of
the first gradation and the second gradation is the second
gradation and the other is the first gradation.

[0062] According to the eighteenth aspect of the present
invention, when one of the first gradation and the second
gradation is the first gradation and the other is the second
gradation, the video data corresponding to the first gradation
and the video data corresponding to the second gradation are
inputted into the digital-analog conversion portion in the
former period and the latter period, respectively, in which the
input/output control signal is on the second level. By employ-
ing such a configuration, when the first measurement data and
the second measurement data are to be acquired, it is possible
to exert the foregoing effect of measuring the drive current at
high speed without changing the potential of the data line. It
should be noted that this also applies to the case where one of
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the first gradation and the second gradation is the second
gradation and the other is the first gradation.

[0063] According to the nineteenth aspect of the present
invention, the voltage for controlling the drive transistor is
decided based on the reference voltage and the data voltage.
That is, the voltage for controlling the drive transistor does
not depend on the power supply voltage. Therefore, the drive
current is not fluctuated even when a drop voltage occurs due
to a wiring resistance of wiring for supplying the power
supply voltage.

[0064] According to the twentieth aspect of the present
invention, in the pixel circuit in which the input transistor is
provided between the control terminal of the drive transistor
and the data line, the drive current can be outputted to the data
line via the current path formation transistor and the input
transistor.

[0065] According to the twenty-first aspect of the present
invention, light emission/non-emission of the electro-optic
element can be controlled by a light emission control transis-
tor.

[0066] According to the twenty-second aspect of the
present invention, since an oxide TFT with relatively high
mobility is used, it is possible to reduce writing time and
increase luminance.

[0067] According to the twenty-third aspect of the present
invention, it is possible to exert an effect similar to that of the
twenty-second aspect of the present invention by use of an
IGZO-TFT.

[0068] According to the twenty-fourth aspect of the present
invention, it is possible to exert an effect similar to that of the
first aspect of the present invention by selectively using the
outputs of the first and second shift registers.

[0069] According to the twenty-fifth aspect of the present
invention, it is possible to exert an effect similar to that of the
first aspect of the present invention in the method for driving
the display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070] FIG. 1is ablock diagram showing a configuration of
an organic EL display device according to a first embodiment
of the present invention.

[0071] FIG. 2 is a block diagram for explaining a configu-
ration of a display portion shown in FIG. 1.

[0072] FIG. 3is ablock diagram showing a configuration of
a data driver shown in FIG. 1.

[0073] FIG. 4 is a block diagram for explaining an opera-
tion of a DAC.
[0074] FIG. 5isa circuit diagram for explaining a configu-

ration of a voltage output/current measurement circuit shown
in FIG. 3.

[0075] FIG. 6 is a circuit diagram showing a pixel circuit
and part of constitutional elements on the data driver side
which correspond thereto, both shown in FIG. 1.

[0076] FIG. 7is a timing chart for explaining operations of
the pixel circuit and part of constitutional elements on the data
driver side which correspond thereto, both shown in FIG. 6, in
a video signal period.

[0077] FIG. 8isa circuit diagram for explaining operations
of the pixel circuit and part of constitutional elements on the
data driver side which correspond thereto in a desired grada-
tion program period in the above first embodiment.

[0078] FIG. 9isa circuit diagram for explaining operations
of the pixel circuit and part of constitutional elements on the
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data driver side which correspond thereto at the time of emis-
sion of an organic EL element in the above first embodiment.
[0079] FIG.10is atiming chart for explaining operations of
the pixel circuit and part of constitutional elements on the data
driver side which correspond thereto, both shown in FIG. 6, in
a vertical synchronization period.

[0080] FIG. 11 is a circuit diagram for explaining opera-
tions of the pixel circuit and part of constitutional elements on
the data driver side which correspond thereto in a measuring
gradation program period in the above first embodiment.
[0081] FIG. 12 is a circuit diagram for explaining opera-
tions of the pixel circuit and part of constitutional elements on
the data driver side which correspond thereto in a current
measurement period in the above first embodiment.

[0082] FIG. 13 is a diagram for explaining an operation in
each frame period in the above first embodiment.

[0083] FIG.14isacircuitdiagram showing a constitutional
example of the data driver shown in FIG. 3 for one column.
[0084] FIG.151s a timing chart for explaining an operation
of a D latch shown in FIG. 14 in the vertical synchronization
period.

[0085] FIG. 16 is a block diagram for explaining data com-
munication between a controller and the data driver in the
above first embodiment.

[0086] FIG. 17 is a diagram showing gradation/control
voltage characteristics.

[0087] FIG. 18 is a diagram showing gradation/light emis-
sion drive current characteristics.

[0088] FIG. 19 is a diagram showing gradation/light emis-
sion luminance characteristics.

[0089] FIG. 20 is a diagram showing ideal characteristic
data.
[0090] FIGS. 21(A) to 21(F) are diagrams showing mea-

surement error simulation results, in which (A) is a diagram
showing a simulation result in a case where a first gradation
P1 is 0 and a second gradation P2 is 255, (B) is a diagram
showing a simulation result in a case where the first gradation
P1 is 2 and the second gradation P2 is 255, (C) is a diagram
showing a simulation result in a case where the first gradation
P1 is 4 and the second gradation P2 is 255, (D) is a diagram
showing a simulation result in a case where the first gradation
P1 is 10 and the second gradation P2 is 255, (E) is a diagram
showing a simulation result in a case where the first gradation
P1 is 20 and the second gradation P2 is 255, and (F) is a
diagram showing a simulation result in a case where the first
gradation P1 is 40 and the second gradation P2 is 255.
[0091] FIGS. 22(A) to 22(D) are diagrams showing mea-
surement error simulation results, in which (A) is a diagram
showing a simulation result in a case where the first gradation
P1 is 64 and the second gradation P2 is 255, (B) is a diagram
showing a simulation result in a case where the first gradation
P1 is 96 and the second gradation P2 is 255, (C) is a diagram
showing a simulation result in a case where the first gradation
P1 is 128 and the second gradation P2 is 255, and (D) is a
diagram showing a simulation result in a case where the first
gradation P1 is 192 and the second gradation P2 is 255.
[0092] FIGS. 23(A) to 23(E) are diagrams showing mea-
surement error simulation results, in which (A) is a diagram
showing a simulation result in a case where the first gradation
P1 is 64 and the second gradation P2 is 255, (B) is a diagram
showing a simulation result in a case where the first gradation
P1 is 64 and the second gradation P2 is 224, (C) is a diagram
showing a simulation result in a case where the first gradation
P1 is 64 and the second gradation P2 is 200, (D) is a diagram
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showing a simulation result in a case where the first gradation
P1 is 64 and the second gradation P2 is 192, and (E) is a
diagram showing a simulation result in a case where the first
gradation P1 is 64 and the second gradation P2 is 160.
[0093] FIG. 24 is a timing chart for explaining timing for
receiving video data and sending measurement data in the
vertical synchronization period of an N-th frame period in the
above first embodiment.

[0094] FIG. 25 is a timing chart for explaining timing for
receiving video data and sending measurement data in the
vertical synchronization period of an (N+1)-th frame period
in the above first embodiment.

[0095] FIG. 26 is a circuit diagram showing a detailed
configuration of a scanning drive portion shown in FIG. 1.
[0096] FIG. 27 is atiming chart for explaining an operation
of the scanning drive portion shown in FIG. 26 in the N-th
frame period.

[0097] FIG. 28 is atiming chart for explaining an operation
of the scanning drive portion showninF1G. 26 in the (N+1)-th
frame period.

[0098] FIG. 29 is a diagram for explaining correction by
use of ideal characteristic data in a first conventional example.
[0099] FIG. 30 is a circuit diagram for explaining a charg-
ing operation in a second conventional example.

[0100] FIG. 31 is a circuit diagram for explaining a charg-
ing operation in the above first embodiment.

[0101] FIG. 32 is acircuit diagram for explaining an opera-
tion of measuring a drive current in the above first embodi-
ment.

[0102] FIG. 33 is a diagram showing gradation/drive cur-
rent characteristics before compensation by use of'a reference
current in the above second conventional example.

[0103] FIG. 34 is a diagram showing gradation/drive cur-
rent characteristics after the compensation by use of the ref-
erence current in the above second conventional example.
[0104] FIG. 35 is a diagram showing gradation/drive cur-
rent characteristics after compensation by use of a drive cur-
rent corresponding to the above first and second gradations
P1, P2 in the first embodiment.

[0105] FIG. 36 is a block diagram showing a configuration
of a data driver in a modified example of the above first
embodiment.

[0106] FIG. 37 is acircuit diagram showing a constitutional
example of a data driver in a second embodiment of the
present invention.

[0107] FIG. 38 is atiming chart for explaining an operation
of each constitutional element shown in FIG. 37 in a vertical
synchronization period.

[0108] FIG. 39 is a block diagram for explaining data com-
munication between a controller and a data driver in a third
embodiment of the present invention.

[0109] FIG. 40 is a timing chart for explaining timing for
receiving video data and sending measurement data in a ver-
tical synchronization period of an N-th frame period in the
above third embodiment.

[0110] FIG. 41 is a timing chart for explaining timing for
receiving video data and sending measurement data in a ver-
tical synchronization period of an (N+1)-th frame period in
the above third embodiment.

[0111] FIG. 42 is atiming chart for explaining an operation
of a scanning drive portion in the N-th frame period in the
above third embodiment.
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[0112] FIG. 43 is a timing chart for explaining an operation
of the scanning drive portion in the (N+1)-th frame period in
the above third embodiment.

[0113] FIG. 44 is a timing chart for explaining timing for
receiving video data and sending measurement data in a ver-
tical synchronization period of an N-th frame period in a
fourth embodiment of the present invention.

[0114] FIG. 45 is a timing chart for explaining timing for
receiving video data and sending measurement data in a ver-
tical synchronization period of an N-th frame period in a fifth
embodiment of the present invention.

[0115] FIG. 46 is a circuit diagram showing a pixel circuit
and part of constitutional elements on a data driver side which
correspond thereto in a sixth embodiment of the present
invention.

[0116] FIG.47is atiming chart for explaining operations of
the pixel circuit and part of constitutional elements on the data
driver side which correspond thereto, both shown in FIG. 46,
in a video signal period.

[0117] FIG. 48 is atiming chart for explaining operations of
the pixel circuit and part of constitutional elements on the data
driver side which correspond thereto, both shown in FIG. 46,
in a vertical synchronization period.

[0118] FIG. 49 is a diagram for explaining an operation in
each frame period in the above sixth embodiment.

[0119] FIG. 50 is a circuit diagram showing a pixel circuit
and part of constitutional elements on a data driver side which
correspond thereto in a seventh embodiment of the present
invention.

[0120] FIG.51is atiming chart for explaining operations of
the pixel circuit and part of constitutional elements on the data
driver side which correspond thereto, both shown in FIG. 50,
in a video signal period.

[0121] FIG.52is atiming chart for explaining operations of
the pixel circuit and part of constitutional elements on the data
driver side which correspond thereto, both shown in FIG. 50,
in a vertical synchronization period.

[0122] FIG. 53 is a circuit diagram showing a pixel circuit
and part of constitutional elements on a data driver side which
correspond thereto in the above eighth embodiment.

[0123] FIG.54 is atiming chart for explaining operations of
the pixel circuit and part of constitutional elements on the data
driver side which correspond thereto, both shown in FIG. 53,
in a video signal period.

[0124] FIG.55is atiming chart for explaining operations of
the pixel circuit and part of constitutional elements on the data
driver side which correspond thereto, both shown in FIG. 53,
in a vertical synchronization period.

[0125] FIG. 56 is a diagram showing gate-source voltage/
drive current characteristics before threshold voltage com-
pensation in conventional organic EL display devices.
[0126] FIG. 57 is a diagram showing gate-source voltage/
drive current characteristics after the threshold voltage com-
pensation in the conventional organic EL display devices.

MODES FOR CARRYING OUT THE INVENTION

[0127] Hereinafter, first to eighth embodiments of the
present invention will be described referring to the attached
drawings. Hereinafter, it is assumed that m and n are integers
notsmaller than two. It is to be noted thata transistor included
in a pixel circuit in each embodiment is a field-effect transis-
tor, and is typically a thin-film transistor. As the transistor
included in the pixel circuit, there can be employed an oxide
TFT (e.g., IGZO-TFT), an LTPS-TFT or an amorphous sili-
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con TFT. The oxide TFT such as the IGZO-TFT is effective in
the case of being employed as an n-channel transistor
included in the pixel circuit. However, the present invention
does not exclude the use of a p-channel oxide TFT.

1. First Embodiment

1.1 Whole Configuration

[0128] FIG. 1is ablock diagram showing a configuration of
an active matrix-type organic EL display device 1 according
to afirst embodiment of the present invention. The organic EL
display device 1 is provided with a controller 10, a DRAM
(Dynamic Random Access Memory) 20, a flash memory 30,
a display panel 40, a data drive portion 60, and a scanning
drive portion 70. In the present embodiment, the controller 10
corresponds to the display control portion, and the DRAM 20
corresponds to the storage portion. A display portion 50 is
formed in the display panel 40, and a data drive portion 60 and
a scanning drive portion 70 are arranged on the display panel
40.Tt is to be noted that either the data drive portion 60 or the
scanning drive portion 70 or both of them may be formed
integrally with the display portion 50. Further, the DRAM
and the flash memory 30 may be provided inside the control-
ler 10.

[0129] FIG. 2 is a block diagram for explaining a configu-
ration ofthe display portion 50 shown in FIG. 1. In the display
portion 50, there are disposed m data/measurement lines
DAMEL1 to DAMEm, and n scanning lines DM1 to DMn
orthogonal thereto. When it is not necessary to distinguish the
m data/measurement lines DAME1 to DAMEm, these are
simply denoted by a symbol DAME, and when it is not
necessary to distinguish the n scanning lines DM1 to DM,
these are simply denoted by a symbol DM. In the present
embodiment, the data/measurement line DAME corresponds
to the data line. Hereinafter, an extending direction of the
data/measurement line DAME is taken as a column direction,
and an extending direction of the scanning line DM is taken as
a row direction. The display portion 50 is further provided
with (mxn) pixel circuits 51, which correspond to intersec-
tions of the m data/measurement lines DAME1 to DAMEm
and the n scanning lines DM1 to DMn. Each pixel circuit 51
forms any of a red subpixel (hereinafter referred to as “R
subpixel”), a green subpixel (hereinafter referred to as “G
subpixel”) and a blue subpixel (hereinafter referred to as “B
subpixel”), and for example, the pixel circuits 51 arrayed in
the row direction form the R subpixel, the G subpixel and the
B subpixel sequentially from the leftmost end in FIG. 2. Tt is
to be noted that the kind of subpixel is not restricted to red,
green or blue, and it may be cyan, magenta, yellow and the
like.

[0130] Further, in the display portion 50, there are disposed
a power supply line for supplying a high level power supply
voltage ELVDD (hereinafter referred to as “high level power
supply line” and denoted by a symbol ELVDD as is for a high
level power supply voltage), a power supply line, not shown,
for supplying a low level power supply voltage ELVSS (here-
inafter referred to as “low level power supply line” and
denoted by a symbol ELVSS as is for a low level power supply
voltage), and a line, not shown, for supplying a reference
voltage Vref (hereinafter referred to as “reference voltage
line” and denoted by a symbol Vref as is for a reference
voltage). Each of the high level power supply voltage
ELVDD, the low level power supply voltage ELVSS and the
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reference voltage Vref is a fixed value, and the low level
power supply voltage ELVSS is a ground voltage, for
example.

[0131] The controller 10 shown in FIG. 1 controls the data
drive portion 60 and the scanning drive portion 70 based on a
video signal VS received from the outside. More specifically,
the controller 10 sends a variety of control signals and video
data VD (detailed later) to the data drive portion 60, and sends
a variety of control signals to the scanning drive portion 70,
thereby to control the data drive portion 60 and the scanning
drive portion 70. Further, the controller 10 receives measure-
ment data (detailed later) from the data drive portion 60.
Sending/receiving of a variety of data between the controller
10 and the data drive portion 60 is performed via a commu-
nication bus 80. Further, the controller 10 controls the DRAM
20 and the flash memory 30.

[0132] The DRAM 20 stores correction data used for cor-
recting the video data VD. The controller 10 updates the
correction data stored in the DRAM 20 based on the mea-
surement data received from the data drive portion 60. Fur-
ther, the controller 10 reads the correction data stored in the
DRAM 20, and corrects the video data VD. The correction
data stored in the DRAM 20 is written into the flash memory
30based on control by the controller 10 when the poweris off.
The correction data stored in the flash memory 30 is read to
the DRAM 20 based on control by the controller 10 when the
power is on. It is to be noted that the mode of writing and
reading of the correction data described above is a mere
example, and the present invention is not restricted thereto.
[0133] Thedatadrive portion 60 is provided with a plurality
of data drivers 600. However, the data drive portion 60 may be
configured to be provided with one data driver 600. In FIG. 1,
it is assumed that six data drivers 600 are provided. Three out
of the six data drivers 600 are arranged on the top side of the
display panel 40 and the remaining three are arranged on the
bottom side of the display panel 40. It is to be noted that such
an arrangement of the data drivers 600 is a mere example, and
the presentinvention is not restricted thereto. Each data driver
600 is connected with k (k=m/6 in the example of FIG. 1)
data/measurement lines DAME1 to DAMEk.

[0134] Each data driver 600 is provided with a data voltage
supply portion 610 and a current measurement portion 620. In
other words, the data drive portion 60 is provided with a
plurality of data voltage supply portions 610 and a plurality of
current measurement portions 620. The data voltage supply
portion 610 supplies a data voltage based on the video data
VD to the data/measurement line DAME. The current mea-
surement portion 620 measures a drive current obtained from
the pixel circuit 51 in accordance with a data voltage based on
the video data VD corresponding to a predetermined grada-
tion, to acquire measurement data indicating a current value
of the drive current. Further, the current measurement portion
620 sends the acquired measurement data to the controller 10.
Hereinafter, the whole operation of the data drive portion 60
may be described by using one data driver 600 as a represen-
tative for the sake of convenience. It is to be noted that a
configuration and an operation of the data driver 600 will be
detailed later.

[0135] The scanning drive portion 70 is provided with a
plurality of gate drivers 700. However, the scanning drive
portion 70 may be configured to be provided with one gate
driver 700. In FIG. 1, it is assumed that two gate drivers 700
are provided. One of the two gate drivers 700 is arranged on
the left side of the display panel 40 and the remaining one is
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arranged on the right side of the display panel 40. It is to be
noted that such an arrangement of the gate drivers 700 is a
mere example, and the present invention is not restricted
thereto.

[0136] In the present embodiment, one frame period is
made up of a video signal period and a vertical synchroniza-
tion period. The video signal period in the present embodi-
ment is also called “scanning period”, or the like. The vertical
synchronization period in the present embodiment is also
called “vertical retrace period” or “vertical blanking period”.
In the present embodiment, the video signal period corre-
sponds to a first period, and the vertical synchronization
period corresponds to a second period. The scanning drive
portion 70 (gate driver 700) alternately repeats the video
signal period for writing a data voltage into the pixel circuit 51
by sequentially selecting n scanning lines DM, and the verti-
cal synchronization period for outputting a later-mentioned
drive current Im from the pixel circuit 51 to the data/measure-
ment line DAME by sequentially selecting a predetermined
number (p) of scanning lines DM out of the n scanning lines
DM. Here, 1<p<n holds, and n is desirably a natural number
multiple of p. The organic EL display device 1 according to
the present embodiment outputs a drive current to the data/
measurement line DAME and acquires the above measure-
ment data in the vertical synchronization period in which only
a variety of synchronization operations are typically per-
formed. Further, every vertical synchronization period (i.e.,
every one frame period), the scanning drive portion 70 shifts
p scanning lines DM to be selected. A configuration and an
operation of the scanning drive portion 70 will be detailed
later.

1.2 Data Driver

[0137] FIG. 3is ablock diagram showing a configuration of
the data driver 600 shown in FIG. 1. The data driver 600 is
provided with a shift register 63, a first latch portion 64, a
second latch portion 65, a digital-analog (D/A) conversion
portion 66, and a voltage output/current measurement portion
67. Here, the data driver 600 connected to the k data/mea-
surement lines DAME1 to DAMEK is illustrated. The second
latch portion 65 is provided with k latch circuits 650 corre-
sponding to the k data/measurement lines DAME1 to
DAMEK, respectively. The D/A conversion portion 66 is pro-
vided with k D/A convertors (hereinafter each referred to as
“DAC”) 660 corresponding to the k data/measurement lines
DAMEL1 to DAMEK, respectively. The voltage output/current
measurement portion 67 is provided with k voltage output/
current measurement circuits 670 corresponding to the k data/
measurement lines DAME1L to DAMEK, respectively. The
controller 10 sends the video data VD, and a data start pulse
DSP, a data clock DCK, a latch strobe signal LS and an
input/output control signal DWT as the variety of control
signals.

[0138] The shift register 63 sequentially transfers the data
start pulse DSP in synchronization with the data clock DCK,
thereby to sequentially output a predetermined sampling
pulse.

[0139] The first latch portion 64 sequentially stores grada-
tion values for one row of the video data VD at the timing of
the sampling pulse.

[0140] Each latch circuit 650 fetches and holds, in accor-
dance with the latch strobe signal LS, a gradation value of a
corresponding column out of the gradation values for one row
which are stored in the first latch portion 64, and also gives the
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holding gradation value to the corresponding DAC 660. In the
present specification, a gradation value that is given by each
latch circuit 650 to the corresponding DAC 660 is also
referred to as “video data”.

[0141] Each DAC 660 selects a gradation voltage in accor-
dance with the video data received from the corresponding
latch circuit 650, and gives the gradation voltage as a data
voltage to the corresponding voltage output/current measure-
ment circuit 670. It should be noted that the gradation voltage
to be a selection target in each DAC 660 is given from a
gamma register 68 (not shown in FIG. 3 for the sake of
convenience) as shown in FIG. 4, for example. Here, it is
assumed that gradation voltages VR0 to VR1023 correspond-
ing to 1024 gradations are given to the DAC 660, but the
present invention is not restricted thereto. It is to be noted that
alevel shifter or the like may be provided between the second
latch portion 65 and the D/A conversion portion 66.

[0142] The voltage output/current measurement circuits
670 perform different operations in accordance with a level of
the input/output control signal DWT. When the input/output
control signal DWT is on a “1” level (a high level in the
present specification), each voltage output/current measure-
ment circuit 670 functions as a voltage output circuit, and
supplies the corresponding data/measurement line DAME
with a data voltage received from the DAC 660. That is, when
the input/output control signal DWT is on the “1” level, the
voltage output/current measurement portion 67 functions as a
voltage output portion, and supplies the corresponding data/
measurement lines DAME with respective data voltages
received from the D/A conversion portion 66. When the input/
output control signal DWT is on a “0” level (alow level in the
present specification), each voltage output/current measure-
ment circuit 670 functions as a current measurement circuit,
and measures a drive current Im outputted from the pixel
circuit 51 to the corresponding data/measurement line
DAME. That is, when the input/output control signal DWT is
on the “0” level, the voltage output/current measurement
portion 67 functions as the current measurement portion 620,
and measures the drive currents Im outputted from the pixel
circuits 51 to the corresponding data/measurement lines
DAME. It should be noted that attached drawings show the
input/output control signal DWT being on the “1” level as
[DWT=1"] and the input/output control signal DWT being
on the “0” level as [DWT="0"]. In the present embodiment,
the “1” level corresponds to a first level and the “0” level
corresponds to a second level.

[0143] Out ofthe constitutional elements shown in FIG. 3,
the shift register 63, the first latch portion 64, the second latch
portion 65, the D/A conversion portion 66 and a section of the
voltage output/current measurement portion 67 which func-
tions as the voltage output portion constitute the data voltage
supply portion 610, and a section out of the voltage output/
current measurement portion 67 which functions as the cur-
rent measurement portion 620 constitutes the current mea-
surement portion 620.

1.3 Voltage Output/Current Measurement Circuit

[0144] FIG. 5 is a circuit diagram for explaining a detailed
configuration of the voltage output/current measurement cir-
cuit 670 shown in FIG. 3. It is assumed that the voltage
output/current measurement circuit 670 shown in FIG. 3 cor-
responds to the data/measurement line DAMEi on the i-th
column. The voltage output/current measurement circuit 670
is provided with an operational amplifier 731, a resistance
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element R1, a control switch SW, and a measurement data
acquirement portion 740. The operational amplifier 731 and
the control switch SW are constitutional elements shared by
the data voltage supply portion 610 and the current measure-
ment portion 620. Meanwhile, the resistance element R1 and
the measurement data acquirement portion 740 are constitu-
tional element of the current measurement portion 620. In the
present embodiment, the resistance element R1 corresponds
to the current/voltage conversion element.

[0145] A non-inverting input terminal of the operational
amplifier 731 is connected to an output terminal of the DAC
660, and an inverting input terminal thereof is connected to
the corresponding data/measurement line DAMEi. The resis-
tance element R1 and the control switch SW are connected in
parallel between an output terminal and the inverting input
terminal of the operational amplifier 731. The control switch
SW is controlled by the input/output control signal DWT, and
it is closed in the case of DWT="1", while it is opened in the
case of DWT="0".

[0146] The measurement data acquirement portion 740
acquires measurement data from an output of the operational
amplifier 731. The measurement data acquirement portion
740 is, more specifically, provided with an analog/digital
(A/D) convertor (hereinafter referred to as “ADC”) 732, a
subtraction portion 733, and a division portion 734. It should
be noted that the configuration of the measurement data
acquirement portion 740 is not restricted to the example
shown here.

[0147] The ADC 732 A/D converts an output voltage of the
operational amplifier 731, and gives it to the subtraction por-
tion 733. The subtraction portion 733 receives a digital value
of the output voltage of the operational amplifier 731, and
video data before D/A conversion (this may be denoted by the
same symbol as that of the data voltage for the sake of con-
venience of explanation) of the data voltage Vm for a grada-
tion P to be given to the pixel circuit 51 on the j-th row and the
i-th column (in the present specification, such a data voltage
is denoted by a symbol Vm(i,j,P)), and outputs a value
obtained by subtracting the video data Vm(i,j,P) from the
digital value of the output voltage of the operational amplifier
731. It is to be noted that the gradation P shows either of
gradations (a plurality of gradations) that can be set by the
controller 10 based on the video signal VS. The division
portion 734 outputs a value obtained by dividing an output of
the subtraction portion 733 by -R1. The output of this divi-
sion portion 734 serves as measurement data. It should be
noted that a buffer memory for adjusting send timing of
measurement data to the controller 10, or the like, may be
provided on a subsequent stage of the division portion 734,
butits illustration and description will be omitted here for the
sake of convenience.

[0148] When the input/output control signal DWT is on the
“1” level, the control switch SW is closed, and hence the
output terminal and the inverting input terminal of the opera-
tional amplifier 731 are short-circuited. For this reason, when
the input/output control signal DWT is on the “1” level, the
operational amplifier 731 functions as a buffer amplifier.
Accordingly, a data voltage Vm(i,j,P) is supplied to the data/
measurement line DAMEi at low output impedance. In addi-
tion, it is desirable that the ADC 732 is controlled by the
input/output control signal DWT or the like so as to prevent
the data voltage Vm(i,j,P) from being inputted into the ADC
732.
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[0149] When the input/output control signal DWT is on the
“0” level, the control switch SW is open, and hence the output
terminal and the inverting input terminal of the operational
amplifier 731 are connected to each other via the resistance
element R1. For this reason, the operational amplifier 731
functions as a current amplifier taking the resistance element
R1 as a feedback resistor. At this time, when the data voltage
Vm(i,j,P) is inputted into the non-inverting input terminal of
the operational amplifier 731, a potential of the inverting
input terminal also becomes Vm(i,j,P) due to a virtual short
circuit.

[0150] Further, at this time, a drive current which flows in
accordance with a gate-source voltage Vgs based on the data
voltage Vm(i,j,P) (hereinafter the current is denoted by a
symbol Im(i,j,P)) is outputted from the pixel circuit 51 on the
j-th row and the i-th column to the data/measurement line
DAMEI (detailed later). Accordingly, the output voltage of
the operational amplifier 731 is “Vm(i,j,P)-R1*Im(i,j,P)”.
This output voltage is then A/D converted in the ADC 732.
The output of the subtraction portion 733, obtained by sub-
tracting Vm(i,],P) from the output voltage after the A/D con-
version, is “~R1¥Im(i,j,P)”. Further, the output of the division
portion 734, obtained by dividing the output of the subtrac-
tion portion 733 by “-R1”, is Im(i,j,P). In such a manner, the
drive current Im(i,j,P) is measured, and measurement data
indicating a value of the drive current Im(i,j,P) (the data may
be denoted by the same symbol Im(i,j,P) as that of the drive
current for the sake of convenience of explanation) is
acquired. It is to be noted that the division portion 734 may be
replaced by a multiplication portion, and “~1/R1” may be
inputted into the multiplication portion in place of “~R1”.

1.4 Pixel Circuit

[0151] FIG. 61is a circuit diagram showing the pixel circuit
51 and part of constitutional elements on the data driver 600
side which correspond thereto, both shown in FIG. 1. Here,
the pixel circuit 51 shown in FIG. 6 is the pixel circuit 51 on
the j-th row and the i-th column. In FIG. 6, out of the consti-
tutional elements of the data driver 600, the DAC 660 corre-
sponding to the data/measurement line DAMEi on the i-th
column, the operational amplifier 731, the resistance element
R1, the control switch SW and the ADC 732 the as part of the
voltage output/current measurement circuit 670 are shown,
but the subtraction portion 733 and the division portion 734 in
the voltage output/current measurement circuit 670 are omit-
ted for the sake of convenience.

[0152] The pixel circuit 51 is provided with one organic EL
element OLED, three transistors T1 to T3, and one capacitor
(drive capacitance element) C1. The transistor T1 is a drive
transistor, the transistor T2 is a reference voltage supply tran-
sistor, and the transistor T3 is an input transistor. The transis-
tors T1 to T3 are all n-channel types and, for example, oxide
TFTs.

[0153] The transistor T1 is provided in series with the
organic EL element OLED. The transistor T1 has, as a first
conduction terminal, a drain terminal connected to the high
level power supply line ELVDD, and has, as a second con-
duction terminal, a source terminal connected to an anode
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terminal of the organic EL element OLED. The transistor T2
has a gate terminal connected to a scanning line DMj, and is
provided between the reference voltage line Vref and a gate
terminal of the transistor T1. The transistor T3 has a gate
terminal connected to the scanning line DMj, and is provided
between the data/measurement line DAMFi and the source
terminal of the transistor T1. The capacitor C1 is provided
between the gate terminal and the source terminal of the
transistor T1. A cathode terminal of the organic EL element
OLED is connected to the low level power supply line
ELVSS.

1.5 Operation in Video Signal Period

[0154] FIG. 7isatiming chart for explaining operations of
the pixel circuit 51 and part of constitutional elements on the
data driver 600 side which correspond thereto, both shown in
FIG. 6, in the video signal period. “Im(i,j,P)”” in timing charts
in and after FIG. 7 denotes measurement data. A period A3
from time t1 to time t2 is a period for writing into the pixel
circuit 51 the data voltage Vm based on the video data VD
corresponding to a desired gradation P (hereinafter the period
is referred to as “desired gradation program period”). Here-
inafter, “data voltage Vm based on video data VD correspond-
ing to X” may be simply referred to as “data voltage Vm
corresponding to X (X represents a later-mentioned “mea-
suring gradation”, the “first gradation P1” or the “second
gradation P2”).

[0155] It is assumed that a potential of the scanning line
DM, takes either the “1” level or the “0” level, as does the
input/output control signal DWT. In the present embodiment,
when the potential of the scanning line DMj is on the “1”
level, the scanning line DM is in a selected state, and when
the potential of the scanning line DVj is on the “0” level, the
scanning line DMj is in a non-selected state. In the video
signal period, n scanning lines DM are sequentially selected
as described above. Further, in the video signal period, the
input/output control signal is on the “1” level. For this reason,
the operational amplifier 731 functions as the buffer amplifier
as described above.

[0156] Before time t1, the potential of the scanning line
DM,; is on the “0” level. At this time, the transistors T2, T3 are
in the off-state, and the drive current Im(i,j,P) in accordance
with the gate-source voltage Vgs held in the capacitor C1
flows through the transistor T1. In addition, the organic EL
element OLED emits light with luminance in accordance
with the drive current Im(i,j,P). Hereinafter, in the case of
distinguishing between the drive current flowing through the
transistor T1 and the drive current flowing through the
organic EL element OLED, the drive current flowing through
the organic EL element OLED is referred to as a light emis-
sion drive current Ioled. It should be noted that in one hori-
zontal (1H) period immediately before the desired gradation
program period A3, the data/measurement line DAME1 sup-
plies a data voltage Vm(i,j—1,P).

[0157] From time t1, the data voltage Vm(i,j,P) is supplied
to the data/measurement line DAMEi via the operational
amplifier 731. Further, the potential of the scanning line DMj
changes to the “1” level, and the transistors T2, T3 are turned
on. Therefore, as shown in FIG. 8, the data voltage Vm(i,j,P)
is given to one end (the source terminal side of the transistor
T1) of the capacitor C1 via the data/measurement line
DAMEIi and the transistor T3, and the reference voltage Vref
is given to the other end (the gate terminal side of the transis-
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tor T1) of the capacitor C1 via the transistor T2. Thereby, the
capacitor C1 is charged to have the gate-source voltage Vgs
given by the next expression (1) in the desired gradation
program period A3 from time t1 to time t2.

Vgs=Vref-Vm(,j,P) (1)

[0158] Inaddition, when a threshold voltage of the organic
EL element OLED is Vtholed, it is desirable to set the data
voltage Vm(i,j,P) to a value given by the next expression (2).

Vm(ij,P)<ELVSS+Vtholed @

The data voltage Vm(i,j,P) set as in the expression (2) is given
to the anode terminal of the organic EL element OLED (the
source terminal of the transistor T1), whereby the light emis-
sion drive current loled becomes zero in the desired gradation
program period A3 (the same applies to later-mentioned peri-
ods Al, A2). Hence it is possible to stop light emission of the
organic EL element OLED.

[0159] At time 12, the potential of the scanning line DM;
changes to the “0” level, and the transistors T2, T3 are turned
off. For this reason, a holding voltage of the capacitor C1 is
determined to be the gate-source voltage Vgs shown in the
aboveexpression (1). At this time, since the source terminal of
the transistor T1 is electrically separated from the data/mea-
surement line DAME, as shown in F1G. 9, the light emission
drive current Ioled corresponding to the gate-source voltage
Vgs flows, and the organic EL element OLED emits light with
luminance in accordance with the light emission drive current
Toled. It should be noted that, when the organic EL element
OLED is emitting light with the luminance in accordance
with the light emission drive current Ioled as above, Ioled=Im
(i,j,P) holds. Since the transistor T1 is operated in a saturation
region, the light emission drive current loled is given by the
next expression (3):

loled = (B/2) = (Vgs — Vi) ()

= (8/2) = (Vref - Vm(i, j, P) - V)%,

where [} and Vt represent a gain and a threshold voltage of the
transistor T1, respectively. The gain f3 is given by the follow-
ing expression (4):

B=w*(W/L)*Cox (4),

where 1, W, [ and Cox represent mobility, a gate width, a gate
length, and a gate insulating film capacitance per unit area of
the transistor T1, respectively.

[0160] Itisto be noted that the data voltage Vm(i,j,P) in the
above expression (3) is set such that threshold voltage com-
pensation and gain compensation of the transistor T1 are
performed, which will be detailed later. By sequentially per-
forming the above operation in the desired gradation program
period A3 with respect to each scanning line DM, the data
voltage Vm is written into all the pixel circuits 51 in the video
signal period. It should be noted that the drive current Im is
not measured in the video signal period.

[0161] Incidentally, in the present embodiment, the high
level power supply line ELVDD is not connected to the
capacitor C1, and hence a value of the gate-source voltage
Vgs does not depend on the high level power supply voltage
ELVDD. For this reason, as shown in the above expression
(3), a value of the light emission drive current Ioled also does
not depend on the high level power supply voltage ELVDD.
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According to such a pixel circuit configuration, even when a
large current flows through the high level power supply line
ELVDD in order to drive the organic EL element OLED and
a drop voltage is generated due to wiring resistance of the
high level power supply line ELVDD, the light emission drive
current Joled is not fluctuated.

1.6 Operation in Vertical Synchronization Period

[0162] FIG. 10 is a timing chart for explaining operations of
the pixel circuit 51 and part of constitutional elements on the
data driver 600 side which correspond thereto, both shown in
FIG. 6, in the vertical synchronization period. Fach of a
period Al from time t1 to time t2 and a period Al from time
3 to time 4 is a period (hereinafter referred to as “measuring
gradation program period”) for writing, into the pixel circuit
51, the data voltage Vm (hereinafter may be simply referred to
as “measuring data voltage”) based on video data correspond-
ing to a gradation (hereinafter referred to as “measuring gra-
dation”) that is used for measuring the drive current Im. There
are two kinds of measuring gradations: one is a relatively low
first gradation P1 out of gradations settable in the controller
10 based on the video signal VS, and the other is a relatively
high second gradation P2 out of the gradations settable in the
controller 10 based on the video signal VS. Specific settings
of the first and second gradations P1, P2 will be described
later. Each of a period A2 from time t2 to time t3 and a period
A2 from time t4 to time t5 is a period (hereinafter referred to
as “current measurement period”) for measuring the drive
current Im corresponding to the measuring data voltage V.
Hereinafter, a measuring data voltage corresponding to the
first gradation P1 is referred to as a “first measuring data
voltage”, and a measuring data voltage corresponding to the
second gradation P2 is referred to as a “second measuring
data voltage”. Further, video data corresponding to the first
gradation P1 is referred to as “first measuring video data”, and
video data corresponding to the second gradation P2 is
referred to as “second measuring video data”.

[0163] In the vertical synchronization period, p scanming
lines DM are sequentially selected as described above. Here,
when the display panel 40 in the present embodiment is in an
FHD (Full High Definition) system, a total number of scan-
ning lines is 1125 and the number of effective scanning lines
is 1080. The number n of scanning lines DM corresponds to
the number of effective scanning lines. In the FHD system,
since the one frame period has 1125H periods and the video
signal period has 1080H periods, the vertical synchronization
period has 45H periods. In the present embodiment, assuming
that p=9, and each of 9 scanning lines DM is sequentially
selected every SH periods in the vertical synchronization
period. It should be noted that the value of p, the length of the
period for which the scanning line DM is selected, and the
like, are mere examples, and the present invention is not
restricted thereto.

[0164] Asshownin FIG. 10, in the 5H periods from time t1
to time t6 during which the potential of the scanning line DMj
is on the “1” level, the level of the input/output control signal
DWT is switched in sequence of the “1” level, the “0” level,
the “1” level, the “0” level, and the “1” level every 1H period.
The operational amplifier 731 functions as the buffer ampli-
fier as described above when the input/output control signal
DWT is on the “1” level, and it functions as the current
amplifier as described above when the input/output control
signal DWT is on the “0” level.



US 2015/0213757 Al

[0165] Before time t1, the potential of the scanning line
DM, is on the “0” level. At this time, the transistors T2, T3 are
in the off-state, and the drive current Im(i,j,P) in accordance
with the gate-source voltage Vgs held in the capacitor C1
flows through the transistor T1. The drive current Im(i,j,P),
which flows through the transistor T1, flows as the light
emission drive current Toled through the organic EL element
OLED. In addition, the organic EL element OLED emits light
with luminance in accordance with the light emission drive
current Joled.

[0166] At time t1, the potential of the scanning line DMj
changes to the “1” level, and the transistors T2, T3 are turned
on. Further, the input/output control signal DWT changes to
the “1” level, and the control switch SW is closed. Moreover,
the first measuring data voltage Vim(i,j,P1) is inputted into the
non-inverting input terminal of the operational amplifier 731.
Therefore, as shown in FIG. 11, the first measuring data
voltage Vm(i,j,P1) is supplied to the data/measurement line
DAMEIi. Accordingly, similarly to the desired gradation pro-
gram period A3, in the measuring gradation program period
Al from time t1 to time t2, the capacitor C1 is charged with
the gate-source voltage Vgs given by the next expression (5).

Vgs=Vref-Vm(i,j,P1) (5)

[0167] Hereinafter, the measuring gradation program
period Al for writing the first measuring data voltage Vm(i,
3.P1) is referred to as a “first measuring gradation program
period”.

[0168] At time t2, the input/output control signal DWT
changes to the “0” level, and the control switch SW is opened.
Further, similarly to time t1, the first measuring data voltage
Vm(i,j,P1) is inputted into the non-inverting input terminal of
the operational amplifier 731, and hence the potential of the
inverting input terminal also becomes the first measuring data
voltage Vm(i,j,P1) due to a virtual short circuit. It is to be
noted that, since the data/measurement line DAMEi has
already been charged to the first measuring data voltage Vm(i,
j,P1)inthe period Al from time t1 to time t2, the time required
for the potential of the inverting input terminal to become the
first measuring data voltage Vm(i,j,P1) is very little. In the
current measurement period A2 from time t2 to time t3, as
shown in FIG. 12, a current path of the drive current Im(i,j,P1)
via the transistor T3 in the on-state is formed, and the drive
current Im(i,j,P1) is outputted from the pixel circuit 51 to the
data/measurement line DAMEi. It is to be noted that the light
emission drive current Ioled does not flow, as seen from the
above expression (2). Thus, when the transistor T3 is in the
on-state, it can output the drive current Im(i,j,P1) to the data/
measurement line DAME: (the same applies to a later-men-
tioned drive current Im(i,j,P2)). Since the measurement pro-
cedure for the drive current Im(i,j,P1) outputted to the data/
measurement line DAMEi is as described above, its
description will be omitted here. Hereinafter, the drive current
Im(i,j,P1) corresponding to the first gradation P1 is referred to
as a “first drive current”, and the current measurement period
A2 for measuring the first drive current Im(i,j,P1) is referred
to as a “first current measurement period”. Further, the mea-
surement data Im(i,j,P1) indicating a value of the first drive
current Im(i.j,P1) is referred to as “first measurement data”.

[0169] The operation in the measuring gradation program
period Al from time t3 to time t4 is one obtained only by
changing, to the second gradation P2, the first gradation P1 in
the operation in the first measuring gradation program period
Al from time t1 to time t2, and hence its detailed description
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will be omitted. Hereinafter, the measuring gradation pro-
gram period A1 for writing the second measuring data voltage
Vm(i,j,P2) is referred to as a “second measuring gradation
program period”.

[0170] Theoperation in the current measurement period A2
from time t4 to time t5 is one obtained only by changing, to
the second gradation P2, the first gradation P1 in the operation
in the first current measurement period A2 from time t2 to
time t3, and hence its detailed description will be omitted.
Hereinafter, the drive current Im(i,},P2) corresponding to the
second gradation P2 is referred to as a “second drive current”,
and the current measurement period A2 for measuring the
second drive current Im(i,j,P2) is referred to as a “second
current measurement period”. Further, the measurement data
Im(i,j.P2) indicating a value of the second drive current Im(j,
1,P2) is referred to as “second measurement data”.

[0171] The operation in the desired gradation program
period A3 from time t5 to time t6 is similar to that in the video
signal period. and hence its detailed description will be omit-
ted. However, the data voltage Vm(i,j,P) that is written into
the pixel circuit 51 in the desired gradation program period
A3 during the vertical synchronization period in the present
embodiment is a value to which correction data updated based
on the first and second measurement data Im(i,j,P1), Im(i,j,
P2) acquired during the vertical synchronization period has
been reflected (detailed later).

[0172] At time t6, the potential of the scanning line DM;
changes to the “0” level, and the transistors T2, T3 are turned
off. For this reason, a holding voltage of the capacitor C1 is
determined to be the gate-source voltage Vgs shown in the
aboveexpression (1). At this time, since the source terminal of
the transistor T1 is electrically separated from the data/mea-
surement line DAME;, the light emission drive current Ioled
shown in the above expression (3) flows, and the organic EL,
element OLED emits light with luminance in accordance
with the light emission drive current Ioled.

[0173] Itis to be noted that although it is assumed here that
the second measuring gradation program period Al and the
second current measurement period A2 are provided after the
first measuring gradation program period Al and the first
current measurement period A2, the first measuring gradation
program period Al and the first current measurement period
A2 may be provided after the second measuring gradation
program period Al and the second current measurement
period A2.

[0174] By performing the respective operations in the first
measuring gradation program period Al, the first current
measurement period A2, the second measuring gradation pro-
gram period A1, the second current measurement period A2
and the desired gradation program period A3 with respect to
each of the p scanning lines DM, the drive current Im is
measured with respect to each of the pixel circuits 51 ((mxp)
circuits) corresponding to the p scanning lines DM.

[0175] It is to be noted that, when the drive current Im is
measured with respect to each of the pixel circuits 51 corre-
sponding to scanning lines DM1 to DMp on the first to p-th
rows in the vertical synchronization period of a certain frame
period, the drive current Im is measured with respect to each
of the pixel circuits 51 corresponding to scanning lines
DMp+1 to DM2p on the (p+1)-th to 2p-th rows in the vertical
synchronization period of the next frame period. Moreover,
when the drive current Im is measured in each of the pixel
circuits 51 corresponding to scanning lines DMn-p+1 to DMn
on the (n-p+1)-th to nth rows in the vertical synchronization



US 2015/0213757 Al

period of a certain frame period, the drive current Im is
measured with respect to each of the pixel circuits 51 corre-
sponding to the scanning lines DM1 to DMp on the first to
p-th rows in the vertical synchronization period of the next
frame period. In such a manner, by sequentially shifting the
(mxp) pixel circuits as measurement targets every one frame
period without overlapping, the drive current Im can be mea-
sured with respect to each of the (mxn) pixel circuits 51. As
described above, when p=9 in the FHD system, the drive
current Im can be measured for all the pixel circuits 51 in 120
frame periods (1080 rows/9 rows), namely in 2 seconds.

1.7 Operation in Each Frame Period

[0176] FIG. 13 is a diagram for explaining an operation in
each frame period in the present embodiment. Program tim-
ing in FIG. 13 shows timing for selecting each scanning line
DM and writing the data voltage Vm into the pixel circuit 51
corresponding to the scanning line DM in the video signal
period. In the vertical synchronization period of the first
frame period, measurement data is acquired with respect to
each of the pixel circuits 51 corresponding to the scanning
lines DM1 to DMp on the first to p-th rows, and the correction
data is updated based on the measurement data. In the vertical
synchronization period of the second frame period, measure-
ment data is acquired with respect to each of the pixel circuits
51 corresponding to the scanning lines DMp+1 to DM2p on
the (p+1)-th to 2p-th rows, and the correction data is updated
based on the measurement data. Also in the third frame period
and thereafter, a similar operation is performed by shifting the
p scanning lines DM every one frame period without over-

lapping.
1.8 Data Driver for One Column

[0177] FIG.141sacircuit diagram showing a constitutional
example of the data driver 600 for one column shown in FIG.
3. Itisto be noted that in FIG. 14, the shift register 63, the first
latch portion 64 and the latch circuit 650 are omitted for the
sake of convenience. The data driver 600 is provided witha D
latch 680 provided on a preceding stage to the DAC 660,
corresponding to each data/measurement line DAME. The D
latch 680 in the present embodiment corresponds to the data
latch portion. In addition, although the D latches 680 are
actually provided fora plurality of bit numbers with respect to
each one column, a description will be given hereinafter
assuming that the D latch 680 is provided for one bit with
respect to each one column for the sake of convenience.
[0178] TheDlatch 680 is provided with a D input terminal,
an LT input terminal and a Q output terminal. The D latch 680
receives the video data Vm(i,j,P) from the D input terminal,
receives the input/output control signal DWT from the LT
input terminal, and outputs from the Q output terminal the
video data Vm(i,j,P) to be given to the DAC 660 and the
subtraction portion 733. When the input/output control signal
DWT is on the “1” level, the D latch 680 outputs the video
dataVmn(i,},P) received from the D input terminal, as it is from
the Q output terminal. When the input/output control signal
DWT is onthe “0” level, the D latch 680 latches the video data
Vm(i,j,P) obtained at the time when the input/output control
signal DWT is on the “1” level immediately before, and
outputs it from the Q output terminal.

[0179] FIG. 151s a timing chart for explaining an operation
of the D latch 680 shown in FIG. 14 in the vertical synchro-
nization period. In FIG. 15, an input to the D input terminal is
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denoted by a symbol D, and an output from the Q output
terminal is denoted by a symbol Q.

[0180] In the first measuring gradation program period Al
from time t1 to time t2, the first measuring video data Vm(i,
3.P1) is inputted into the D input terminal. At this time, the
input/output control signal DWT is on the “1” level, and
hence the first measuring video data Vm(i,j,P1) inputted into
the D input terminal is outputted as it is from the Q output
terminal.

[0181] In the first current measurement period A2 from
time t2 to time t3, for example, there is no input into the D
input terminal. Since the input/output control signal DWT is
on the “0” level at this time, the first measuring video data
Vm(i,j,P1) as the input into the D input terminal in the first
measuring gradation program period Al immediately ther-
ebefore is latched, and then outputted from the output termi-
nal. In addition, more specifically, the first measuring video
data Vm(ij,P1) is latched at the time of the input/output
control signal DWT being changed from the “1” level to the
“0” level. The same applies to latching of the second measur-
ing video data Vm(i,j,P2).

[0182] In the second measuring gradation program period
Al from time t3 to time t4, the second measuring video data
Vm(i,j,P2) is inputted into the D input terminal. At this time,
the input/output control signal DWT is on the “1” level, and
hence the second measuring video data Vin(i,j,P2) inputted
into the D input terminal is outputted as it is from the Q output
terminal.

[0183] In the second current measurement period A2 from
time t4 to time t5, for example, there is no input into the D
input terminal. Since the input/output control signal DWT is
on the “0” level at this time, the second measuring video data
Vm(i,j,P2) as an input into the D input terminal in the second
measuring gradation program period Al immediately ther-
ebefore is latched, and then outputted from the output termi-
nal.

[0184] In the desired gradation program period A3 from
time t5 to time 6, the video data Vin(i,j,P) corresponding to
the gradation P is inputted into the D input terminal. At this
time, the input/output control signal DWT is on the “1” level,
and hence the video data Vm(i,j,P) inputted into the D input
terminal is outputted as it is from the Q output terminal.
[0185] In such a manner as above, the potential of the
data/measurement line DAMEi in the timing chart shown in
FIG. 10 is obtained. The configuration for obtaining the
potential of the data/measurement line DAMEi as thus
described can be modified in a variety of manners, and is not
restricted to the example of using the D latch 680.

[0186] Ttis to be noted that in the video signal period, the
input/output control signal DWT is constantly on the “1”
level, and hence the D latch 680 outputs the video data Vm(i,
J-P) received from the D input terminal, as it is from the Q
output terminal.

1.9 Data Communication Between Controller and
Data Driver

[0187] FIG. 16 is a block diagram for explaining data com-
munication between the controller 10 and the data driver 600
in the present embodiment. The communication bus 80 in the
present embodiment is configured of a unidirectional com-
munication bus from the controller 10 to the data driver 600
(hereinafter referred to as “first unidirectional communica-
tion bus”), and a unidirectional communication bus from the
data driver 600 to the controller 10 (hereinafter referred to as
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“second unidirectional communication bus”). It is to be noted
that, although the kinds of first and second unidirectional
communication buses are not particularly restricted, for
example, they are LVDS (Low Voltage Differential Signal-
ing), MIPI (Mobile Industry Processor Interface), e-DP (Em-
bedded Display Port), or the like.

[0188] A gain correction memory 21 and a threshold volt-
age correction memory 22 shown in FIG. 16 are provided in
a predetermined storage region of the DRAM 20. The gain
correction memory 21 stores gain correction data for correct-
ing the video data Vm(i,j,P) so that gain compensation of the
transistor T1 (drive transistor) is performed. The threshold
voltage correction memory 22 stores threshold voltage cor-
rection data for correcting the video data Vm(i,},P) so that
threshold voltage compensation of the transistor T1 is per-
formed. Each of the gain correction data and the threshold
voltage correction data is prepared with respect to each pixel
circuit 51. Hereinafter, the gain correction data corresponding
to the pixel circuit 51 on the j-th row and the i-th column is
denoted by a symbol B2R(i.j). Further, the threshold voltage
correction data corresponding to the pixel circuit on the j-th
row and the i-th column is denoted by a symbol V1(i,j). In the
present embodiment, the gain correction data B2R(i,j) corre-
sponds to second correction data, and the threshold voltage
correction data Vt(i,j) corresponds to first correction data. In
addition, it is assumed that an initial value of the gain correc-
tion data B2R(i,j) is set to 1, and an initial value of the
threshold voltage correction data V(i ) is set to a common
predetermined value in each pixel circuit 51.

[0189] As shown in FIG. 16, the controller 10 is provided
with afirst LUT (Look up Table) 11, a multiplication portion
12, an addition portion 13, a subtraction portion 14, a second
LUT 15, and a CPU (Central Processing Unit) 16. It is to be
noted that a logic circuit or the like may be used in place of the
CPU 16. The CPU 16 controls a variety of operations of the
controller 10.

[0190] The first LUT 11 receives the video signal VS from
the outside, converts the gradation P shown by the video
signal VS to the control voltage Ve(P) with respect to each
pixel circuit 51. The conversion in the first LUT 11 will be
detailed later.

[0191] The multiplication portion 12 receives the control
voltage Ve(P) from the first LUT 11, and receives the gain
correction data B2R(i,j) read from the gain correction
memory 21. The timing for reading the gain correction data
B2R(i,j) from the gain correction memory 21 is controlled by
the CPU 16 or the like. The multiplication portion 12 outputs
“Ve(P)*B2R(i,])” obtained by multiplying the control volt-
age Vc(P) by the gain correction data B2R(i)).

[0192] The addition portion 13 receives an output of the
multiplication portion 12, and receives the threshold voltage
correction data Vt(i,j) read from the threshold voltage correc-
tion memory 22. The timing for reading the threshold voltage
correction data V1(i,j) from the threshold voltage correction
memory 22 is controlled by the CPU 16 or the like. The
addition portion 13 outputs “Vc(P)*B2R(1,j)+Vt(ij)”
obtained by adding the threshold voltage correction data Vit(i,
) to the output of the multiplication portion 12.

[0193] The subtraction portion 14 receives the output of the
addition portion 13 and the reference voltage Vref, and out-
puts, as the video data Vm(i,j,P), a value obtained by subtract-
ing the output of the addition portion 13 from the reference
voltage Vref. The video data Vm(i,j,P) outputted from the
subtraction portion 14 is held by, for example, a buffer
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memory, not shown, or the like and is sent to the correspond-
ing data driver 600 via the first unidirectional communication
bus at predetermined timing based on control by the CPU 16.
The video data Vm(i,j,P) outputted by the subtraction portion
14 is given by the next expression (6).

Vin(i j,P)=Vref-Ve(P)*B2R(i,j)-Vi(i,) (6)

[0194] Here, when the expression (6) is substituted for the
above expression (3), the next expression (7) is obtained.

Toled=(B/2Y*(Vo(PY<B2R( jHVi(if)-VE)2 )

It is found from the above expression (7) that setting the gain
correction data B2R(i,j) and the threshold voltage correction
data Vt(i,j) to values in accordance with the state of the
transistor T1 enables the gain compensation and the threshold
voltage compensation.

[0195] The foregoing conversionin the first LUT 11 will be
further described. Here, it is assumed that a current for light-
ing the organic EL element OLED with the maximum lumi-
nance Yw is Iw, and the gate-source voltage Vgs of the tran-
sistor T1 at that time is given by the next expression (8).

Vgs=Vw+Vth (8)

In this case, the conversion in the first LUT 11 may be pet-
formed in accordance with the next expression (9), for
example.

Ve(Py=Vw Pl ©

[0196] By selecting the control voltage Vc(P) in such a
manner, the light emission drive current [oled(P) correspond-
ing to the gradation P is given by the next expression (10). In
addition, it is assumed: B2R(i,j)=1, Vt(i,) =Vt.

Toled(Py=(p/2)*Vw?#p>2 (10

Accordingly, the light emission drive current Ioled has a
characteristic of y=2.2 with respect to the gradation P, and the
light emission luminance which is proportional to the light
emission drive current Ioled also has a characteristic of y=2.2.
The input/output relation of the first LUT 11 at the time of
Iw=130 nA and Vw=2.0'V are shown in the following. Gra-
dation P/control voltage Ve(P) characteristics are shown in
FIG. 17, gradation P/light emission drive current Ioled(P)
characteristics are shown in FIG. 18, and gradation P/light
emission luminance Y(P) characteristics are shown in FIG.
19.

[0197] Incidentally, the expression (10) shows an ideal case
where the output current (drive current) of the transistor T1
has a characteristic of being a square of the input control
voltage, but in a region with a small output current, the output
current actually deviates from the square characteristic.
Accordingly, in the conversion in the first LUT 11, V¢(P)
normalized by the next expression (11) in place of the above
expression (9) is desirably taken as an output. This can
improve conversion accuracy in the first LUT 11:

Vo(P)=Vw*Vn(P) (1),

where Vn(P) is a non-linear value with respect to the grada-
tion P.

[0198] The second LUT 15 receives the first and second
gradations P1, P2, and converts these to the ideal character-
istic data IO(P) indicating ideal display characteristics corre-
sponding to the respective first and second gradations P1, P2
(more specifically, ideal values of the gradation to the drive
current) and outputs the ideal characteristic data IO(P). Here,
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the ideal characteristic data IO(P) is given by the next expres-
sion (12), and shown in FIG. 20.

I0(P)=Iw*P>? 12

[0199] The CPU 16 receives first and second measurement
data Im(ij,P1), Im(1,j,P2) from the data driver 600 via the
second unidirectional communication bus at predetermined
timing. In the case of receiving the first measurement data
Im(i,j,P1), the CPU 16 receives the ideal characteristic data
IO(P1) corresponding to the first gradation P1 from the sec-
ond LUT 15. The CPU 16 then compares the ideal character-
istic data IO(P1) and the first measurement data Im(ij,P1),
and updates the threshold voltage correction data Vit(i,j) based
on the comparison result.

[0200] Specifically, the CPU 16 makes the threshold volt-
age correction data Vt(i,j) be “Vi(ij)+AV” in the case of the
first measurement data Im(i,j,P1) satisfying the next expres-
sion (13), makes the threshold voltage correction data V1(i,j)
be “Vt(i,j)-V” in the case of the first measurement data Im(j,
J.P1) satisfying the next expression (14), and allows the
threshold voltage correction data Vi(i,j) to remain “Vt(i,j)” in
the case of the first measurement data Im(i,j,P1) satisfying the
next expression (15), thereby to update the threshold voltage
correction data V1(i,j). Here, AV represents a previously set
fixed value for changing a value of the threshold voltage
correction data Vt(i,j), and more specifically represents the
minimum value by which the threshold voltage correction
data Vt(i,j) can be changed. That is, the threshold voltage
correction data Vt(i,j) is updated by the minimum amount.

10(P1)-Im(i,j,P1)>0 (13)
10(P1)-Im(i,j, P1)<0 (14)
10(P1)-Im(i,j,P1)=0 (15)
[0201] In the case of receiving the second measurement

data Im(i,j.P2), the CPU 16 receives the ideal characteristic
data IO(P2) corresponding to the second gradation P2 from
the second LUT 15. The CPU 16 then compares the ideal
characteristic data IO(P2) and the second measurement data
Im(i,j,P2), and updates the gain correction data B2R(i,j)
based on the comparison result.

[0202] Specifically, the CPU 16 makes the gain correction
data B2R(i,j) be “B2R(i.j)+AB” in the case of the second
measurement data Im(i,j,P2) satisfying the next expression
(16), makes the gain correction data B2R(i,)) be “B2R(1,j)-
AB” in the case of the second measurement data Im(i,j,P2)
satisfying the next expression (17), and makes the gain cor-
rection data B2R(i,j) remain tobe “B2R(i,j)” in the case of the
second measurement data Im(i,j,P2) satisfying the next
expression (18), thereby to update the gain correction data
B2R(i,j). Here, AB represents a previously set fixed value for
changing a value of the gain correction data B2R(i,j), and
more specifically represents the minimum value by which the
gain correction data B2R(i,j) can be changed. Thatis, the gain
correction data B2R(i,j) is updated by the minimum amount.

I0(P2)-Im(i,j,P2)>0 (16)
10(P2)-Im(i,j,P2)<0 amn
I0(P2)-Im(i,j,P2)=0 (18)

[0203] Insuchamanneras above, with respect to each pixel

circuit 51, the threshold voltage correction data Vt(i,j) and the
gain correction data B2R(i,j) are updated every time the first
and second measurement data Im(ij,P1), Im(1,j.P2) are
received, respectively, and the video data Vm(i,j,P) based on
the threshold voltage correction data Vt(i,j) and the gain cor-
rection data B2R(i,j) is generated. In other words, the video
data Vm(i,j,P) is corrected based on the first and second
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measurement data Im(i,j,P1), Im(i,j,P2) or based on the
threshold voltage correction data Vt(i,j) and the gain correc-
tion data B2R(i,)).

[0204] Here, the reason for the use of the first measurement
data Im(i,j,P1) as a determination standard for updating the
threshold voltage correction data Vt(i,j) is as follows. When
the transistor T1 is driven in accordance with the first mea-
suring data voltage Vm(i,j,P1), the gate-source voltage Vigs of
the transistor T1 is relatively small. For this reason, a discrep-
ancy of threshold voltage Vt with respect to the gate-source
voltage Vgs is greatly reflected to the first drive current Im(j,
j,P1). Therefore, the first measurement data Im(i,j,P1) is suit-
able as the determination standard for updating the threshold
voltage correction data Vt(i,j).

[0205] Meanwhile, the reason for the use of the second
measurement data Im(i,j,P2) as a determination standard for
updating the gain correction data B2R(i,j) is as follows. When
the transistor T1 is driven in accordance with the second
measuring data voltage Vm(ij,P2), the gate-source voltage
Vgs of the transistor T1 is relatively large. For this reason, a
discrepancy of threshold voltage Vt with respect to the gate-
source voltage Vgs is hardly reflected to the second drive
current Im(i,j,P2), whereas a discrepancy of the gain f is
relatively greatly reflected to the second drive current Im(i,j,
P2). Therefore, the second measurement data Im(i,j,P2) is
suitable as the determination standard for updating the gain
correction data B2R(i,j).

1.10 First Gradation and Second Gradation

[0206] Specific settings of the first and second gradations
P1, P2 will be considered. As described above, the ideal
characteristic data 10(P) is given by the above expression
(12). It is assumed for the sake of convenience here that Iw is
1 and the ideal characteristic data IO(P) is given by the next
expression (19).

[0(P)=P>2 (19)

Further, an error function le(P) representing a measurement
error is defined by the next expression (20).

le(P)= IO(P) - (al s P*? + a2) (20)

=pr2_ (al = P24 a2)

[0207] Here, when measurement errors in the cases of the
first and second gradations P1, P2 are represented by nl and
n2, nl and n2 are given by the next expressions (21), (22),
respectively.

#1=lIe(P1)=P12?-(a1*P12%+02) (21
n2=Te(P2)=P2>?-(a1*P2>*+a2) (22)

By the expressions (21), (22), a1 and o2 are given by the next
expressions (23), (24), respectively.

al=1-(m2-n1)/(P2>2-P1%?) (23)
a2=(n2*P1?2-n1*P2 %) (P2?-P172)) (24)
[0208] When the expressions (23) and (24) are substituted

for the above expression (20), the error function Ie(P) is given
by the next expression (25).

Te(P)=[(2-1)* P>24311 %222 P122)) (P2?2- P12
2) (25)

[0209] FIG. 21(A)to FIG. 21(F), FIG. 22(A) to FIG. 22(D)
and FIG. 23(A) to FIG. 23(E) show simulation results of the
measurement error (error function le(P) given by the expres-
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sion (25)) in the case of n1=0.05 and n2=-0.05. In each figure,
a vertical axis and a horizontal axis represent |le(P)l and the
gradation P, respectively. In addition, it is assumed here that
the maximum gradation is 255. FIG. 21(A) to FIG. 21(F) are
a diagram showing a simulation result in the case of the first
gradation P1 being 0 and the second gradation P2 being 255,
a diagram showing a simulation result in the case of the first
gradation P1 being 2 and the second gradation P2 being 255,
a diagram showing a simulation result in the case of the first
gradation P1 being 4 and the second gradation P2 being 255,
a diagram showing a simulation result in the case of the first
gradation P1 being 10 and the second gradation P2 being 255,
a diagram showing a simulation result in the case of the first
gradation P1 being 20 and the second gradation P2 being 255,
and a diagram showing a simulation result in the case of the
first gradation P1 being 40 and the second gradation P2 being
255, respectively. FIG. 22(A) to FIG. 22(D) are a diagram
showing a simulation result in the case of the first gradation
P1 being 64 and the second gradation P2 being 255, adiagram
showing a simulation result in the case of the first gradation
P1 being 96 and the second gradation P2 being 255, a diagram
showing a simulation result in the case of the first gradation
P1 being 128 and the second gradation P2 being 255, and a
diagram showing a simulation result in the case of the first
gradation P1 being 192 and the second gradation P2 being
255, respectively. FIG. 23(A) to FIG. 23(E) are a diagram
showing a simulation result in the case of the first gradation
P1 being 64 and the second gradation P2 being 255, a diagram
showing a simulation result in the case of the first gradation
P1 being 64 and the second gradation P2 being 224, a diagram
showing a simulation result in the case of the first gradation
P1 being 64 and the second gradation P2 being 200, a diagram
showing a simulation result in the case of the first gradation
P1 being 64 and the second gradation P2 being 192, and a
diagram showing a simulation result in the case of the first
gradation P1 being 64 and the second gradation P2 being 160,
respectively.

[0210] It is found from FIG. 21(A) to FIG. 21(F), FIG.
22(A) to FIG. 22(D) and FIG. 23(A) to FIG. 23(E) that the
measurement error increases when the first gradation P1 is
larger than 64 and the measurement error increases when the
second gradation P2 is smaller than 200. Accordingly, when
the maximum gradationis 255, the first and second gradations
P1,P2 are desirably set to 0 to 64 and 200 to 255, respectively.
However, the present invention does not exclude settings of
the first and second gradations P1, P2 to those other than 0 to
64 and other than 200 to 255, respectively, and the first gra-
dation P1 may only be a relatively low gradation while the
second gradation P2 may only be a relatively high gradation.

1.11 Data Update

[0211] FIG. 24 is a timing chart for explaining timing for
receiving video data and sending measurement data in the
vertical synchronization period of an N-th frame period (N is
a natural number) in the present embodiment. In the vertical
synchronization period of the N-th frame period, the drive
current Im is measured with respect to each of the pixel
circuits 51 corresponding to the scanning lines DM1 to DMp.
Here, assuming p=7, and a 1H-period margin and a 9H-period
margin are provided on the start side and the end side of the
vertical synchronization period (45H periods), respectively. It
should be noted that such margins are not necessarily pro-
vided. For example, the margin may not be provided and p=9
may be used as above described. Further, V in FIG. 24 denotes
aperiod type signal indicating whether the period is the video
signal period or the vertical synchronization period. The
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period type signal V is on the “0” level in the video signal
period, and is on the “1” level in the vertical synchronization
period.

[0212] After the period type signal V is switched to the “1”
level, the vertical synchronization petiod starts, and after the
1H-period margin, the scanning line DM1 on the first row is
selected for SH periods. In these SH periods, as described
above, the first measuring gradation program period Al, the
first current measurement period A2, the second measuring
gradation program period Al, the second current measure-
ment period A2 and the desired gradation program period A3
concerning the pixel circuit 51 on the first row are sequen-
tially switched every 1H period. Hereinafter, the expression
“concerning the pixel circuit 51 on the j-th row” or “of the
pixel circuit 51 on the j-th row” will be abbreviated to “on the
j-th row” as appropriate. In the selection period for each
scanning line DM during the vertical synchronization period,
the level of the input/output control signal DWT is switched
in sequence of the “1” level, the “0” level, the “1” level, the
“0” level, and the “1” level every 1H period. It is to be noted
that in descriptions with reference to FI1G. 24 and later-men-
tioned FIGS. 25, 40, 41, 44 and 45, it is assumed that attention
is focused on the pixel circuit 51 on the i-th column for the
sake of convenience.

[0213] In the first measuring gradation program period Al
for the first row, first measuring video data Vm(i,1,P1) is sent
from the controller 10 to the data driver 600 via the first
unidirectional communication bus, and a first measuring data
voltage Vm(i,1,P1) is written.

[0214] In the first current measurement period A2 for the
first row, first measurement data Im(i,1,P1) is acquired, and
the first measurement data Im(i.1,P1) is sent from the data
driver 600 to the controller 10 via the second unidirectional
communication bus. Then in the controller 10, the threshold
voltage correction data Vt(i,1) is updated based on the
received first measurement data Im(i,1,P1).

[0215] In the second measuring gradation program period
Al for the first row, second measuring video data Vm(i,1,P2)
is sent from the controller 10 to the data driver 600 via the first
unidirectional communication bus, and a second measuring
data voltage Vm(i,1,P2) is written. Here, the threshold volt-
age correction data Vt(i,1) after updated has been reflected to
the second measuring video data Vm(,1,P2).

[0216] Inthe second current measurement period A2 forthe
first row, second measurement data Im(i,1,P2) is acquired,
and the second measurement data Im(i,1,P2) is sent from the
data driver 600 to the controller 10 via the second unidirec-
tional communication bus. Then in the controller 10, the gain
correction data B2R(i,1) is updated based on the received
second measurement data Im(i,1,P2).

[0217] In the desired gradation program period A3 for the
first row, video data Vm(i,1,P) is sent from the controller to
the data driver 600 via the first unidirectional communication
bus, and a data voltage Vm(i,1,P) is written. Here, the thresh-
old voltage correction data Vt(i,1) after updated and the gain
correction data B2R(3,1) after updated have been reflected to
the video data Vm(i,1,P).

[0218] Subsequently. the selection period for the first row is
completed, and the scanning lines DM2 to DM7 on the sec-
ond to seventh rows are sequentially selected, whereby an
operation similar to that on the first row is performed on each
of the second to seventh rows. After completion of the selec-
tion period for the seventh row and after a lapse of the 9H-pe-
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riod margin, the period type signal V is switched to the “0”
level, and the vertical synchronization period is completed.
[0219] Subsequently, the video signal period of the (N+1)-
th frame period is started, and data voltages, to which the
update result in the vertical synchronization period of the
N-th frame period has been reflected, are written for the first
to seventh rows, while data voltages, to which the update
result in the vertical synchronization periods of the (N-1)-th
or earlier frame periods has been reflected, are written for the
eighth to 1080th rows. It is to be noted that in the present
embodiment, as for the first to seventh rows, the latest update
result has already been reflected to the data voltage in the
vertical synchronization period of the N-th frame period.
[0220] FIG. 25 is a timing chart for explaining timing for
receiving video data and sending measurement data in the
vertical synchronization period of the (N+1)-th frame period
in the present embodiment. In the vertical synchronization
period of the (N+1)-th frame period, as shown in FIG. 25, an
operation similar to that for the first to seventh rows is per-
formed for the eighth to fourteenth rows. In the video signal
period of the (N+2)-th frame period, data voltages, to which
the update result in the vertical synchronization period of the
(N+1)-th frame period has been reflected, are written for the
eighth to fourteenth rows, while data voltages, to which the
update result in the vertical synchronizations period of the
N-th or earlier frame periods has been reflected, are written
for the first to seventh rows and the fifteenth to 1080th rows.
[0221] As described above, in the present embodiment, SH
periods are allocated for one row, and the threshold voltage
correction data Vt(i,j) and the gain correction data B2R(i,j)
are updated. Further, by simultaneously acquiring each mea-
surement data and sending the same, the update result is
reflected to video data (data voltage) in real time. In addition,
even when a bidirectional communication bus is used in place
of'the first and second unidirectional communication buses, it
is possible to update the threshold voltage correction data
Vt(i,j) and the gain correction data B2R(i,j) in a procedure
similar to that in the present embodiment. When the first and
second unidirectional communication buses are used as in the
present embodiment, it is also possible to send the first mea-
suring video data Vm(i,j,P1) and the second measuring video
data Vm(i,j,P2) from the controller 10 to the data driver 600 in
the first current measurement period A2 and the second cur-
rent measurement period A2, respectively. In this case, the
foregoing D latch 680 may not be used.

1.12 Scanning Drive Portion

[0222] FIG. 26 is a circuit diagram showing a detailed
configuration of the scanning drive portion 70 shown in FIG.
1. The scanning drive portion 70 is provided with a first shift
register 710, a second shift register 720, and a selector group
730. The first shift register 710 is a shift register for driving
the n scanning lines DM1 to DMn in the video signal period.
The second shift register 720 is a shift register for driving the
n scanning lines DM1 to DMn in the vertical synchronization
period. The selector group 730 gives an output of each stage
of the first shift register 710 to the corresponding scanning
line in the video signal period, and gives an output of each
stage of the second shift register 720 to the corresponding
scanning line in the vertical synchronization period.

[0223] Thefirst shift register 710 is provided with n first flip
flops FA1 to FAn (on n stages) and n first AND circuits AA1
to AAn (on n stages). The constitutional elements on the n
stages of the first shift register 710 correspond to the n scan-
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ning lines DM1 to DMn, respectively. Hereinafter, when it is
not particularly necessary to distinguish the first flip flops
FA1 to FAn on the n stages, these are simply denoted by a
symbol FA, and when it is not particularly necessary to dis-
tinguish the first AND circuits AA1 to AAn on the n stages,
these are simply denoted by a symbol AA. The first shift
register 710 receives from the controller 10 a first enable
signal DOE, a first start pulse SPV and a first clock HCK as a
variety of control signals.

[0224] The first flip flop FA is provided with a D input
terminal, a CK input terminal and a Q output terminal. An
output from the Q output terminal (hereinafter referred to as
“Q output”) of the first flip flop FA on a previous stage is
inputted into the D input terminal of the first flip flop FA on
each stage. However, the first start pulse SPV is inputted into
the D input terminal of the first flip flop FA1 on the first stage.
The first clock HCK is inputted into the CK input terminal of
the first flip flop FA on each stage. The Q output of the first flip
flop FA on the same stage is inputted into a first input terminal
of the first AND circuit AA on each stage, and the first enable
signal DOE is inputted into a second input terminal.

[0225] The second shift register 720 is provided with n
second flip flops FB1 to FBn (on n stages) and n second AND
circuits AB1 to ABn (on n stages). The constitutional ele-
ments on the n stages of the second shift register 720 corre-
spond to the n scanning lines DM1 to DMn, respectively.
Hereinafter, when it is not particularly necessary to distin-
guish the second flip flops FB1 to FBn on the n stages, these
are simply denoted by a symbol FB, and when it is not
particularly necessary to distinguish the second AND circuits
ABI1 to ABn on the n stages, these are simply denoted by a
symbol AB. The second shift register 720 receives from the
controller 10 a second enable signal MOE, a second start
pulse SPM and a second clock H5CK as a variety of control
signals.

[0226] The second flip flop FB is provided with a D input
terminal, a CK input terminal and a Q output terminal. The Q
output of the second flip flop FB on a previous stage is
inputtedinto the D input terminal of the second flip flop FB on
each stage. However, the second start pulse SPM is inputted
into the D input terminal of the second flip flop FB1 on the
first stage. The second clock HSCK is inputted into the CK
input terminal of the second flip flop FB on each stage. The Q
output of the second flip flop on the same stage is inputted into
a first input terminal of the second AND circuit AB on each
stage, and the second enable signal MOE is inputted into a
second input terminal.

[0227] The selector group 730 is provided with n selectors
SE1 to SEn (on n stages). The selectors SE1 to SEn on the n
stages correspond to the n scanning lines DM1 to DMn,
respectively. Hereinafter, when itis not particularly necessary
to distinguish the selectors SE1 to SEn on the n stages, these
are simply denoted by a symbol SE. The selector group 730
receives from the controller 10 a selector control signal
MS_IM as a variety of control signals.

[0228] The selector SE is provided with an A input termi-
nal, a B input terminal and a Y output terminal. Out of inputs
into the A input terminal and the B input terminal, the selector
SE selects which input is to be made an output from the Y
output terminal (hereinafter referred to as “Y output”) in
accordance with the selector control signal MS_IM. Specifi-
cally, the selector SE takes the input into the A input terminal
as the Y output when the selector control signal MS_IM is on
the “0” level, and the selector SE takes the input into the B
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input terminal as the Y output when the selector control signal
MS_IM is on the “1” level. On each stage, the output of the
first AND circuit AA on the same stage is inputted into the A
input terminal of the selector SE, and the output of the second
AND circuit AB on the same stage is inputted into the B input
terminal. The Y output of the selector SE on each stage is
inputted into the scanning line DM on the same stage.
[0229] As described above, the scanning drive portion 70 in
the present embodiment is provided with two gate drivers
700. For example, out of the constitutional elements of the
scanning drive portion 70 shown in FIG. 26, the constitutional
elements on odd-number stages correspond to one gate driver
700, and the constitutional elements on even-number stages
correspond to the other gate driver 700. Further, in the two
gate drivers 700, when a time constant of the scanning line is
poor with respect to a 1H period as in the case of the display
portion 50 having high definition or in the case of performing
driving at a double-speed or quadruple-speed frame fre-
quency, the two gate drivers 700 are driven by means of the
same drive signals from the right and left of the display
portion 50, whereby the poor time constant of the scanning
line can be compensated.

[0230] FIG.271s a timing chart for explaining an operation
of the scanning drive portion 70 shown in FIG. 26 in the N-th
frame period. In FIG. 27, QA1 to QAn denote the Q outputs
of the first flip flops FA1 to FAn, and QB1 to QBn denote the
Q outputs of the second flip flops FB1 to FBn, respectively.
The first clock HCK generates a pulse on the “1” level with
the 1H period taken as a cycle in the video signal period. The
second clock H5CK generates seven pulses on the “1” level
with the SH periods taken as a cycle in the vertical synchro-
nization period. In FIG. 27, it is assumed that the first clock
HCK generates the pulse on the “1” level with the 1H period
taken as the cycle also in the vertical synchronization period,
but the first clock HCK may be constantly on the “0” level in
the vertical synchronization period. The second clock HSCK
is constantly on the “0” level in the video signal period. The
first enable signal DOE is on inverse levels of the first clock
HCK in the video signal period, and is constantly on the “0”
level in the vertical synchronization period. In the video sig-
nal period, the second enable signal MOE is constantly on the
“0” level, and in the vertical synchronization period, it
changes to the “1” level simultaneously with falling of a first
pulse of the second clock H5CK, and changes to the “0” level
SH periods after falling of a seventh pulse.

[0231] At the start of the video signal period of the N-th
frame period, simultaneously with the selector control signal
MS_IM changing to the “0” level, the first start pulse SPV on
the “1” level is given to the D input terminal of the first flip
flop FA1 on the first stage. After the input of the first start
pulse SPV on the “1” level, the Q output on the “1” level is
shifted in synchronization with the first clock HCK. In the
video signal period, with the selector control signal MS_IM
being on the “0” level, a result of AND computing of the Q
output of the first flip flop FA on each stage and the first enable
signal DOE is given to the scanning line DM on the corre-
sponding row via the selector SE. In such a manner, the
scanning lines DM1 to DMn on the first to nth rows are
sequentially selected in the video signal period. It is to be
noted that the operations in the video signal periods are simi-
lar in respective frame periods.

[0232] At the start of the vertical synchronization period of
the N-th frame period, the selector control signal MS_IM
changes to the “1” level. Subsequently, a 1H-period margin is
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provided, and the Q output based on the second start pulse
SPM on the “1” level shifts in synchronization with the sec-
ond clock HSCK. It is to be noted that the period of the margin
is not particularly restricted. In the vertical synchronization
period of the 45H periods, the Q outputs of the second flip
flops FB1 to FB7 on the first to seventh stages sequentially
change to the “1” level. Inthe vertical synchronization period,
with the selector control signal MS_IM being on the “1” level,
aresult of AND computing of the Q output of the second flip
flop FB on each stage and the second enable signal MOE is
given to the scanning line DM on the corresponding row via
the selector SE. In such a manner, each of the scanning lines
DM1 to DM7 on the first to seventh rows is sequentially
selected every SH periods in the vertical synchronization
period of the N-th frame period. After generating a seventh
pulse, the second clock HSCK is fixed to the “0” level, and
hence the shift operation of the second shift register 720 is
stopped. For this reason, the Q output of the second flip flop
FB7 on the seventh stage is held on the “1” level. It is to be
noted that, after the stoppage of the shift operation of the
second shift register 720, the second enable signal MOE
changes to the “0” level as described above, and hence the
scanning line DM7 on the seventh row changes from the
selected state to the non-selected state.

[0233] FIG. 28 is atiming chart for explaining an operation
of the scanning drive portion 70 shown in FIG. 26 in the
(N+1)-th frame period. Since the operation in the video signal
period of the (N+1)-th frame period is similar to that in the
N-th frame period, its description will be omitted. At the start
of the vertical synchronization period of the (N+1)-th frame
period, the selector control signal MS_IM changes to the “1”
level. Subsequently, a 1H-period margin is provided, and the
second clock HSCK generates a pulse on the “1” level. For
this reason, the shift operation of the second shift register 720
is resumed, and by an operation similar to that in the N-th
frame period, the Q outputs of the second flip flops FB8 to
FB14 on the eighth to fourteenth stages sequentially change
to the “1” level. It is to be noted that the second start pulse
SPM is constantly on the “0” level in the (N+1)-th frame
period. In the vertical synchronization period, with the selec-
tor control signal MS_IM on the “1” level, a result of AND
computing of the Q output of the second flip flop FB on each
stage and the second enable signal MOE is given to the
scanning line DM on the corresponding row via the selector
SE. In such a manner, each of the scanning lines DM$ to
DM14 on the eighth to fourteenth rows is sequentially
selected every SH periods in the vertical synchronization
period of the (N+1)-th frame period. After generating a sev-
enth pulse, the second clock H5CK is fixed to the “0” level,
and hence the shift operation of the second shift register 720
is stopped. For this reason, the Q output of the second flip flop
FB14 on the fourteenth stage is held on the “1” level. It is to
be noted that, after the stoppage of the shift operation of the
second shift register 720, the second enable signal MOE goes
to the “0” level as described above, and hence the scanning
line DM14 on the fourteenth row changes from the selected
state to the non-selected state. By repeating such an operation
as being similar to that in the (N+1)-th frame period in the
(N+2)-th frame period, the (N+3)-th frame period, . . ., it is
possible to select all the scanning lines DM in the vertical
synchronization period. Thereafter, a similar operation is per-
formed in the N-th frame period, the (N+1)-th frame period,
the (N+2)-th frame period, . . . .
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[0234] 1In the examples shown in FIGS. 27 and 28, seven
scanning lines DM can be selected in the vertical synchroni-
zation period of each frame period, and 155 frame periods are
required for performing current measurement for the 1080
rows. In this case, the second start pulse SPM on the “1” level
is given to the second flip flop FB1 on the first stage only once
in the 155 frame periods.

1.13 Comparison with Conventional Examples

[0235] Next, a description will be given comparing the
present embodiment and the conventional examples. Here,
the conventional examples cited as targets to be compared are
the organic EL display device described in Patent Document
4 (hereinafter referred to as “first conventional example”),
and the organic EL display device described in Patent Docu-
ment 8 (hereinafter referred to as “second conventional
example”).

1.13.1 Comparison with First Conventional Example

[0236] FIG. 29 is a diagram for explaining correction by
use of the ideal characteristic data IO(P) in the first conven-
tional example. Here, the “target current” in the first conven-
tional example is called an “ideal characteristic” for the sake
of convenience of description. In the first conventional
example, ideal characteristic data IO(Pcal) with the gradation
Pcal and measurement data Im(i,j,Pcal) of a certain pixel
circuit are compared, and based on the comparison result, an
update similar to the update of the threshold voltage correc-
tion data Vt(i,j) in the present embodiment is performed. The
compensation operation in this case is performed only in an
offset direction with respect to the ideal characteristic data
1O(P). For this reason, only the threshold voltage compensa-
tion is performed and the gain compensation is not pet-
formed.

[0237] In comparison, in the present embodiment, as
described above, the ideal characteristic data IO(P) and the
first and second measurement data Im(i,j,P1), Im(i,j,P2) are
compared, and both the threshold voltage correction data
Vi(i,j) and the gain correction data B2R(i,j) are updated,
whereby both the threshold voltage compensation and the
gain compensation can be performed.

1.13.2 Comparison with Second Conventional
Example

[0238] FIG. 30 is a circuit diagram for explaining a charg-
ing operation in the second conventional example. It is
assumed that the pixel circuit in the second conventional
example has a configuration basically similar to that of the
pixel circuit 51 in the present embodiment, and the same
elements as those in the present embodiment are provided
with the same reference numerals to omit descriptions
thereof. SW1, SW2 in FIG. 30 denote that two switches each
in the closed state actually exist. The switches SW1, SW2
correspond to the transistors T2, T3 in the present embodi-
ment, respectively. The organic EL display device according
to the second conventional example is provided with a current
power Iref and a capacitor C2, connected to the data/measure-
ment line DAME (not shown), outside the pixel circuit 51.
Hereinafter, a reference current made to flow by the current
source Iref is also denoted by a symbol Iref.

[0239] In the second conventional example, the reference
current Iref is made to flow through the data/measurement
line DAME, to charge the capacitor C2 to the detection volt-
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age Vsen in accordance with the threshold voltage Vt. In other
words, the data/measurement line DAME is charged to the
detection voltage Vsen. By controlling the transistor T1 with
a voltage obtained by adding a data fluctuation amount
AVdata' in accordance with the movement deviation amount
MYV corresponding to each pixel circuit 51 to the detection
voltage Vsen obtained as thus described, whereby it is pos-
sible to perform both the threshold voltage compensation and
the mobility compensation.

[0240] Here considered is the time necessary for reading
the reference current Iref from the pixel circuit 51 to acquire
the detection voltage Vsen. Assuming that a capacitance of
the data/measurement line DAME is 30 pF and a drive current
for an intermediate gradation is S0 nA, in order for the poten-
tial of the data/measurement line DAME to change by 1 V, 0.6
msec is required as shown in the next expression (26):

T=CsAV/I 26)

=(30:1072%1)/(50+107%)

=06x107,

where T represents the time required for charging, C repre-
sents the capacitance of the data/measurement line DAME,
AV represents the potential change in data/measurement line
DAME, and I represents the drive current for the intermediate
gradation. Therefore, relatively long time is required for read-
ing the reference current Iref from the pixel circuit 51 to
acquire the detection voltage Vsen.

[0241] FIG. 31 is a circuit diagram for explaining a charg-
ing operation in the present embodiment. FIG. 32 is a circuit
diagram for explaining an operation of measuring the drive
current Im in the present embodiment. In the present embodi-
ment, as described above, in the measuring gradation pro-
gram period Al immediately before the current measurement
period A2, the data/measurement line DAME is previously
charged to the data voltage Vm. Accordingly, assuming that
the feedback resistance R1=107Q and a stray capacitance is
0.5 pF, a time constant CR indicating the time required for
reading the drive current Im needed for compensation from
the pixel circuit 51 is 5 psec as shown in the next expression
27).

CR=10"+0.5+10712 27

=5x107°

For this reason, when attention is focused on the operation of
reading the current to the outside of the pixel circuit 51, it is
possible to read the drive current Im at high speed in the
present embodiment as compared to the second conventional
example.

[0242] FIG. 33 is a diagram showing gradation/drive cur-
rent characteristics before compensation by use of the refer-
ence current Iref in the above second conventional example.
Here, Iref=0nA. InFIG. 33,110 nA, 120nA, 130 nA, 140nA
and 150 nA show drive currents (hereinafter referred to as
“specified-gradation drive current™) which are outputted by
five kinds of drive transistors (transistor T1 in the present
embodiment), respectively, with different characteristics
when a data voltage corresponding to the gradation of 255 is
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given to the five kinds of drive transistors. That the specified-
gradation drive current is different means that the charactet-
istic of the drive transistor (more specifically, mobility) is
different.

[0243] FIG. 34 is a diagram showing gradation/drive cur-
rent characteristics after the compensation by use of the ref-
erence current Irefin the above second conventional example.
Here, Iref=400 nA. As shown in FIG. 34, it is found that a
variation in characteristics of the drive transistor is sup-
pressed after the compensation by use of the reference current
Iref has been performed, as compared to that before the com-
pensation. Specifically, it is possible to match the character-
istic of each drive transistor at a place where the drive current
Im matches with the reference current Iref (in the vicinity of
a gradation 380). However, the variation in characteristics of
the drive transistor becomes larger as being more distant from
the vicinity of the gradation 380. Therefore, when a gradation
region thatis used for actual driving (hereinafier referred to as
“drive region”) is gradations of 0 to 255, the variation in
characteristics of the drive transistor cannot be sufficiently
suppressed in the drive region. In contrast, when the reference
current Iref is set to, for example, approximately 100 nA, the
characteristic of each drive transistor can be matched at a
place where the drive current Im is approximately 100 nA (in
the vicinity of a gradation of 200). Accordingly, as compared
to the case of setting the current to the 400 nA, the variation in
characteristics of the drive transistor in the drive region can be
suppressed. However, in this case, the charging time T to the
detection voltage Vsen shown in the above expression (26) is
long. Further, in the above second conventional example,
since the movement deviation amount MV corresponding to
each pixel circuit 51 needs to be previously measured and
prepared, compensation cannot be performed as following a
change in mobility of the drive transistor when it changes
with time.

[0244] FIG. 35 is a diagram showing gradation/drive cur-
rent characteristics after compensation by use of the drive
current Im corresponding to the first and second gradations
P1, P2 in the present embodiment. In the present embodi-
ment, the reference current Iref in the second conventional
example is not used, and both the threshold voltage compen-
sation and the gain compensation are petformed using the
first and second measurement data Im(ij,P1), Im(ij,P2).
Accordingly, the compensation is performed such that the
drive current Im(i,j,P) is getting closer to the ideal character-
istic data IO(P) with respect to each gradation in the drive
region, whereby it is possible to suppress the variation in
characteristics of the drive transistor (transistor T1) as com-
pared to the above second conventional example. Further, in
the present embodiment, with respect to each pixel circuit 51,
the threshold voltage correction data Vt(i,j) and the gain cor-
rection data B2R(i,j) are updated in each predetermined
period, whereby compensation can be performed as follow-
ing a change in characteristics of the transistor T1 with time.

1.14 Effects

[0245] According to the present embodiment, in the verti-
cal synchronization period, p scanning lines are sequentially
selected and the drive current Im is measured with respect to
each data/measurement line DAME, whereby the first and
second measurement data Im(i,j,P1), Im(i,j,P2) are acquired
with respect to each pixel circuit 51, and based on those, the
video data Vm(i,j.P) is corrected. When the transistor T1 is
driven in accordance with the first measuring data voltage
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Vm(i,j,P1), the gate-source voltage Vgs of the transistor T1 is
relatively small, and hence a discrepancy of the threshold
voltage Vt with respect to the gate-source voltage Vgs is
greatly reflected to the first drive current Im(i,j,P1). In con-
trast, when the transistor T1 is driven in accordance with the
second measuring data voltage Vm(i,j,P2), since the gate-
source voltage Vgs of the transistor T1 is relatively large, a
discrepancy of the threshold voltage Vt with respect to the
gate-source voltage Vgs is hardly reflected to the second drive
current Im(i,j,P2), whereas a discrepancy of the gain f is
relatively greatly reflected to the second drive current Im(i,j,
P2). For this reason, the first measurement data Im(i,j,P1) is
data to which the discrepancy of the threshold voltage Vt has
been greatly reflected, and the second measurement data Im(i,
1.P2) is data to which the discrepancy of the gain [} has been
greatly reflected. In such a manner as above, the video data
Vm(i,j,P) is corrected based on the first measurement data
Im(i,j.P1) to which the discrepancy of the threshold voltage
Vt has been greatly reflected and the second measurement
data Im(i,j,P2) to which the discrepancy of the gain 3 has been
greatly reflected, whereby itis possible to perform the thresh-
old voltage compensation and the gain compensation of the
transistor T1 with respect to each pixel circuit 51. Further, in
the vertical synchronization period, light emission of the
organic EL element OLED does notneed to be stopped except
for the pixel circuit 51 as the measurement target of the drive
current Im, whereby it is possible to perform the compensa-
tion while performing display. Moreovet, since the video data
Vm(i,j,P) is corrected based on the first and second measure-
ment data Im(i,j,P1), Im(i,j,P2) acquired in the vertical syn-
chronization period, it is possible to perform the compensa-
tion following a change in characteristics of the transistor T1
with time.

[0246] Further, according to the present embodiment, the
DRAM 20 where the threshold voltage correction data Vit(i,j)
and the gain correction data B2R(i,j) are stored is provided,
and based on comparison results between the ideal character-
istic data IO(P) and the first and second measurement data
Im(i,j.P1), Im(i,j,P2), the threshold voltage correction data
Vt(i,j) and the gain correction data B2R(i,j) are updated,
respectively. By performing such an update, it is possible to
reliably perform the compensation following a change in
characteristics of the transistor T1 with time. Further, since
the DRAM 20 is provided outside the data drive portion 60,
the configuration of the data drive portion 60 can be simpli-
fied. Moreover, by use of the ideal characteristic data IO(P), 1t
is possible to update the threshold voltage correction data
Vt(i,)) and the gain correction data B2R(i,j) by simple pro-
cessing.

[0247] Further, according to the present embodiment, only
one flash memory 30 is provided on the controller 10 side as
corresponding to the DRAM 20, and no flash memory 30 is
required on each data driver 600 side. Hence it is possible to
reduce the cost.

[0248] Further, according to the present embodiment, since
the threshold voltage correction data Vt(i,j) and the gain cor-
rection data B2R(i,)) are updated by the minimum amounts
(fixed amounts), the compensation can be performed as more
reliably following a change in characteristics of the transistor
T1 with time.

[0249] Further, according to the present embodiment, the
operational amplifier 731 and the control switch SW common
in the data voltage supply portion 610 and the current mea-
surement portion 620, and the resistance element R1 are
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provided, and the control switch SW is controlled by the
input/output control signal DWT. Therefore, the operational
amplifier 731 functions as a buffer amplifier for supplying the
data voltage Vm(i,j,P) to the data/measurement line DAMEi
at low output impedance when the input/output control signal
DWT is on the “1” level, and the measuring data voltage
Vm(i,j,P) is inputted into the non-inverting input terminal of
the operational amplifier 731 when the input/output control
signal DWT is on the “0” level, whereby the output voltage of
the operational amplifier has a value obtained by subtracting,
from the measuring data voltage Vm(i,j,P), the product of the
drive current Im and the resistance value R1. The measure-
ment data acquirement portion 740 can acquire the measure-
ment data Im(i,j,P) by measuring the drive current Im(i,j,P) in
consideration of the known measuring data voltage Vm(i,j,P)
and the resistance value R1, based on the output voltage of the
operational amplifier 731. Thus, the configuration of the data
drive portion 60 for the operation of measuring the drive
current Im(i,j,P) may be formed only by adding the resistance
element R1, the control switch SW and the measurement data
acquirement portion 740 to the conventional data drive por-
tion. This allows the data drive portion 60 to be provided at
low cost.

[0250] Further, according to the present embodiment, the
first measuring gradation program period A1, the first current
measurement period A2, the second measuring gradation pro-
gram period A1, the second current measurement period A2
and the desired gradation program period A3 are sequentially
provided within the selection period for each scanning line
DM in the vertical synchronization period. Hence it is pos-
sible to acquire both the first and second measurement data
Im(i,j,P1), Im(i,j,P2) in each selection period. Further, in the
desired gradation program period A3, the data voltage Vm(i,
J,P) corresponding to the desired gradation P is written into
the pixel circuit 51. Accordingly, at the start of the video
signal period immediately thereafter, it is possible to prevent
display with luminance based on the second measuring data
voltage Vm(i,j,P2) with respect to the pixel circuit 51 corre-
sponding to the scanning line DM selected in the vertical
synchronization period. Further, immediately before acquire-
ment of the first or second measurement data Im(i,j,P1) or
Im(i,j,P2), the data/measurement line DAME: is charged with
the first or second measuring data voltage Vim(i,j,P1) or Vm(j,
3.P2), respectively. Accordingly, when the first or second
measurement data Im(i,j,P1) or Im(i,j,P2) is to be acquired,
the first or second drive current Im(i,j,P1) or Im(i,j,P2) can be
measured at high speed without changing the potential of the
data/measurement line DAMEi (without bringing about
charge/discharge). Such an operation can be reliably pet-
formed, for example, by using the D latch 680 as described
above. Further, since the first and second unidirectional com-
munication buses are used in the present embodiment, the
first and second measuring video data Vm(i,1,P1), Vm(i,1,
P2) may be sent from the controller 10 to the data driver 600
also in the first and second current measurement periods A2,
so as not to use the D latch 680.

[0251] Moreover, according to the present embodiment, in
each selection period of the vertical synchronization period,
the first and second measurement data Im(i,j,P1), Im(i,j,P2)
acquired in the selection period are sent to the controller 10
before the desired gradation program period A3. Hence it is
possible to perform correction on the video data Vm(i,j,P) to
be sent to the data driver 600 by the controller 10 in the
desired gradation program period A3, based on the first and
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second measurement data Im(i,j,P1), Im(i,j,P2) acquired in
the selection period. It is thus possible to perform compensa-
tion of the variation in characteristics of the transistor T1 in
real time in the vertical synchronization period.

[0252] Further, according to the present embodiment, the
gate-source voltage Vgs of the transistor T1 is decided based
onthereference voltage Vrefand the data voltage Vm. That is,
the gate-source voltage Vgs of the transistor T1 does not
depend on the high level power supply voltage ELVDD.
Therefore, even when a large current flows through the high
level power supply line ELVDD in order to drive the organic
EL element OLED and a drop voltage is generated due to
wiring resistance ofthe high level power supply line ELVDD,
the light emission drive current Ioled is not fluctuated.
[0253] Moreover, in the present embodiment, when the
re-channel transistors T1 to T3 are the oxide TFTs, it is
possible to reduce the writing time and increase luminance.

1.15 Modified Example

[0254] FIG. 36 is a block diagram showing a configuration
of a data driver in a modified example of the above first
embodiment. The organic EL display device 1 in the present
modified example employs an SSD (Source Shared Driving)
system, and the configuration of the data driver 600 is one
formed by adding an SSD switch portion 69 to the configu-
ration of the above firstembodiment. The SSD switch portion
69 is provided with k/3 SSD switches 690, and is provided
between the second latch portion 65 and the D/A conversion
portion 66.

[0255] For each data driver 600, k/3 latch circuits 650, k/3
DACs 660 and k/3 voltage output/current measurement cit-
cuits 670 in the present modified example are provided. Each
of'the latch circuits 650, the SSD switches 690, the DACs 660
and the voltage output/current measurement circuits 670 cor-
responds to three data/measurement lines DAME. These
three data/measurement lines DAME are connected with the
pixel circuit 51 which forms an R subpixel (hereinafter
referred to as “R subpixel circuit”), the pixel circuit 51 which
forms a G subpixel (hereinafier referred to as “G subpixel
circuit”), and the pixel circuit 51 which forms a B subpixel
(hereinafter referred to as “B subpixel circuit”), respectively.
[0256] The latch circuit 650 captures and holds video data
(gradation values) for three pixels which are the R subpixel,
the G subpixel and the B subpixel in accordance with the latch
strobe signal LS, and gives the holding video data to the
corresponding SSD switch 690.

[0257] The SSD switch 690 outputs the video data for the
three subpixels received from the corresponding latch circuit
650 for each one subpixel in a time division manner in a 1H
period. Thereafter, by an operation similar to that in the above
first embodiment, the data voltage Vm of the subpixel of each
color is outputted from the operational amplifier 731. It
should be noted that, the output terminal of the operational
amplifier 731 and three data/measurement lines DAME
which correspond thereto are connected to each other via a
predetermined selection circuit, not shown, and by way of the
selection circuit, the data voltage Vm of each color outputted
from the operational amplifier 731 is selectively given to the
corresponding data/measurement line DAME.

[0258] In the present modified example, out of the consti-
tutional elements shown in FIG. 36, the shift register 63, the
first latch portion 64, the second latch portion 65, the SSD
switch portion 69, the D/A conversion portion 66 and part of
the voltage output/current measurement portion 67 which
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functions as the voltage output portion constitute the data
voltage supply portion 610, and a portion out of the voltage
output/current measurement portion 67 which functions as
the current measurement portion 620 constitutes the current
measurement portion 620.

[0259] According to the present modified example, in the
organic EL display device 1 that employs the SSD system, it
is possible to exert an effect similar to that of the above first
embodiment. It is to be noted that in the present modified
example, the data voltage Vm supplied to each data/measure-
ment line DAME can be held in a stray capacitance in the
data/measurement line DAME. However, when the stray
capacitance of the data/measurement line DAME is insuffi-
cient as a capacitance for holding the data voltage Vm, a
capacitor which functions as an additional capacitance may
be provided for holding the data voltage Vm.

2. Second Embodiment

[0260] <2.1 Data Driver>

[0261] FIG.37isacircuit diagram showing a constitutional
example of a data driver 600 in a second embodiment of the
present invention. Out of the constitutional elements of the
present embodiment, the same elements as those in the above
first embodiment are provided with the same reference
numerals, to omit descriptions thereof as appropriate. It is to
be noted that in FIG. 37, only the constitutional elements on
the i-th column and (i+1)-th column are shown (however,
later-mentioned first and second selectors 760, 770, buffer
amplifier 780 and measurement data acquirement portion 740
are constitutional elements in common between the plurality
of columns). In a description of the present embodiment, as
for symbols of the constitutional elements corresponding to
the i-th column and the (i+1)-th column, “_i” and “_i+1” are
addedtothe ends of those, respectively. It should be noted that
hereinafter, the constitutional elements on the i-th column are
mainly described, and descriptions of the constitutional ele-
ments on the (i+1)-th column will be omitted as appropriate.
InFIG. 37, similarly to FIG. 14 above, the shift register 63, the
first latch portion 64 and the latch circuit 650 are omitted for
the sake of convenience.

[0262] AsshowninFIG.37,aDlatch 680 i aDAC 660_/
and a voltage output/current measurement circuit 670_ 7 are
provided corresponding to the data/measurement line
DAME; on the i-th column. The voltage output/current mea-
surement circuit 670__i on the i-th column is provided with an
operational amplifier 731__i, a first capacitance (capacitance
element) Cdl_, a first control switch SW1_i, a voltage
holding portion 750_i, the first and second selectors 760,
770, the buffer amplifier 780, and the measurement data
acquirement portion 740. The first and second selectors 760,
770, the buffer amplifier 780 and the measurement data
acquirement portion 740 are common constitutional elements
on the Ns columns. Here, assuming i=1, Ns is an integer not
smaller than two and not larger than k when the data drive
portion 60 is configured of a plurality of data drivers 600, and
Ns is an integer not smaller than two and not larger than m
when the data drive portion 60 is configured of one data driver
600. The first control switch SW1__j in the present embodi-
ment is one similar to the control switch SW in the above first
embodiment. Further, the measurement data acquirement
portion 740 in the present embodiment is one similar to the
measurement data acquirement portion 740 in the above first
embodiment. In the present embodiment, a first capacitor
Cdl1__iis providedin place of the resistance element R1 in the
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above first embodiment, and the first capacitor Cd1_i corre-
sponds to the current/voltage conversion element. It is to be
noted that a function of the first capacitor Cdl_i will be
detailed later.

[0263] The voltage holding portion 750_i is provided
between the operational amplifier 731 i and the measure-
ment data acquirement portion 740, and holds an output volt-
age of the operational amplifier 731_i. The voltage holding
portion 750__; is, more specifically, provided with a second
control switch SW2_ i and a second capacitor (capacitance
element) Cd2_J. The second control switch SW2_i is pro-
vided between an output terminal of the operational amplifier
731_i and one end of the second capacitor Cd2_i, and the
second control switch SW2_i is closed when a sampling
signal SMP is on the “1” level, while it is opened when the
sampling signal SMP is on the “0” level. The sampling signal
SMP is, for example, given from the controller 10. The other
end of the second capacitor Cd2_ i is, for example, grounded.
[0264] The analog selector 760 as a first selector receives
output voltages of Ns operational amplifiers 731_i to 731__
i+Ns-1, and based on an address signal SEL, any of output
voltages of the Ns operational amplifiers 731_i to 731__i+
Ns-1 is given to the measurement data acquirement portion
740 via the buffer amplifier 780. The address signal SEL is,
for example, given from the controller 10 and shows an
address “x” (x=0 to Ns-1). When the address signal
SEL="x", the analog selector 760 gives an output voltage of
the operational amplifier 731__i+x to the measurement data
acquirement portion 740 via the buffer amplifier 780. The
analog selector 760 is, more specifically, provided with Ns
first input terminals, one second input terminal and one output
terminal, not shown. The N first input terminals of the analog
selector 760 are connected to one ends of second capacitors
Cd2_ito Cd2_i+Ns-1 of Ns voltage holding portions 750__i
to 750_i+Ns-1, respectively. Here, inputs into the Ns first
input terminals connected to the one ends of the second
capacitors Cd2_ito Cd2_i+Ns-1 are referred to as “inputs
of the analog selectors 760 on the i-th to (i+Ns-1)-th col-
umns”, and denoted by symbols Ve2 i to Ve2 i+Ns-1,
respectively. The address signal SEL is given to the second
input terminal of the analog selector 760. An input terminal of
the buffer amplifier 780 is connected to the output terminal of
the analog selector 760.

[0265] Thedigital selector 770 as a second selector receives
video data Vm(i,j,P) to Vm(i+Ns-1,j,P) before conversion of
data voltages which are given to non-inverting input terminals
of the Ns operational amplifiers 731_ i to 731 _i+Ns-1, and
gives any of the video data Vin(i,j,P) to Vm(i+Ns-1,j,P) to an
input terminal on the minuend side of the subtraction portion
733 based on the address signal SEL. In the case of the
address signal SEL, “x”, the digital selector 770 gives the
video data Vm(i+x,j.P) to the input terminal on the minuend
side of the subtraction portion 733. The digital selector 770 is,
more specifically, provided with Ns first input terminals, one
second input terminal and one output terminal, not shown.
The Ns first input terminals of the digital selector 770 are
connected with Q output terminals of Ns D latches 680_i to
680__i+Ns-1, respectively. The address signal SEL is given
to the second input terminal of the digital selector 770. The
input terminal on the minuend side of the subtraction portion
733 is connected to the output terminal of the digital selector
770.

[0266] As described above, the input terminal of the buffer
amplifier 780 is connected to the output terminal of the analog
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selector 760, and an output terminal of the buffer amplifier
780 is connected to an input terminal of the ADC 732. It is to
be noted that the buffer amplifier 780 may not be provided and
the output terminal of the analog selector 760 may be directly
connected to the input terminal of the ADC 732.

[0267] <2.2 Operation>

[0268] FIG. 381s a timing chart for explaining an operation
of each constitutional element shown in FIG. 37 in a vertical
synchronization period. In FIG. 38, AMP1 denotes the output
voltage of the operational amplifier 731 7, Vc2 i, Ve2 i+l
denote inputs of the analog selectors 760 on the i-th column
and the (i+1)-th column, respectively, Selout denotes an out-
put of the analog selector 760, and ADCout denotes an output
of the ADC 732. It should be noted that, since operations of
the D latch 680 7 and the DAC 660__i are similar to those in
the above first embodiment, descriptions thereof will be omit-
ted as appropriate.

[0269] In the first measuring gradation program period Al
from time t1 to time t2, first measuring video data Vm(i,j,P1),
inputted into the D input terminal of the D latch 680_1, is
outputted as it is from the Q output terminal. Further, from
time t1 to time t2, since the sampling signal SMP is on the “0”
level, the second control switch SW2_ i is opened.

[0270] In the first current measurement period A2 from
time t2 to time t3, similarly to the above first embodiment, the
first measuring video data Vm(i,j,P1) continues to be output-
ted from an output terminal of the D latch 680_i. Further,
from time 12 to time t3, since the input/output control signal
DWT is on the “0” level, the first control switch SW1_{ is
opened. Therefore, the drive current Im(i,j,P1) flowing
through the data/measurement line DAME is integrated by
the first capacitor Cdl__iin a period th. In the present embodi-
ment, th=A2. Further, from time t2 to time t3, the potential of
the inverting input terminal is the first measuring data voltage
Vm(i,j,P1) due to a virtual short circuit of the operational
amplifier 731_i. Accordingly, at time t3, the output voltage
AMP1out of the operational amplifier 731_ i becomes a value
given by the following expression (28):

AMPlout=Vm(,j,P1)-Im(i,j,P1)*(th/C) (28),

where C represents a capacitance value of the first capacitor
Cd1__i. In addition, it is assumed hereinafter that capacitance
values of the first capacitors Cdl_i to Cdl_i+Ns-1 are
mutually the same, and are assumed to be C.

[0271] In the first half of time t2 to time t3, since the
sampling signal SMP is on the “0” level, the second control
switch SW2_ 7 is opened. In the latter half of time t2 to time
13, since the sampling signal SMP is on the “1” level, the
second control switch SW2__i1s closed. For this reason, in the
latter half of time 12 to time t3, the second capacitor Cd2_iis
charged to the output voltage AMP1lout of the operational
amplifier 731__i.

[0272] In the second measuring gradation program period
Al from time t3 to time t4, since the sampling signal SMP is
on the “0” level, the second control switch SW2__j is opened.
For this reason, the second capacitor Cd2_ i holds the output
voltage AMP1out of the operational amplifier 731_i. In such
amanner, the output voltages of the Ns operational amplifiers
731_ito 731_i+Ns-1 are given to the analog selector 760.
Further, from time t3 to time t4, the address signal SEL is
given to the analog selector 760. The analog selector 760
selects an input Vc2_i+x onthe (i+x)-th column based on the
address signal SEL, and gives the input Vc2_i+x on the
(i+x)-th row to the ADC 732 via the buffer amplifier 780.
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From time t3 to time t4, x changes from 0 to Ns-1, for
example. However, the sequence of changes in x is not pat-
ticularly restricted. Tt is to be noted that the address signal
SEL is also given to the digital selector 770. Therefore, the
digital selector 770 selects the first measuring video data
Vm(i+x,j,P1) based on the address signal SEL, and gives it to
the input terminal on the minuend side of the subtraction
portion 733. It is to be noted that from time t3 to time t4, since
the second measuring video data Vm(i,j,P2) is being output-
ted from the Q output terminal of the D latch 680 i, the first
measuring video data Vm(i+x,j,P1) is desirably selected by
the digital selector 770 during a period from time t1 to time t2
or from time t2 to time t3 when the first measuring video data
Vm(i,j,P1) is being outputted from the Q output terminal of
the D latch 680_i. In this case, the timing for outputting the
first measuring video data Vm(i+x,j,P1) by the digital selector
770 may be suitably adjusted.

[0273] Theoperation of the measurement data acquirement
portion 740 from time t3 to time t4 will be described. The
ADC 732 A/D converts the input Vc2_i+x on the (i+x)-th
column which is given via the buffer amplifier 780, namely
“Vm(i+x,j,P1)-Im(1+x,j,P1)*(th/C)”, and gives it to an input
terminal on the subtrahend side of the subtraction portion
733. As described above, since the first measuring video data
Vm(i+x,j,P1) is given to the input terminal on the minuend
side of the subtraction portion 733, the output of the subtrac-
tion portion 733 is “~Im(i+x,j,P1)*(th/C)”. Further, the out-
put of the division portion 734 obtained when dividing the
output of the subtraction portion 733 by “~th/C”, is Im(i+x,
3-P1). In such a manner, first measurement data Im(i+x,j,P1) is
acquired. More specifically, in the case of x sequentially
changing from 0 to Ns-1, the first measurement data Im(i,j,
P1), Im(i+1,j,P1), Im(i+2,j,P1), Im(i+Ns-1,j,P1) are sequen-
tially obtained from time t3 to time t4. It should be noted that
“~th/C” that is inputted into the division portion 734 may, for
example, be previously calculated and stored into a register,
and may be read from the register when it is to be inputted into
the division portion 734. Further, the division portion 734
may be replaced by amultiplication portion, and “~C/th” may
be inputted into the multiplication portion in place of “~th/C”.
[0274] It is to be noted that the operations concerning the
voltage holding portion 750_i, the analog selector 760, the
digital selector 770, the buffer amplifier 780 and the measure-
ment data acquirement portion 740 in the second current
measurement period A2 from time t4 to time t5 and the
desired gradation program period A3 from time t5 to time t6
are obtained only by changing, to the second gradation P2, the
first gradation P1 of the operation in the second current mea-
surement period A2 from time t4 to time t5 and the desired
gradation program period A3 from time t5 to time t6, and
hence detailed descriptions thereof will be omitted. Further,
since the operation in the video signal period in the present
embodiment is similar to that in the above first embodiment,
a description thereof will be omitted. Tt should be noted that
the present embodiment is not restricted to the example of
using the D latch 680 i, similarly to the above first embodi-
ment.

[0275] <2.3 First Capacitor>

[0276] Next, the function of the first capacitor Cdl1__j will
be described. In the above first embodiment, the resistance
element R1 is used as the current/voltage conversion element
provided between the output terminal and the inverting input
terminal of the operational amplifier 731. When the control
switch SW (a first control switch SW1 in the present embodi-
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ment) is closed, a current flowing through the resistance ele-
ment R1 is converted to a voltage.

[0277] Incidentally, in the case of using the resistance ele-
ment R1 as the current/voltage conversion element. when a
shot noise (also called 1/fnoise; f represents frequency) gen-
erated by the operational amplifier 731 itself, a thermal noise
or the like is denoted by an input equivalent noise current In,
anoise of “In*R1+sqrt(4kTBR1)” appears in the output of the
operational amplifier. Here, k represents a Boltzmann’s con-
stant, T represents an absolute temperature, and B represents
a band width. Such noises bring about deterioration in detec-
tion accuracy at the time of detecting a current of several
nanoamperes.

[0278] Further, when a capacitive load such as the data/
measurement line DAMEFEi (bus line) is connected to the
inverting input terminal of the operational amplifier 731, a
phase margin becomes short and the operation tends to
become unstable. Against such a phenomenon, there has hith-
erto been a method of adding a phase compensation capacitor
ofapproximately 1 pF in parallel to the resistance element R1,
to ensure the phase margin. However, due to a time constant
CR decided based on the resistance element R1 and the phase
compensation capacitor, a response speed decreases signifi-
cantly. For example, at the time of detecting a current of 100
nA as a voltage of approximately 1V, since R11s generally set
to approximately 10 MQ, the time constant CR is approxi-
mately 10 psec (=10x10°x107"2). Since the 1H period is
about 14.8 psec at an FHD (Full High Definition) resolution,
with the time constant CR of approximately 10 usec, it is
difficult to obtain sufficient detection accuracy in measure-
ment within the 1H period.

[0279] When the first capacitor Cd1 is used as the current/
voltage conversion element as in the present embodiment, an
input equivalent noise of the operational amplifier 731 and a
thermal noise generated in the resistance element R1 are
reduced. Specifically, when an input equivalent voltage of the
operational amplifier 731 is Vn, a noise that appears in the
output of the operational amplifier 731 is “Vn+sqrt(kT/C)”,
and is smaller than a noise in the case of using the resistance
element R1. It is to be noted that such a method is a known
one, and has been employed in a sensor amplifier that handles
a micro-current, and the like, for example.

[0280] <2.4 Effect>

[0281] According to the present embodiment, since the out-
put voltage of the operational amplifier 731 and the video data
which are to be given to the measurement data acquirement
portion 740 are selected by use of the first and second selec-
tors 760, 770, the number of measurement data acquirement
portions 740 that is provided with respect to the Ns opera-
tional amplifiers 731 may be one. Hence it is possible to
reduce the number of measurement data acquirement por-
tions 740, so as to reduce a circuit scale of the data driver 600.
[0282] Further, according to the present embodiment, since
the first capacitor Cd1 is used as the current/voltage conver-
sion element that is provided between the output terminal and
the inverting input terminal of the operational amplifier 731,
it is possible to reduce a noise that appears in the output of the
operational amplifier 731.

3. Third Embodiment

[0283] <3.1 Data Communication Between Controller and
Data Driver>
[0284] FIG. 39 is a block diagram for explaining data com-

munication between the controller 10 and the data driver 600
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in a third embodiment of the present invention. Out of the
constitutional elements of the present embodiment, the same
elements as those in the above first embodiment are provided
with the same reference numerals, to omit descriptions
thereof as appropriate. A communication bus in the present
embodiment is configured of a bidirectional communication
bus capable of performing bidirectional data communication
between the controller 10 and the data driver 600. In addition,
the kind of bidirectional communication bus is not particu-
larly restricted, but it is an LVDS, an MIPI, an e-DP or the
like, for example.

[0285] <3.2 Data Update>

[0286] FIG. 40 is a timing chart for explaining timing for
receiving video data and sending measurement data in a ver-
tical synchronization period of an N-th frame period in the
present embodiment. In the present embodiment, assuming
p=7, and a 2H-period margin and a 1H-period margin are
provided on the start side and the end side of the vertical
synchronization period (45H periods), respectively. Further,
in the present embodiment, a measurement data sending
period of 1H period is provided after completion of each
selection period in the vertical synchronization period. In the
measurement data sending period, all the scanning lines DM
are in the non-selected state.

[0287] After the period type signal V is switched to the “1”
level, the vertical synchronization period starts, and after the
2H-period margin, the scanning line DM1 on the first row is
selected for SH periods. In these SH periods, similarly to the
above first embodiment, the first measuring gradation pro-
gram period A1, the first current measurement period A2, the
second measuring gradation program period Al, the second
current measurement period A2 and the desired gradation
program period A3 for the first row are sequentially switched
every 1H period.

[0288] In the first measuring gradation program period Al
for the first row, the first measuring video data Vm(i,1,P1) is
sent from the controller 10 to the data driver 600 via the
bidirectional communication bus, and the first measuring data
voltage Vm(i,1,P1) is written.

[0289] In the first current measurement period A2 for the
first row, the first measurement data Im(i,1,P1) is acquired.
[0290] In the second measuring gradation program period
Al for the first row, the second measuring video data Vm(i,
1,P2) is sent from the controller 10 to the data driver 600 via
the bidirectional communication bus, and the second measut-
ing data voltage Vm(i,1,P2) is written.

[0291] Inthe second current measurement period A2 for the
first row, the second measurement data Im(i,1,P2) is acquired.
Further, the first measurement data Im(i,1,P1) is sent from the
data driver 600 to the controller 10 via the bidirectional com-
munication bus. Then in the controller 10, the threshold volt-
age correction data Vt(i,1) is updated based on the received
first measurement data Im(i,1,P1).

[0292] In the desired gradation program period A3 for the
first row, the video data Vm(i,1,P) is sent from the controller
10 to the data driver 600 via the bidirectional communication
bus, and the data voltage Vm(i,1,P) is written. Here, the
threshold voltage correction data Vit(i,1) after updated has
been reflected to the video data Vm(i,1,P).

[0293] Inthe measurement data sending period between the
selection period for the first row and the selection period for
the second row, the second measurement data Im(i,1,P2) is
sent from the data driver 600 to the controller 10 via the
bidirectional communication bus. Then in the controller 10,
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the gain correction data B2R(i,1) is updated based on the
received second measurement data Im(i,1,P2).

[0294] Subsequently, the scanning lines DM2 to DM7 on
the second to seventh rows are sequentially selected, whereby
an operation similar to that on the first row is performed on
each of the second to seventh rows. After sending second
measurement data Im(i,7,P2) on the seventh row and after a
lapse of the 1H-period margin, the period type signal V is
switched to the “0” level, and the vertical synchronization
period is completed.

[0295] Subsequently, the video signal period of the (N+1)-
th frame period is started, and data voltages, to which the
update result in the vertical synchronization period of the
N-th frame period has been reflected, are written for the first
to seventh row, while data voltages, to which the update result
in the vertical synchronization periods of the (N-1)-th or
earlier frame periods has been reflected, are written for the
eighth to 1080th rows.

[0296] FIG. 41 is a timing chart for explaining timing for
receiving video data and sending measurement data in the
vertical synchronization period of the (N+1)-th frame period
in the present embodiment. In the vertical synchronization
period of the (N+1)-th frame period, as shown in FIG. 41, an
operation similar to that for the first to seventh rows is per-
formed for the eighth to fourteenth rows. In the video signal
period of the (N+2)-th frame period, data voltages, to which
the update result in the vertical synchronization period of the
(N+1)-th frame period has been reflected, are written for the
eighth to fourteenth rows, while data voltages, to which the
update result in the vertical synchronization periods of the
N-th or earlier frame periods has been reflected, are written
for the first to seventh rows and the fifteenth to 1080th rows.
[0297] As described above, in the present embodiment, 6H
periods are allocated for one row, and the threshold voltage
correction data Vt(i,j) and the gain correction data B2R(i,))
are updated. Further, 2H periods after acquirement of the first
and second measurement data Im(1,j,P1), Im(1,j,P2), the first
and second measurement data Im(i,j,P1), Im(i,j,P2) are sent,
respectively. Moreover, an update result of the threshold volt-
age correction data Vt(i,j) is reflected to the video data (data
voltage) in real time. In addition, even when the first and
second unidirectional communication buses are used in place
of the bidirectional communication bus, it is possible to
update the threshold voltage correction data Vt(i,j) and the
gain correction data B2R(i,j) in a procedure similar to that in
the present embodiment.

[0298] <3.3 Scanning Drive Portion>

[0299] FIG. 42 is a timing chart for explaining an operation
of a scanning drive portion 70 in the N-th frame period in the
present embodiment. It is to be noted that the configuration of
the scanning drive portion 70 and its operation in the video
signal period are similar to those in the above first embodi-
ment. In the present embodiment, differently from the above
first embodiment, a second clock H6CK, which generates
seven pulses on the “1” level with the 6H periods taken as a
cycle in the vertical synchronization period, is inputted into
the CK input terminal of each second flip flop FB. Further, in
the video signal period, the second enable signal MOE in the
present embodiment is constantly on the “0” level, and in the
vertical synchronization period, it changes to the “1” level
simultaneously with falling of the second clock H6CK, and
changes to the “0” level SH periods thereafter.

[0300] At the start of the vertical synchronization period of
the N-th frame period, the selector control signal MS_IM
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changes to the “1” level. Subsequently, a 2H-period margin is
provided, and the Q output based on the second start pulse
SPM on the “1” level shifts in synchronization with the sec-
ond clock H6CK. It is to be noted that the period of the margin
is not particularly restricted. In the vertical synchronization
period of the 45H periods, the Q outputs of the second flip
flops FB1 to FB7 on the first to seventh stages sequentially
change to the “1” level. Inthe vertical synchronization period,
with the selector control signal MS_IM being on the “1” level,
aresult of AND computing of the Q output of the second flip
flop FB on each stage and the second enable signal MOE is
given to the scanning line DM on the corresponding row via
the selector SE. In such a manner, each of the scanning lines
DM1 to DM7 on the first to seventh rows is sequentially
selected every 6H periods while a 1H period gap is left, in the
vertical synchronization period of the N-th frame period.
After generating a seventh pulse, the second clock H6CK is
fixed to the “0” level, and hence the shift operation of the
second shift register 720 is stopped. For this reason, the Q
output of the second flip flop FB7 on the seventh stage is held
on the “1” level. Itis to be noted that, after the stoppage of the
shift operation of the second shift register 720, the second
enable signal MOE changes to the “0” level as described
above, and hence the scanning line DM7 on the seventh row
changes from the selected state to the non-selected state.

[0301] FIG. 43 is atiming chart for explaining an operation
of the scanning drive portion 70 in the (N+1)-th frame period
in the present embodiment. Since the operation in the video
signal period of the (N+1)-th frame period is similar to that in
the N-th frame period, its description will be omitted. At the
start of the vertical synchronization period of the (N+1)-th
frame period, the selector control signal MS_IM changes to
the “1” level. Subsequently, a 2H-period margin is provided,
and the second clock H6CK generates a pulse onthe “1” level.
For this reason, the shift operation of the second shift register
720 is resumed, and by an operation similar to that in the N-th
frame period, the Q outputs of the second flip flops FB8 to
FB14 on the eighth to fourteenth stages sequentially change
to the “1” level. It is to be noted that the second start pulse
SPM is constantly on the “0” level in the (N+1)-th frame
period. In the vertical synchronization period, with the selec-
tor control signal MS_IM being on the “1” level, a result of
AND computing of the Q output of the second flip flop FB on
each stage and the second enable signal MOE is given to the
scanning line DM on the corresponding row via the selector
SE. In such a manner, the scanning lines DM8 to DM14 onthe
eighth to fourteenth rows are sequentially selected every 6H
periods while a 1H period gap is left, in the vertical synchro-
nization period of the (N+1)-th frame period. After generating
a seventh pulse, the second clock H6CK is fixed to the “0”
level, and hence the shift operation of the second shift register
720 is stopped. For this reason, the Q output of the second flip
flop FB14 on the fourteenth stage is held on the “1” level. It is
to be noted that, after the stoppage of the shift operation of the
second shift register 720, the second enable signal MOE goes
to the “0” level as described above, and hence the scanning
line DM14 on the fourteenth row changes from the selected
state to the non-selected state. By repeating such an operation
as being similar to that in the (N+1)-th frame period in the
(N+2)-th frame period, the (N+3)-th frame period, . . ., it is
possible to select all the scanning lines DM in the vertical
synchronization period. Thereafter, a similar operation is per-
formed in the N-th frame period, the (N+1)-th frame period,
the (N+2)-th frame period, . . . .
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[0302] <3.4 Effect>

[0303] According to the present embodiment, since the
bidirectional communication bus is used, a communication
system between the controller 10 and the data driver 600 can
be reduced. Hence it is possible to reduce the cost.

[0304] Further, according to the present embodiment, 2H
periods after acquirement of the first and second measure-
ment data Im(i,j,P1), Im(i,j,P2), the first and second measure-
ment data Im(i,j,P1), Im(i,j,P2) are sent to the controller 10.
Hence it is possible to sufficiently ensure preparation time
before sending the first and second measurement data Im(i,],
P1), Im(i,j,P2), so as to reliably send the first and second
measurement data Im(i,j,P1), Im(i,j,P2) to the controller 10.

4. Fourth Embodiment

[0305] <4.1 Data Update>

[0306] FIG. 44 is a timing chart for explaining timing for
receiving video data and sending measurement data in a ver-
tical synchronization period of an N-th frame period in a
fourth embodiment of the present invention. Out of the con-
stitutional elements of the present embodiment, the same
elements as those in the above first embodiment are provided
with the same reference numerals, to omit descriptions
thereof as appropriate. In the present embodiment, assuming
p=6, and a 1H-period margin and a 2H-period margin are
provided on the start side and the end side of the vertical
synchronization period (45H periods), respectively. Further,
in the present embodiment, a measurement data sending
period of 2H periods is provided after completion of each
selection period in the vertical synchronization period. In the
measurement data sending period, all the scanning lines DM
are in the non-selected state. Further, although a description
will be given assuming that a communication bus 80 is con-
figured of the bidirectional communication bus in the present
embodiment, the communication bus 80 may be configured
of the first and second unidirectional communication buses.
[0307] After the period type signal V is switched to the “1”
level, the vertical synchronization period starts, and after the
1H-period margin, the scanning line DM1 on the first row is
selected for SH periods. In these SH periods, similarly to the
above first embodiment, the first measuring gradation pro-
gram period A1, the first current measurement period A2, the
second measuring gradation program period Al, the second
current measurement period A2 and the desired gradation
program period A3 for the first row are sequentially switched
every 1H period.

[0308] In the first measuring gradation program period Al
for the first row, the first measuring video data Vm(i,1,P1) is
sent from the controller 10 to the data driver 600 via the
bidirectional communication bus, and the first measuring data
voltage Vm(i,1,P1) is written.

[0309] In the first current measurement period A2 for the
first row, similarly to the first measuring gradation program
period Al, the first measuring video data Vm(i,1,P1) is sent
from the controller 10 to the data driver 600 via the bidirec-
tional communication bus, and the first measurement data
Im(i,1,P1) is acquired.

[0310] In the second measuring gradation program period
A1 for the first row, the second measuring video data Vm(i,
1,P2) is sent from the controller 10 to the data driver 600 via
the bidirectional communication bus, and the second measur-
ing data voltage Vm(i,1,P2) is written.

[0311] Inthe second current measurement period A2 for the
first row, similarly to the second measuring gradation pro-
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gram period A1, the second measuring video data Vm(i,1,P2)
is sent from the controller 10 to the data driver 600 via the
bidirectional communication bus, and the second measure-
ment data Im(i,1,P2) is acquired.

[0312] In the desired gradation program period A3 for the
first row, the video data Vm(i,1,P) is sent from the controller
10 to the data driver 600 via the bidirectional communication
bus, and the data voltage Vm(1,1,P) is written.

[0313] Ina 1H period as the first half of the measurement
data sending period between the selection period for the first
row and the selection period for the second row, the first
measurement data Im(i,1,P1) is sent from the data driver 600
to the controller 10 via the bidirectional communication bus.
Then in the controller 10, the threshold voltage correction
data Vt(i,1) is updated based on the received first measure-
ment data Im(i,1,P1).

[0314] Ina 1H period as the latter half of the measurement
data sending period between the selection period for the first
row and the selection period for the second row, the second
measurement data Im(i,1,P2) is sent from the data driver 600
to the controller 10 via the bidirectional communication bus.
Then in the controller 10, the gain correction data B2R(1,1) 1s
updated based on the received second measurement data Im(j,
1,P2).

[0315] Subsequently. the scanning lines DM2 to DM6 on
the second to sixth rows are sequentially selected, whereby an
operation similar to that on the first row is performed on each
of the second to sixth rows. After sending second measure-
ment data Im(i,6,P2) on the sixth row and after a lapse of the
2H-period margin, the period type signal V is switched to the
“0” level, and the vertical synchronization period is com-
pleted.

[0316] Subsequently. the video signal period of the (N+1)-
th frame period is started, and data voltages, to which the
update result in the vertical synchronization period of the
N-th frame period has been reflected, are written for the first
to sixth rows, while data voltages, to which the update result
in the vertical synchronization periods of the (N-1)-th or
earlier frame periods has been reflected, are written for the
seventh to 1080th rows. Since the operation in the (N+1)-th
frame period is basically similar to that in the N-th frame
period, its description will be omitted.

[0317] As described above, in the present embodiment, 7H
periods are allocated for one row, and the threshold voltage
correction data Vt(i,j) and the gain cortection data B2R(i,))
are updated. Further, the first and second measurement data
Im(i,j.P1), Im(i,j,P2) are sent in periods immediately after
completion of the selection periods in which the first and
second measurement data Im(i,j,P1), Im(i,j,P2) are acquired.
[0318] Theoperation ofthe scanning drive portion 70 in the
present embodiment is achieved, for example, by using the
second clock which generates six pulses on the “1” level with
the 7H periods taken as a cycle in the vertical synchronization
period, and the second enable signal MOE which changes to
the “1” level simultaneously with falling of the second clock
and changes to the “0” level SH periods thereafter.

[0319] <4.2 Effect>

[0320] According to the present embodiment, in periods
immediately after completion of the selection periods in
which the first and second measurement data Im(i,j,P1), Im(i,
J,P2) are acquired, the first and second measurement data
Im(i,j.P1), Im(i.j,P2) are sent to the controller 10. Hence it is
possible to sufficiently ensure preparation time before send-
ing the first and second measurement data Im(i,j,P1), Im(i,j,
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P2), so as to reliably send the first and second measurement
data Im(i,j,P1), Im(1,j,P2) to the controller 10.

[0321] Moreover, according to the present embodiment, in
the first and second current measurement periods A2, the first
and second measuring video data Vm(i,1,P1), Vm(i,1,P2) are
sent to the data driver 600. and given to the DAC 660. Accord-
ingly, the D latch 680 is not used, and when the first or second
measurement data Im(i,j,P1) or Im(i,j,P2) is to be acquired,
the first or second drive currents Im(i,j,P1) or Im(i,j,P2) can
be measured at high speed without changing the potential of
the data/measurement line DAME] (without bringing about
charge/discharge).

5. Fifth Embodiment

[0322] <5.1 Data Update>

[0323] FIG. 45 is a timing chart for explaining timing for
receiving video data and sending measurement data in the
vertical synchronization period of the N-th frame period in a
fifth embodiment of the present invention. Out of the consti-
tutional elements of the present embodiment, the same ele-
ments as those in the above first embodiment are provided
with the same reference numerals, to omit descriptions
thereof as appropriate. In the present embodiment, assuming
p=6, and a 1H-period margin and a 2H-period margin are
provided on the start side and the end side of the vertical
synchronization period (45H periods), respectively. Further,
in the present embodiment, a measurement data sending
period of 12H periods is provided after completion of the
selection period for the sixth row. It is to be noted that the
operation of a scanning drive portion 70 in the embodiment is
similar to that in the above first embodiment.

[0324] After the period type signal V is switched to the “1”
level, the vertical synchronization period starts, and after the
1H-period margin, the scanning line DM1 on the first row is
selected for SH periods. In these SH periods, similarly to the
above first embodiment, the first measuring gradation pro-
gram period A1, the first current measurement period A2, the
second measuring gradation program period Al, the second
current measurement period A2 and the desired gradation
program period A3 for the first row are sequentially switched
every 1H period.

[0325] In the first measuring gradation program period Al
for the first row, the first measuring video data Vm(i,1,P1) is
sent from the controller 10 to the data driver 600 via the
bidirectional communication bus, and the first measuring data
voltage Vm(i,1,P1) is written.

[0326] In the first current measurement period A2 for the
first row, the first measurement data Im(i,1,P1) is acquired.
[0327] In the second measuring gradation program period
A1 for the first row, the second measuring video data Vm(i,
1,P2) is sent from the controller 10 to the data driver 600 via
the bidirectional communication bus, and the second measutr-
ing data voltage Vm(i,1,P2) is written. In the second current
measurement period A2 for the first row, the second measure-
ment data Im(i,1,P2) is acquired.

[0328] In the desired gradation program period A3 for the
first row, the video data Vm(i,1,P) is sent from the controller
10 to the data driver 600 via the bidirectional communication
bus, and the data voltage Vm(i,1,P) is written.

[0329] Subsequently, the scanning lines DM2 to DM6 on
the second to sixth rows are sequentially selected, whereby an
operation similar to that on the first row is performed on each
of the second to sixth rows. After completion of the selection
period for the sixth row, in the measurement data sending
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period of 12H periods, the first and second measurement data
on the first to sixth rows are sent to the controller 10 via the
bidirectional communication bus. It should be noted that,
although the send sequence of measurement data is not par-
ticularly restricted, it is assumed, for example, that the send-
ing is performed in the sequence of Im(3,1,P1), Im(i,1,P2) on
the first row, Im(i.2,P1), Im(i,2,P2) on the second row, . . .,
and Im(1,6.P1), Im(i.6,P2) on the sixth row. In this measure-
ment data sending period, in the controller 10, there are per-
formed an update of the threshold voltage correction data
Vt(i,j) based on the received first measurement data Im(i.j,P1)
and an update of the gain correction data B2R(i,j) based on the
received second measurement data Im(i,j,P2) with respect to
each of the first to sixth rows. After the measurement data
sending period and after a lapse of the margin of 2H periods,
the period type signal V is switched to the “0” level, and the
vertical synchronization period is completed.

[0330] The video signal period of the (N+1)-th frame
period is started, and data voltages, to which the update result
in the vertical synchronization period of the N-th frame
period has been reflected, are written for the first to sixth
rows, while data voltages, to which the update result in the
vertical synchronization periods of the (N-1)-th or earlier
frame periods has been reflected, are written for the seventh to
1080th rows. Since the operation in the (N+1)-th frame period
is basically similar to that in the N-th frame period, its
description will be omitted.

[0331] Inthe present embodiment, 7H periods (SH periods
of each selection period and 2H periods out of the measure-
ment data sending period) are allocated for one row, and the
threshold voltage correction data Vt(i,j) and the gain correc-
tion data B2R(i,j) are updated. Further, the acquired first and
second measurement data Im(i,j,P1), Im(i,j,P2) on each row
are sent collectively in the measurement data sending period.

[0332] <5.2 Effect>

[0333] According to the present embodiment, in the mea-
surement data sending period provided after completion of all
the selection periods of the vertical synchronization period,
the first and second measurement data Im(i,},P1), Im(i.,j,P2)
on each row acquired in the vertical synchronization period
are sent to the controller 10. Hence it is possible to sufficiently
ensure preparation time before sending the first and second
measurement data Im(i,j,P1), Im(i,j,P2), so as to reliably send
the first and second measurement data Im(i,j,P1), Im(i,j,P2) to
the controller 10.

6. Sixth Embodiment

[0334]

[0335] FIG. 46 is a circuit diagram showing a pixel circuit
51 in a sixth embodiment of the present invention and part of
constitutional elements on a data driver 600 side which cor-
respond thereto. Out of the constitutional elements of the
present embodiment, the same elements as those in the above
first embodiment are provided with the same reference
numerals, to omit descriptions thereof as appropriate. The
pixel circuit 51 in the present embodiment is provided with
one organic EL element OLED, four transistors T1 to T4, and
one capacitor (drive capacitance element) C1. The transistor
T1 is a drive transistor, the transistor T2 is a reference voltage
supply transistor, the transistor T3 is an input transistor, and
the transistor T4 is a light emission control transistor. The
transistors T1 to T4 are all n-channel types. The pixel circuit

<6.1 Pixel Circuit>
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51 in the present embodiment is one obtained by adding the
transistor T4 to the pixel circuit 51 in the above first embodi-
ment.

[0336] Inthedisplay portion 50 in the present embodiment,
there are disposed n emission lines EM1 to EMn along the n
scanning lines DM1 to DMn, respectively. Hereinafter, when
it is not necessary to distinguish the n emission lines EM1 to
EMn, these are simply denoted by a symbol EM.

[0337] The transistor T1 is provided in series with the
organic EL element OLED, and has, as a second conduction
terminal, a source terminal connected to an anode terminal of
the organic EL element OLED. The transistor T2 has a gate
terminal connected to a scanning line DMj, and is provided
between a reference voltage line Vref and a gate terminal of
the transistor T1. The transistor T3 has a gate terminal con-
nected to the scanning line DMj, and is provided between the
data/measurement line DAME:i and the source terminal of the
transistor T1. The transistor T4 is provided in series with the
organic EL element OLED. The transistor T4 has a gate
terminal connected to an emission line EMj, and is provided
between the drain terminal, as a first conduction terminal, of
the transistor T1 and a high level power supply line ELVDD.
The transistor T4 in the present embodiment at least comes
into the off-state when the scanning line DM corresponding to
the pixel circuit 51 provided with the transistor T4 is selected
in the video signal period, and the transistor T4 at least comes
into the on-state when the scanning line DM corresponding to
the pixel circuit 51 provided with the transistor T4 is selected
in the vertical synchronization period. The capacitor C1 is
provided between the gate terminal and the source terminal of
the transistor T1. A cathode terminal of the organic EL ele-
ment OLED is connected to a low level power supply line
ELVSS.

[0338] <6.2 Operation in Video Signal Period>

[0339] FIG. 47 is atiming chart for explaining operations of
the pixel circuit 51 and part of constitutional elements on the
data driver 600 side which correspond thereto, both shown in
FIG. 46, in the video signal period. In the present embodi-
ment, the desired gradation program period A3 spans from
time 12 to time 3.

[0340] Before time t1, the potential of the scanning line
DV, is on the “0” level, and the potential of the emission line
EMj is onthe “1” level. At this time, the transistor T4 is in the
on-state, and the drain terminal of the transistor T1 and the
high level power supply line ELVDD are electrically con-
nected to each other, whereby an electric charge is supplied
from the high level power supply line ELVDD to the drain
terminal of the transistor T1. Further, the transistors T2, T3
are in the off-state, and the transistor T1 supplies the organic
EL element OLED with the light emission drive current Ioled
in accordance with the gate-source voltage Vgs held in the
capacitor C1. Then, the organic EL element OLED emits light
with luminance in accordance with the light emission drive
current loled. It is to be noted that in the present embodiment,
light emission of the organic EL element OLED is stopped by
fixing the potential of the emission line EMj to the “0” level in
a predetermined video signal period, and the organic EL
element OLED is emitted by fixing the potential of the emis-
sion line EMj to the “1” level in a predetermined video signal
period (detailed later).

[0341] At time t1, the potential of the emission line EMj
changes to the “0” level, and the transistor T4 is turned off.
Accordingly, the drain terminal of the transistor T1 and the
high level power supply line ELVDD are electrically sepa-
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rated from each other, and the supply of the electric charge
from the high level power supply line ELVDD to the drain
terminal of the transistor T1 is stopped. For this reason, the
light emission drive current Ioled becomes zero, and the light
emission of the organic EL element OLED is stopped.
[0342] From time t2, the data voltage Vm(i,j,P) is supplied
to the data/measurement line DAMEI via the operational
amplifier 731. Further, the potential of the scanning line DMj
changes to the “1” level, and the transistors T2, T3 are turned
on. Thereby, similarly to the above first embodiment, the
capacitor C1 is charged to the gate-source voltage Vigs given
by the above expression (1) in the desired gradation program
period A3 from time 12 to time 3. It should be noted that in the
vertical synchronization period in the present embodiment,
the transistor T4 comes into the on-state in the pixel circuit
corresponding to the selected scanning line DM as described
above, and hence the data voltage Vm(i,j.P) desirably satisfies
the above expression (2).

[0343] At time t3, the potential of the scanning line DMj
changes to the “0” level, and the transistors T2, T3 are turned
off. For this reason, a holding voltage of the capacitor C1 is
determined to be the gate-source voltage Vgs shown in the
above expression (1).

[0344] At time 4, the potential of the emission line EMj
changes to the “1” level, and the transistor T4 is turned on.
Accordingly, the drain terminal of the transistor T1 and the
high level power supply line ELVDD are electrically con-
nected to each other, and the electric charge is supplied from
the high level power supply line ELVDD to the drain terminal
of the transistor T1. Thereby, the light emission drive current
loled given by the above expression (3) flows through the
organic EL element OLED.

[0345] <6.3 Operation in Vertical Synchronization Period>
[0346] FIG. 48 is a timing chart for explaining operations of
the pixel circuit 51 and part of constitutional elements on the
data driver 600 side which correspond thereto, both shown in
FIG. 46, in the vertical synchronization period. In the present
embodiment, the first measuring gradation program period
Al spans from time t1 to time t2, the first current measure-
ment period A2 spans from time t2 to time t3, the second
measuring gradation program period Al spans from time t3 to
time 4, the second current measurement period A2 spans
from time t4 to time t5, and the desired gradation program
period A3 spans from time t5 to time t6. In the present
embodiment, for example, the potential of the emission line
EMj is fixed to the “1” level in the vertical synchronization
period (except for later-mentioned first and third vertical syn-
chronization periods). However, since the data voltage Vm(i,
J.P)is set to a value that satisfies the above expression (2), the
light emission drive current Ioled does not flow during the
selection period for the scanning line DM;. It is to be noted
that the operations in the first measuring gradation program
period A1, the first current measurement period A2, the sec-
ond measuring gradation program period A1, the second cur-
rent measurement period A2 and the desired gradation pro-
gram period A3 are similar to those in the above first
embodiment, and hence descriptions thereof will be omitted.
[0347] <6.4 Operation in Each Frame Period>

[0348] FIG. 49 is a diagram for explaining an operation in
each frame period in the present embodiment. An organic EL
display device 1 according to the present embodiment dis-
plays a 3D moving image by drive of 240 Hz by sequentially
displaying a left eye image L and a right eye image R with
four frame periods taken as a cycle. Further, the potential of
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each emission line EM switches between the “0” level and the
“1” level every one frame period. Hereinafter, a video signal
period and a vertical synchronization period in the first frame
period of the four frame periods are referred to as a “first
video signal period” and a “first vertical synchronization
period”, respectively, a video signal period and a vertical
synchronization period in the second frame period are
referred to as a “second video signal period” and a “second
vertical synchronization period”, respectively, a video signal
period and a vertical synchronization period in the third frame
period are referred to as a “third video signal period” and a
“third vertical synchronization period”, respectively, and a
video signal period and a vertical synchronization period in
the fourth frame period are referred to as a “fourth video
signal period” and a “fourth vertical synchronization period”,
respectively.

[0349] In the first frame period, the potential of each emis-
sion line EM goes to the “0” level. In the first video signal
period, the data voltage Vm corresponding to the left eye
image L is written into each pixel circuit 51. Since the poten-
tial of each emission line EM is on the “0” level, light emis-
sion of the organic EL element OLED of each pixel circuit 51
has been stopped. Hence the left eye image I is not displayed.
In the first vertical synchronization period, the first and sec-
ond measurement data are not acquired and the correction
data is not updated.

[0350] In the second frame period, the potential of each
emission line EM goes to the “1” level. In the second video
signal period, the data voltage Vm is not written, and since the
potential of each emission line EM is on the “1” level, the left
eyeimage L is displayed based on the data voltage Vm written
in the first video signal period. In the second vertical synchro-
nization period, the first and second measurement data are
acquired and the correction data is updated for the first to p-th
rows.

[0351] Inthe third frame period, the potential of each emis-
sion line EM goes to the “0” level. In the third video signal
period, the data voltage Vm corresponding to the right eye
image R is written into each pixel circuit 51. Since the poten-
tial of each emission line EM is on the “0” level, light emis-
sion of the organic EL element OLED of each pixel circuit 51
has been stopped. Hence the right eye image R is not dis-
played. In the third vertical synchronization period, the first
and second measurement data are not acquired and the cor-
rection data is not updated.

[0352] In the fourth frame period, the potential of each
emission line EM goes to the “1” level. In the fourth video
signal period, the data voltage Vm is not written, and since the
potential of each emission line EM is on the “1” level, the
right eye image R is displayed based on the data voltage Vm
written in the third video signal period. In the fourth frame
period, the first and second measurement data are acquired
and the correction data is updated for the (p+1)-th to 2p-th
rows.

[0353] In such a manner as above, in the present embodi-
ment, the video signal period for actually writing the data
voltage Vm (first video signal period or third video signal
period), and the vertical synchronization period for actually
acquiring the first and second measurement data and updating
the correction data (second vertical synchronization period or
fourth vertical synchronization period) are alternately
repeated.

[0354] <6.5 Effect>

[0355] According to the present embodiment, it is possible
to exert an effect similar to that of the above first embodiment
in the organic EL display device 1 provided with the pixel
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circuit 51 configured of one organic EL element OLED, four
n-channel transistors T1 to T4 and one capacitor C1.

[0356] Further, according to the present embodiment,
while light emission/non-emission of the organic EL element
OLED is controlled by the emission line EM and the transis-
tor T4, the video signal period for actually writing the data
voltage Vm (first video signal period or third video signal
period), and the vertical synchronization period for actually
acquiring the first and second measurement data and updating
the correction data (second vertical synchronization period or
fourth vertical synchronization period) are alternately
repeated. Accordingly, it is possible to acquire the first and
second measurement data and update the correction data,
while performing 3D moving image display.

7. Seventh Embodiment

[0357] <7.1 Pixel Circuit>

[0358] FIG. 50 is a circuit diagram showing a pixel circuit
51 in a seventh embodiment of the present invention and part
of constitutional elements on the data driver 600 side which
correspond thereto. Out of the constitutional elements of the
present embodiment, the same elements as those in the above
first and sixth embodiments are provided with the same ref-
erence numerals, to omit descriptions thereof as appropriate.
The pixel circuit 51 in the present embodiment is one
obtained by changing the position of the transistor T4 in the
pixel circuit 51 in the above sixth embodiment. Similarly to
the above sixth embodiment, there are disposed n emission
lines EM1 to EMn in the display portion 50.

[0359] A gate terminal of the transistor T4 in the present
embodiment is connected to the scanning line DMj, and the
transistor T4 is provided between the source terminal of the
transistor T1 and the anode terminal of the organic EL ele-
ment OLED. The transistor T4 at least comes into the off-state
in the selection period for selecting the scanning line DM
corresponding to the pixel circuit 51 provided with the tran-
sistor T4. It is to be noted that the drain terminal of the
transistor T1 is connected to the high level power supply line
ELVDD. Hereinafter, in a description of the present embodi-
ment, a connection point of the source terminal of the tran-
sistor T1, one end of the capacitor C1 which is located on the
source terminal side of the transistor T1, a conduction termi-
nal of the transistor T3 which is located on the source terminal
side of the transistor T1 and a conduction terminal of the
transistor T4 which is located on the source terminal side of
the transistor T1 is referred to as a “first node N1” for the sake
of convenience. Further, a connection point of the anode
terminal of the organic EL element OLED and the conduction
terminal of the transistor T4 which is located on the anode
terminal side of the organic EL element OLED is referred to
as a “second node N2” for the sake of convenience. Moreover,
in describing an operation in the video signal period concern-
ing the present embodiment, a parasitic capacitance Cel
formed between the anode terminal and the cathode terminal
of the organic EL element OLED is considered.

[0360] <7.2 Operation in Video Signal Period>

[0361] FIG. 51 isatiming chart for explaining operations of
the pixel circuit 51 and part of constitutional elements on the
data driver 600 side which correspond thereto, both shown in
FIG. 50, in the video signal period. In the present embodi-
ment, the desired gradation program period A3 spans from
time t2 to time t3.

[0362] Before time t1, the potential of the scanning line
DM,; is on the “0” level, and the potential of the emission line
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EM;j is on the “1” level. The transistors T2, T3 are in the
off-state, and the drive current Im(i,j,P) in accordance with
the gate-source voltage Vgs held in the capacitor C1 flows
through the transistor T1. Further, the transistor T4 is in the
on-state, and the anode terminal of the organic EL element
OLED and the source terminal of the transistor T1 are elec-
trically connected to each other. Therefore, the drive current
Im(i,j,P), which flows through the transistor T1, flows as the
light emission drive current loled through the organic EL
element OLED. Then, the organic EL element OLED emits
light with luminance in accordance with the light emission
drive current loled.

[0363] At time t1, the potential of the emission line EMj
changes to the “0” level, and the transistor T4 is turned off.
Accordingly, the anode terminal of the organic EL element
OLED and the source terminal of the transistor T1 are elec-
trically separated from each other, and the light emission
drive current Ioled becomes zero. Thereby, light emission of
the organic EL element OLED is stopped. Further, since the
first node N1 and the second node N2 are electrically sepa-
rated from each other, a potential of the second node N2
becomes Vtholed in accordance with a holding voltage of the
parasitic capacitance Cel.

[0364] From time t2, the data voltage Vm(i,j,P) is supplied
to the data/measurement line DAME] via the operational
amplifier 731. Further, the potential of the scanning line DMj
changes to the “1” level, and the transistors T2, T3 are turned
on. Thereby, similarly to the above first embodiment, the
capacitor C1 is charged to the gate-source voltage Vgs given
by the above expression (1) in the desired gradation program
period A3 from time t2 to time t3. It is to be noted that in the
present embodiment, light emission/non-emission of the
organic EL, element OLED is controlled by controlling the
connection between the anode terminal of the organic EL
element OLED and the source terminal of the transistor T1 by
use of the emission line EMj and the transistor T4, whereby it
is not necessary to set the data voltage Vmn(i,j,P) which is
shown in the above expression (2).

[0365] At time t3, the potential of the scanning line DM
changes to the “0” level, and the transistors T2, T3 are turned
off. For this reason, a holding voltage of the capacitor C1 is
determined to be the gate-source voltage Vgs shown in the
above expression (1).

[0366] At time t4, the potential of the emission line EMj
changes to the “1” level, and the transistor T4 is turned on.
Accordingly, the anode terminal of the organic EL element
OLED and the source terminal of the transistor T1 are elec-
trically connected to each other, and the light emission drive
current loled given by the above expression (3) flows through
the organic EL element OLED. At this time, since the first
node N1 and the second node N2 are connected to each other,
the respective potentials of those become the same.

[0367] Incidentally, the parasitic capacitance Cel affects a
charging speed of the first node N1 to the data voltage Vm. For
example, in the present embodiment, at the time of writing the
data voltage Vm into the first node N1, when the parasitic
capacitance Cel is connected to the first node N1, the parasitic
capacitance Cel functions as a load capacitance, to cause a
delay in charging the first node N1 to the data voltage V.
This makes a charged amount of the first node N1 becomes
short. However, in the present embodiment, the transistor T4
is in the off-state at the time of writing the data voltage Vm,
and hence the first node N1 and the parasitic capacitance Cel
are electrically separated from each other. This can solve
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insufficient charging of the first node N1. It should be noted
that such a description of suppression of the insufficient
charging as above can be similarly made also for the vertical
synchronization period.

[0368] <7.3 Operation in Vertical Synchronization Period>
[0369] FIG. 52 is a timing chart for explaining operations of
the pixel circuit 51 and part of constitutional elements on the
data driver 600 side which correspond thereto, both shown in
FIG. 50, in the vertical synchronization period. In the present
embodiment, the first measuring gradation program period
Al spans from time t2 to time t3, the first current measure-
ment period A2 spans from time t3 to time t4, the second
measuring gradation program period Al spans from time t4 to
time t5, the second current measurement period A2 spans
from time t5 to time t6, and the desired gradation program
period A3 spans from time t6 to time t7.

[0370] Beforetimetl, similarly to the case before time t1 in
the video signal period, the organic EL element OLED emits
light with luminance in accordance with the light emission
drive current Ioled. At time t1, similarly to time t1 in the video
signal period, light emission of the organic EL element
OLED is stopped.

[0371] It is to be noted that the operations in the present
embodiment in the first measuring gradation program period
A1, the first current measurement period A2, the second mea-
suring gradation program period A1, the second current mea-
surement period A2 and the desired gradation program period
A3 are basically similar to those in the above first embodi-
ment, and hence descriptions thereof will be omitted.

[0372] At time t8, similarly to time t4 in the video signal
period, the anode terminal of the organic EL element OLED
and the source terminal of the transistor T1 are electrically
connected to each other to flow the light emission drive cur-
rent loled through the organic EL element OLED.

[0373] <74 Effect>

[0374] According to the present embodiment, it is possible
to exert an effect similar to that of the above first embodiment
in the organic EL display device 1 provided with the pixel
circuit 51 configured of one organic EL element OLED, four
n-channel transistors T1 to T4 and one capacitor C1.

[0375] Further, according to the present embodiment, light
emission/non-emission of the organic EL element OLED can
be controlled by controlling the connection between the
anode terminal of the organic EL element OLED and the
source terminal ofthe transistor T1 by use of the emission line
EM;j and the transistor T4.

[0376] Further, in the present embodiment, since the tran-
sistor T4 comes into the off-state at the time of writing the
data voltage Vm into the first node N1 (when the scanning line
DM is selected), the first node N1 and the parasitic capaci-
tance Cel are electrically separated from each other. This can
solve insufficient charging of the first node N1. Hence it is
possible to reduce a driving capability required for the tran-
sistor T3 that supplies the data voltage Vm, so as to reduce the
size of the transistor T3.

8. Eighth Embodiment

8.1 Pixel Circuit

[0377] FIG. 53 is a circuit diagram showing a pixel circuit
in an eighth embodiment of the present invention and part of
constitutional elements on the data driver 600 side which
correspond thereto. Out of the constitutional elements of the
present embodiment, the same elements as those in the above
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first, sixth and seventh embodiments are provided with the
same reference numerals, to omit descriptions thereof as
appropriate. The pixel circuit 51 in the present embodiment is
provided with one organic EL element OLED, four transis-
tors T1, T3 to T5, and one capacitor (drive capacitance ele-
ment) Cl1. The transistor T1 is a drive transistor, the transistor
T3 is an input transistor, the transistor T4 is a light emission
control transistor, and the transistor T5 is a current path for-
mation transistor. The transistors T1, T3 to T5 are all p-chan-
nel types. Similarly to the above sixth and seventh embodi-
ments, there are disposed n emission lines EM1 to EMn in the
display portion 50. Itis to be noted that the display portion 50
in the present embodiment is not provided with the reference
voltage line Vref.

[0378] The transistor T1 is provided in series with the
organic EL. element OLED, and has, as a first conduction
terminal, a source terminal connected to a high level power
supply line ELVDD. The transistor T3 has a gate terminal
connected to the scanning line DMj, and is provided between
the data/measurement line DAMFEi and the gate terminal of
the transistor T1. The transistor T4 is provided in series with
the organic EL element OLED. The transistor T4 has a gate
terminal connected to the emission line EM], and is provided
between the drain terminal, as a second conduction terminal,
of the transistor T1 and an anode terminal of the organic EL
element OLED. The transistor T4 at least comes into the
off-state in the selection period for selecting the scanning line
DM corresponding to the pixel circuit 51 provided with the
transistor T4. A gate terminal of the transistor T5 1s connected
to the scanning line DMj, and the transistor T5 is provided
between the gate terminal and the drain terminal of the tran-
sistor T1. The capacitor C1 is provided between the gate
terminal and the source terminal of the transistor T1. A cath-
odeterminal of the organic EL element OLED is connected to
a low level power supply line ELVSS.

[0379]

[0380] FIG.54 is atiming chart for explaining operations of
the pixel circuit 51 and part of constitutional elements on the
data driver 600 side which correspond thereto, both shown in
FIG. 53, in the video signal period. In the present embodi-
ment, since the transistors T3, T5 with gate terminals thereof
connected to the scanning line DMj are p-channel types,
differently from the above first embodiment, when the poten-
tial of the scanning line DMj is on the “0” level, the scanning
line DM is in the selected state, and when the potential of the
scanning line DMj is on the “1” level, the scanning line DMj
is in the non-selected state. In the present embodiment, the
desired gradation program period A3 spans from time t2 to
time t3.

[0381] Before time t1, a potential of the scanning line DMj
is on the “1” level, and a potential of the emission line EMj is
on the “0” level. At this time, the transistors T3, T5 are in the
off-state, and the drive current Im(i,},P) in accordance with
the gate-source voltage Vgs held in the capacitor C1 flows
through the transistor T1. Further, the transistor T4 is in the
on-state, and the anode terminal of the organic EL element
OLED and the drain terminal of the transistor T1 are electri-
cally connected to each other. Therefore, the drive current
Im(i,j,P), which is made to flow by the transistor T1, flows as
the light emission drive current Ioled through the organic EL
element OLED. Then, the organic EL element OLED emits
light with luminance in accordance with the light emission
drive current Ioled.

<8.2 Operation in Video Signal Period>
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[0382] At time t1, the potential of the emission line EMj
changes to the “1” level, and the transistor T4 is turned off.
Accordingly, the anode terminal of the organic EL element
OLED and the drain terminal of the transistor T1 are electri-
cally separated from each other, and the light emission drive
current loled becomes zero. Thereby, light emission of the
organic EL element OLED is stopped.

[0383] From time t2, the data voltage Vm(i,j,P) is supplied
to the data/measurement line DAMEi via the operational
amplifier 731. Further, the potential of the scanning line DMj
changes to the “0” level, and the transistors T3, T5 are turned
on. Therefore, the data voltage Vm(i,},P) is given to one end of
the capacitor C1 (the gate terminal side of the transistor T1)
via the data/measurement line DAME:i and the transistor T3.
It is to be noted that the high level power supply voltage
ELVDD is constantly given to the other end of the capacitor
C1 (the source terminal side of the transistor T1). Thereby, the
capacitor C1 is charged to the gate-source voltage Vgs given
by the next expression (29) in the desired gradation program
period A3 from time t2 to time t3.

Vgs=ELVDD-Vm(i,j.P) (29

[0384] Itisto benoted that in the present embodiment, light
emission/non-emission of the organic EL element OLED is
controlled by controlling the connection between the anode
terminal of the organic EL element OLED and the drain
terminal of the transistor T1 by use of the emission line EMj
and the transistor T4, whereby it is not necessary to set the
data voltage Vm(i,j,P) which is shown in the above expression
(2). Further, also in the present embodiment, similarly to the
above seventh embodiment, the transistor T4 comes into the
off-state at the time of writing the data voltage Vm, thereby
solving insufficient charging of the gate terminal of the tran-
sistor T1 (corresponding to the first node N1 in the above
seventh embodiment) due to the parasitic capacitance Cel.
[0385] At time t3, the potential of the scanning line DMj
changes to the “1” level, and the transistors T3, T5 are turned
off. For this reason, a holding voltage of the capacitor C1 is
determined to be the gate-source voltage Vgs shown in the
above expression (29).

[0386] At time t4, the potential of the emission line EM;
changes to the “0” level, and the transistor T4 is turned on.
Accordingly, the anode terminal of the organic EL, element
OLED and the drain terminal of the transistor T1 are electri-
cally connected to each other, and the light emission drive
current loled given by the next expression (30) flows through
the organic EL element OLED.

Joled = (8/2) = (Vgs — Vi)? (30

= (B/2)+(ELVDD - Vm(i, j, P) - V1}

The expression (30) is one obtained by replacing the refer-
ence voltage Vref in the above expression (3) with the high
level power supply voltage ELVDD. Itis found therefrom that
replacing the reference voltage Vref with the high level power
supply voltage ELVDD allows for correction of the video data
Vm(i,j,P) by the controller 10 in the present embodiment in a
procedure similar to that in the above first embodiment.

[0387] <8.3 Operation in Vertical Synchronization Period>
[0388] FIG. 55 is a timing chart for explaining operations of
the pixel circuit 51 and part of constitutional elements on the
data driver 600 side which correspond thereto, both shown in
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FIG. 53, in the vertical synchronization period. In the present
embodiment, the first measuring gradation program period
Al spans from time t2 to time t3, the first current measure-
ment period A2 spans from time t3 to time t4, the second
measuring gradation program period A1 spans from time t4 to
time t5, the second current measurement period A2 spans
from time t5 to time t6, and the desired gradation program
period A3 spans from time t6 to time t7.

[0389] Before time t1, similarly to the case before time t1 in
the video signal period, the organic EL element OLED emits
light with luminance in accordance with the light emission
drive current Ioled. At time t1, similarly to time t1 in the video
signal period, light emission of the organic EL element
OLED is stopped.

[0390] At time t2, the potential of the scanning line DMj
changes to the “0” level, and the transistors T3, T5 are turned
on. Further, the input/output control signal DWT changes to
the “1” level, and the control switch SW is closed. Moreover,
the first measuring data voltage Vm(i,j,P1) is inputted into the
non-inverting input terminal of the operational amplifier 731.
Accordingly, in a procedure similar to that in the desired
gradation program period A3, the capacitor C1 is charged to
the gate-source voltage Vgs given by the next expression (31)
in the first measuring gradation program period A1 from time
12 to time 3.

Vgs=ELVDD-Vm(i,j.P1) (€3]

[0391] At time t3, the input/output control signal DWT
changes to the “0” level, and the control switch SW is opened.
Further, similarly to time t1, the first measuring data voltage
Vm(i,j,P1)is inputted into the non-inverting input terminal of
the operational amplifier 731, and hence the potential of the
inverting input terminal is also the first measuring data volt-
age Vm(i,j,P1) due to a virtual short circuit. In the first current
measurement period A2 from time t3 to time t4, a current path
of the first drive current Im(i,j,P1) via the transistors T5, T3 is
formed, and the first drive current Im(i,j,P1) is outputted from
the pixel circuit 51 to the data/measurement line DAME:.
Thus, with the transistors T5, T3 functioning together, when
they are in the on-state, it is possible to output the first drive
current Im(i,j,P1) to the data/measurement line DAME] (the
same applies to the second drive current Im(i,j,P2)). Since the
measurement procedure for the first drive current Im(i,j,P1)
outputted to the data/measurement line DAMEi is as
described above, its description will be omitted here.

[0392] The operation in the second measuring gradation
program period Al from time t4 to time 15 is one obtained
only by changing, to the second gradation P2, the first grada-
tion P1 in the operation in the first measuring gradation pro-
gram period A1 from time t2 to time t3, and hence its detailed
description will be omitted. The operation in the second cur-
rent measurement period A2 from time t5 to time 6 is one
obtained only by changing, to the second gradation P2, the
first gradation P1 in the operation in the first current measure-
ment period A2 from time t3 to time t4, and hence its detailed
description will be omitted. The operation in the desired
gradation program period A3 from time t6 to time t7 is similar
to that in the video signal period, and hence its detailed
description will be omitted. The operations at time t7, t8 are
similar to those at time t3, t4 in the video signal period,
respectively, and hence detailed descriptions thereof will be
omitted.

[0393] <8.4 Effect>

[0394] According to the present embodiment, it is possible
to exert an effect similar to those in the above first and seventh
embodiments in the organic EL display device 1 provided
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with the pixel circuit 51 configured of one organic EL element
OLED, four p-channel transistors T1, T3 to T5 and one

capacitor C1.
[0395] <9. Others>
[0396] The organic EL display device 1, to which the

present invention is applicable, is not restricted to one pro-
vided with the pixel circuit 51 illustrated in each embodiment.
The pixel circuit 51 may at least include an electro-optic
element (organic EL element OLED) controlled by a current,
the transistors T1, T3 and the capacitor C1.

[0397] The gain compensation in each of the above
embodiments may be one that at least compensates the mobil-
ity p out of the mobility p, the gate width W, the gate length L,
and the gate insulating film capacitance Cox per unit area of
the transistor T1.

[0398] The send timing for the first and second measure-
ment data Im(i,j,P1), Im(i,j,P2) from the data driver 600 to the
controller 10 is not restricted to the example described in each
of the above embodiments, but a variety of changes can be
made in accordance with a communication status of the bidi-
rectional communication bus or the second unidirectional
communication bus. Other than those, it is possible to imple-
ment each of the above embodiments by making a variety of
changes in a range without departing from the spirit of the
present invention.

INDUSTRIAL APPLICABILITY

[0399] A display device of the present invention has a fea-
ture that allows for both threshold voltage compensation and
gain compensation of a drive transistor with respect to each
pixel circuit while performing display, and hence it is appli-
cable to a display device provided with a pixel circuit includ-
ing an electro-optic element, such as an organic EL display
device.

DESCRIPTION OF REFERENCE CHARACTERS

[0400] 1: ORGANIC EL DISPLAY DEVICE
[0401] 10: CONTROLLER (DISPLAY CONTROL
PORTION)

[0402] 11: FIRSTLUT
[0403] 12: MULTIPLICATION PORTION

[0404] 13: ADDITION PORTION

[0405] 14, 733: SUBTRACTION PORTION

[0406] 15: SECOND LUT

[0407] 16: CPU

[0408] 20: DRAM (STORAGE PORTION)

[0409] 21: GAIN CORRECTION MEMORY

[0410] 22: THRESHOLD VOLTAGE CORRECTION

MEMORY

[0411] 30: FLASH MEMORY

[0412] 40: DISPLAY PANEL

[0413] 50: DISPLAY PORTION

[0414] 51: PIXEL CIRCUIT

[0415] 60: DATA DRIVE PORTION

[0416] 66: DIGITAL-ANALOG CONVERSION POR-
TION

[0417] 67: VOLTAGE OUTPUT/CURRENT MEA-
SUREMENT PORTION

[0418] 70: SCANNING DRIVE PORTION

[0419] 80: COMMUNICATION BUS

[0420] 600: DATA DRIVER

[0421] 610: DATA VOLTAGE SUPPLY PORTION
[0422] 620: CURRENT MEASUREMENT PORTION



US 2015/0213757 Al

[0423] 660: DAC

[0424] 670: VOLTAGE OUTPUT/CURRENT MEA-
SUREMENT CIRCUIT

[0425] 680: D LATCH

[0426] 700: GATE DRIVER

[0427] 731: OPERATIONAL AMPLIFIER

[0428] 732: ADC

[0429] 734: DIVISION PORTION

[0430] 740: MEASUREMENT DATA ACQUIRE-
MENT PORTION

[0431] 750: VOLTAGE HOLDING PORTION

[0432] 760: FIRST SELECTOR

[0433] 770: SECOND SELECTOR

[0434] 780: BUFFER AMPLIFIER

[0435] OLED: ORGANIC EL ELEMENT

[0436] T1 to T5: THIN-FILM TRANSISTOR

[0437] C1: CAPACITOR (DRIVE CAPACITANCE

ELEMENT)

[0438] Cdl, Cd2: FIRST AND SECOND CAPACI-

TORS

[0439] Cel: PARASITIC CAPACITANCE

[0440] VS:VIDEO SIGNAL

[0441] VD:VIDEO DATA

[0442] Vm: DATA VOLTAGE, VIDEO DATA

[0443] Im: DRIVE CURRENT, MEASUREMENT
DATA

[0444] DAME: DATA/MEASUREMENT LINE (DATA
LINE)

[0445] DM: SCANNING LINE

[0446] EM: EMISSION LINE

[0447] DWT: INPUT/OUTPUT CONTROL SIGNAL

1. An active matrix-type display device comprising:

adisplay portion which includes a plurality of data lines, a
plurality of scanning lines, and a plurality of pixel cir-
cuits arranged corresponding to the plurality of data
lines and the plurality of scanning lines;

adata drive portion connected to the plurality of data lines;

ascanning drive portion connected to the plurality of scan-
ning lines;

adisplay control portion which controls the scanning drive
portion and sends, to the data drive portion, video data
that corresponds to either of a plurality of gradations;
and

a storage portion which stores correction data is used for
correcting the video data, wherein each pixel circuit
includes

an electro-optic element controlled by a current,

an input transistor which has a control terminal con-
nected to a corresponding scanning line and is in an
on-state when the scanning line is selected,

a drive capacitance element to which a data voltage
based on the video data is given via a corresponding
data line and the input transistor, and

a drive transistor which controls a drive current to be
supplied to the electro-optic element in accordance
with a voltage held by the drive capacitance element,

the input transistor is, when being in the on-state, capable
of outputting to the data line the drive current flowing
through the drive transistor,

the scanning drive portion alternately repeats a first period
for writing the data voltage into the pixel circuit by
sequentially selecting the plurality of scanning lines and

a second period for outputting, from the pixel circuit to

the data line via the input transistor, the drive current

flowing through the drive transistor by sequentially
selecting a predetermined number of scanning lines out
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of the plurality of scanning lines, and shifts the prede-
termined number of scanning lines to be selected in each
of the second periods,
the data drive portion includes
a current measurement portion which measures a drive
current in accordance with a data voltage based on
video data corresponding to a relatively low first gra-
dation out of the plurality of gradations to acquire first
measurement data, and measures a drive current in
accordance with a data voltage based on video data
corresponding to a relatively high second gradation
out of the plurality of gradations to acquire second
measurement data, with respect to each of the data
lines in the second period, and
a data voltage supply portion which supplies the data
voltage to the data line in the first period and the
second period,
the display control portion corrects the video data based on
the first measurement data and the second measurement
data acquired by the current measurement portion,
the current measurement portion sends the first measure-
ment data and the second measurement data to the dis-
play control portion in the second period,
the display control portion, in the second period, sends
video data corresponding to the respective first gradation
and second gradation to the data drive portion and
receives the first measurement data and the second mea-
surement data from the current measurement portion, to
update the correction data based on results of respective
comparisons of ideal characteristic data indicating ideal
characteristics of the drive transistor which correspond
to the first gradation and the second gradation, with the
received first measurement data and second measure-
ment data,
the display control portion, in the first period and the sec-
ond period, reads the correction data from the storage
portion to correct the video data based on the correction
data,
the display control portion supplies the data drive portion
with an input/output control signal, which goes to a first
level at the time when the data voltage is to be written
into the pixel circuit and which goes to a second level at
the time when the drive current is to be outputted to the
data line,
the data voltage supply portion includes a conversion por-
tion which converts the video data to the data voltage,
the data voltage supply portion and the current measure-
ment portion each include in common,
an operational amplifier having a non-inverting input ter-
minal connected to an output terminal of the conversion
portion and an inverting input terminal connected to a
corresponding data line, and
a control switch which is provided between the inverting
input terminal and an output terminal of the operational
amplifier, and which is closed at the time of the input/
output control signal being on the first level and is
opened at the time of the input/output control signal
being on the second level,
the current measurement portion includes
a current/voltage conversion element provided between
the inverting input terminal and the output terminal of
the operational amplifier in parallel to the control
switch, and
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a measurement data acquirement portion which is con-
nected to the output terminal of the operational ampli-
fier and acquires the first measurement data or the
second measurement data from an output of the
operational amplifier, and

a data voltage, obtained by converting video data that cor-

responds to the first gradation or the second gradation, is

inputted into the non-inverting input terminal of the
operational amplifier when the input/output control sig-
nal is on the second level.

2. (canceled)

3. The display device according to claim 1, wherein

the correction data includes first correction data for thresh-

old voltage compensation of the drive transistor and

second correction data for gain compensation of the
drive transistor, and

the display control portion updates the first correction data

based on the comparison result between the first mea-
surement data and the ideal characteristic data, and
updates the second correction data based on the com-
parison result between the second measurement data and
the ideal characteristic data.

4. The display device according to claim 3, wherein the
display control portion changes respective values of the first
correction data and the second correction data only by previ-
ously set fixed values when the respective first correction data
and second correction data are to be updated.

5. (canceled)

6. The display device according to claim 1, wherein the
current/voltage conversion element is a resistance element.

7. The display device according to claim 1, wherein the
current/voltage conversion element is a capacitance element.

8. The display device according to claim 1, wherein the
current measurement portion further includes a voltage hold-
ing portion which is provided between the operational ampli-
fier and the measurement data acquirement portion to hold an
output voltage of the operational amplifier.

9. The display device according to claim 1, wherein the
measurement data acquirement portion acquires the first mea-
surement data or the second measurement data based on at
least an output voltage of the operational amplifier and the
video data.

10. The display device according to claim 9, wherein

the current measurement portion further includes a first

selector and a second selector provided in common with

respect to a predetermined number, being two or more,
of the operational amplifiers,

the first selector receives output voltages of the predeter-

mined number of operational amplifiers, and gives any

of the received output voltages of the operational ampli-
fiers to the measurement data acquirement portion based
on an address signal received from the outside, and

the second selector receives video data before conversion

of the data voltages that are given to the non-inverting
input terminals of the predetermined number of opera-
tional amplifiers, and gives any of the received video
data to the measurement data acquirement portion based
on the address signal.

11. The display device according to claim 1, wherein

alevel of the input/output control signal changes to the first

level, the second level, the first level, the second level

and the first level sequentially from a start point of a

selection period in which each scanning line is selected

in the second period,
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in three periods in which the input/output control signal is
on the first level in each selection period, the display
control portion sends, to the data voltage supply portion,
video data corresponding to one of the first gradation
and the second gradation, video data corresponding to
the other one of the first gradation and the second gra-
dation, and video data corresponding to either of the
plurality of gradations, respectively, sequentially from
the start point of the selection period, and

in two periods in which the input/output control signal is on
the second level in each selection period, the measure-
ment data acquirement portion acquires the one of the
first measurement data and the second measurement
data and the other of the first measurement data and the
second measurement data, respectively, sequentially
from the start point of the selection period.

12. The display device according to claim 11, wherein the
current measurement portion sends, in two periods in which
the input/output control signal is on the second level in each
selection period, to the display control portion the one of the
first measurement data and the second measurement data and
the other of the first measurement data and the second mea-
surement data, respectively, sequentially from the start point
of the selection period.

13. The display device according to claim 11, wherein the
current measurement portion sends, in a latter period out of
two periods in which the input/output control signal is on the
second level in each selection period, to the display control
portion the one of the first measurement data and the second
measurement data, and sends, in a period immediately after
completion of the selection period, to the display control
portion the other of the first measurement data and the second
measurement data.

14. The display device according to claim 11, wherein the
current measurement portion sends, in a period immediately
after completion of each selection period, to the display con-
trol portion the one of the first measurement data and the
second measurement data and the other of the first measure-
ment data and the second measurement data.

15. The display device according to claim 11, wherein the
current measurement portion sends, in a period after comple-
tion of all selection periods in the second period, to the dis-
play control portion the first measurement data and the sec-
ond measurement data, acquired in each selection period.

16. The display device according to claim 12, wherein the
display control portion and the data drive portion send and
receive the video data, the first measurement data and the
second measurement data to and from each other by use of a
bidirectional communication bus.

17. The display device according to claim 12, wherein the
data voltage supply portion further includes a data latch por-
tion which outputs the video data received from the display
control portion to the conversion portion when the input/
output control signalis onthe first level, and which outputs, to
the conversion portion, video data at the time when the input/
output control signal is on the first level immediately before,
when the input/output control signal is on the second level.

18. The display device according to claim 12, wherein the
display control portion sends, in two periods in which the
input/output control signal is on the second level in each
selection period, to the data voltage supply portion, video data
corresponding to the one of the first gradation and the second
gradation and video data corresponding to the other of the first
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gradation and the second gradation, respectively, sequentially
from the start point of the selection period.
19-21. (canceled)
22. The display device according to claim 1, wherein each
of the drive transistor and the input transistor is a thin-film
transistor whose channel layer is formed of an oxide semi-
conductor.
23. (canceled)
24. The display device according to claim 1, wherein
the scanning drive portion includes
a first shift register for driving the plurality of scanning
lines in the first period,

a second shift register for driving the plurality of scan-
ning lines in the second period, and

a selector group which gives an output of each stage of
the first shift register to a corresponding scanning line
in the first period, and gives an output of each stage of
the second shift register to the corresponding scan-
ning line in the second period.

25. A method for driving an active matrix-type display
device including a display portion which includes a plurality
of data lines, a plurality of scanning lines, and a plurality of
pixel circuits arranged corresponding to the plurality of data
lines and the plurality of scanning lines, a data drive portion
connected to the plurality of data lines, a scanning drive
portion connected to the plurality of scanning lines, and a
display control portion which controls the scanning drive
portion and sends, to the data drive portion, video data that
corresponds to either of a plurality of gradations, the device in
which each pixel circuit includes an electro-optic element
controlled by a current, an input transistor which has a control
terminal connected to a corresponding scanning line and is in
an on-state when the scanning line is selected, a drive capaci-
tance element to which a data voltage based on the video data
is given via a corresponding data line and the input transistor,
and a drive transistor which controls a drive current to be
supplied to the electro-optic element in accordance with a
voltage held by the drive capacitance element, and the input
transistor is, when being in the on-state, capable of outputting
to the data line the drive current flowing through the drive
transistor, the method comprising:

a scanning drive step of alternately repeating a first period
for writing the data voltage into the pixel circuit by
sequentially selecting the plurality of scanning lines and
a second period for outputting, from the pixel circuit to
the data line via the input transistor, the drive current
flowing through the drive transistor by sequentially
selecting a predetermined number of scanning lines out
of the plurality of scanning lines, and shifting the pre-
determined number of scanning lines to be selected in
each of the second periods;

acurrent measurement step of measuring a drive current in
accordance with a data voltage based on video data
corresponding to a relatively low first gradation out of
the plurality of gradations to acquire first measurement
data, and measuring a drive current in accordance with a
data voltage based on video data corresponding to a
relatively high second gradation out of the plurality of
gradations to acquire second measurement data, with
respect to each of the data lines in the second period,
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a data voltage supply step of supplying the data voltage to
the data line in the first period and the second period; and
a correction step of correcting the video data based on the
first measurement data and the second measurement
data acquired in the current measurement step; and
a storing step for storing correction data that is used for
correcting the video data, wherein
in the current measurement step, the first measurement data
and the second measurement data are sent to the correc-
tion step in the second period,
in the correction step, in the second period, video data
corresponding to the respective first gradation and sec-
ond gradation are sent to the current measurement step
and the data voltage supply step and the first measure-
ment data and the second measurement data are received
from the current measurement step, to update the cor-
rection data based on results of respective comparisons
of ideal characteristic data indicating ideal characteris-
tics of the drive transistor which correspond to the first
gradation and the second gradation, with the received
first measurement data and second measurement data,
in the correction step, in the first period and the second
period, the correction data stored in the storing step are
read to correct the video data based on the correction
data,
inthe correction step, the current measurement step and the
data voltage supply step are supplied with an input/
output control signal, which goes to a first level at the
time when the data voltage is to be written into the pixel
circuit and which goes to a second level at the time when
the drive current is to be outputted to the data line,
the data voltage supply step uses a conversion portion
which converts the video data to the data voltage,
the data voltage supply step and the current measurement
step each use in common,
an operational amplifier having a non-inverting input ter-
minal connected to an output terminal of the conversion
portion and an inverting input terminal connected to a
corresponding data line, and
a control switch which is provided between the inverting
input terminal and an output terminal of the operational
amplifier, and which is closed at the time of the input/
output control signal being on the first level and is
opened at the time of the input/output control signal
being on the second level,
the current measurement step uses
a current/voltage conversion element provided between
the inverting input terminal and the output terminal of
the operational amplifier in parallel to the control
switch, and
a measurement data acquirement portion which is con-
nected to the output terminal of the operational ampli-
fier and acquires the first measurement data or the
second measurement data from an output of the
operational amplifier, and
a data voltage, obtained by converting video data that cor-
responds to the first gradation or the second gradation, is
inputted into the non-inverting input terminal of the
operational amplifier when the input/output control sig-
nal is on the second level.
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